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Abstract.

BACKGROUND: Ginkgo Folium has a favorable effect on non-alcoholic fatty live disease (NAFLD), but its mechanism remains
unclear.

OBJECTIVE: The aim of this study is to reveal the underlying mechanism of Ginkgo Folium in the treatment of NAFLD.
METHODS: Ingredients of Ginkgo Folium and ingredients-related genes were collected from TCMSP database and SwissTar-
getPrediction website, respectively. Genecards database was used to obtain NAFLD-related genes. Next, the protein-protein
interaction network and key ingredients-genes network were constructed via Cytoscape3.7.0. Based on the Metascape website,
gene ontology function analysis and Kyoto Encyclopedia of Genes and Genomes pathway enrichment analysis were carried
out for key genes. Finally, molecular docking was performed to present the interaction between components and genes using
AutoDock Vina 1.1.2.

RESULTS: Eighteen active ingredients and 10 target genes were screened from Ginkgo Folium. AKT1, TNF, EGFR, PTGS2,
MAPKS, PPA~, APP, ESR1, HIFa and PPAa were considered as potential therapeutic targets. These target genes were mainly
enriched in insulin resistance, HIF-1, adipocytokine and AMPK signaling pathways. Molecular docking results suggested
that Ginkgo Folium active ingredients including luteolin-4/-glucoside, sesamin, luteolin, chryseriol, isorhamnetin and laricitrin
showed strong binding capacities with AKT1.

CONCLUSION: The study showed that multi-components in Ginkgo Folium interacted with AKT1 and regulated AKT-
AMPK/HIF pathway to alleviate NAFLD. Our findings provided an essential role and basis for new anti-NAFLD drug discovery
and further research on Ginkgo Folium.
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1. Introduction

Non-alcoholic fatty liver disease (NAFLD) is represented by excessive fat accumulation in the liver, and
it causes non-alcoholic steatohepatitis, cirrhosis and hepatocellular carcinoma [1]. There are 1.8 billion
people were attacked by NAFLD worldwide until 2015, and patients with NAFLD face a high risk of
cardiovascular disease with a mortality up to 75% [2,3]. Incidence of NAFLD keeps ever-rising rapidly,
which leads to an enormous threat to human health. Unfortunately, there is presently no effective and
satisfactory treatment for NAFLD [4]. In decades, traditional Chinese medicine (TCM) treating with
major chronic diseases has attracted more and more attention due to its unique efficacy and relative
safety [5,6]. For example, previous studies revealed that Dachaihu decoction had a good effect in
attenuating NAFLD [7].

Ginkgo Folium (GF), the dried leave of Ginkgo biloba L. (family Ginkgoaceae), has effects of pro-
moting blood-circulation, removing blood-stasis and reducing lipid [8]. GF contains flavonoids, organic
acids, lactones and phenols [9]. Previous studies have discovered that Ginkgo biloba extract 50 has
hepatoprotective effects on NAFLD, and its mechanism concerns with the IRS-1, NFxB and Akt signal-
ing pathway [10,11]. It has been reported that flavonoids in GF decrease the content of blood glucose
and triglyceride in insulin-resistance rats [12]. Moreover, quercetin, kaempferol and isorhamnetin of
GF induce fatty acid beta oxidation, and thus increase the level of carnitine palmitoyl acyltransferase
1 and acetylated coenzyme A oxidase [13]. As a result, GF extract regulates the expression of genes
associated with fatty acid metabolism, cholesterol metabolism, carbohydrate metabolism [13,14]. Plenty
of evidences have shown that GF has a beneficial effect on NAFLD, however, the underlying mechanism
remains unclear.

The network pharmacology is built based on the interconnected molecular systems targeting multiple
nodes, and it is in line with the mechanism of multiple compounds and multiple targets in TCM. Network
pharmacology is now commonly used to reveal the complex mechanism of TCM though cheminformatics
and bioinformatics technology [15]. In this study, network pharmacology and molecular docking are
used to explore the mechanism of GF in the treatment of NAFLD. The current study is carried out to
provide scientific support for the further research of GF and for new drug development in the treatment of
NAFLD. The design of this research is shown in Fig. 1.

2. Method
2.1. Ingredients and target-genes of GF

Ingredients of GF were collected from Traditional Chinese Medicine Systems Pharmacology Database
and Analysis Platform (TCMSP) (http://tcmspw.com/tcmsp.php, version 2.3). Oral bioavailability (OB)
and drug-likeness (DL) values were selected for evaluation of absorption, distribution, metabolism
and excretion of compound [16]. With conditions of OB > 30% and DL > 0.18, active ingredi-
ents of GF were screened out. Supposed related-genes of compounds were predicted from PubChem
database (https://pubchem.ncbi.nlm.nih.gov/, updated on March 19, 2020) [17] and SwissTargetPrediction
(http://www.swisstargetprediction.ch/, version 2019) [18].

2.2. Potential genes of GF treating NAFLD

NAFLD-related genes were collected from GeneCards database (http://www.genecards.org/, version
4.14).
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Fig. 1. The workflow of the study to investigate the mechanism of GF in the treatment of NAFLD.

Based on GF and NAFLD associated gene datasets, Venn diagram was constructed to identify common
genes of NAFLD and GF.

2.3. Network construction and analysis

The common genes of NAFLD and GF were input into the Metascape [19], and protein-protein
interaction (PPI) network and module analysis were carried out. A node with a higher degree value
indicates that it is more important to the network. We considered genes as key genes if its degree value
was greater than twice the median of all genes in PPI network [20]. Finally, key ingredients-genes network
of GF treating NAFLD was established by Cytoscape 3.7.0 [21].

To cluster the biological functions of key genes, Gene Ontology (GO) and Kyoto Encyclopedia of
Genes and Genomes (KEGG) analysis were run through Metascape.

2.4. Molecular docking

The 3D structure of key ingredients and protein were acquired from PubChem database and The Re-
search Collaboratory for Structural Bioinformatics Protein Data Bank (RCSB PDB; https://www.rcsb.org,
version 4.9), respectively [22]. The centroid of the co-crystalized inhibitor (inositol-1,3,4,5-Tetrakisphos-
phate) in the crystal structures of protein complex was defined as the binding site. Molecular docking
was performed on AutoDock Vina 1.1.2, which was a updated version of docking software with high
accuracy and fast speed from the Molecular Graphics Lab [23].
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Table 2

The detailed information of the target genes for GF in the treatment of NAFLD
Gene code Protein Uniprot ID  Degree
AKTI RAC-« serine/threonine-protein kinase P31749 54
TNF Tumor necrosis factor P01375 42
EGFR Epidermal growth factor receptor P00533 34
PTGS2 Cyclooxygenase-2 P35354 34
MAPKS c-Jun N-terminal kinase 1 P45983 32
PPAR~Y Peroxisome proliferator-activated receptor y P37231 31
APP B amyloid A4 protein P05067 30
ESR1 Estrogen receptor o P03372 26
HIFla Hypoxia-inducible factor 1 o Q16665 23
PPAR« Peroxisome proliferator-activated receptor « Q07869 23

GF

NAFLD

Fig. 2. The Venn diagram of the common genes between GF and NAFLD (blue part marks the unique genes of GF, red part
marks the unique genes of NAFLD, and the purple part is the common genes).

3. Results
3.1. Identification of active components of GF

In the TCMSP database, Ginkgo Folium was searched, and a total of 307 compounds were found.
There were 19 compounds satisfied the condition of OB > 30% and DL > 0.18. The detailed information
of active components is given in Table 1.

3.2. Identification of common genes of NAFLD and GF

338 GF-related genes and 980 NAFLD-related genes were retrieved from SwissTargetPrediction and
Genecards database, respectively. After mapping Venn diagram based on GF and NAFLD associated
gene dataset, 98 overlap genes of NAFLD and GF were extracted (Fig. 2).

3.3. Network construction and analysis

98 overlapping genes were inputted into the Metascape for PPI network and MCODE-based module
analysis. Because CA1 had no interaction with the other genes and was excluded, 97 nodes and 608 edges
were in PPI network, as shown in Fig. 3a. According to the criteria that degree of major hub was more
than twice the median of all nodes in PPI network, 10 key target-genes were procured. They were AKT1,
TNF, EGFR, PTGS2, MAPKS, PPAR~, APP, ESR1, HIFa and PPA«. The detail of these target-genes is
included in Table 2.
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Fig. 3. PPI network of potential target-genes of GF in the treatment of NAFLD (a is PPI network, b is densely linked modules of
PPI network; line represents the interaction relationship, nodes represent the target-genes; node size is proportional to its degree
in the network, and red belongs to the module of response to reactive oxygen species, blue belongs to the module of G protein
coupled receptor transport regulation, green belongs to the module of cell response to insulin stimulation, purple belongs to the

Y. Sun et al. / Investigation on the mechanism of Ginkgo Folium in the treatment of NAFLD

a Q_'Dm HWMGCR

(Osresrz \
N\ Quocs OS'-CZM Oros2 WGS&L /.4KR1A1
. \ T AN NS A
N Oruhecad -.\h"--‘-' 7| Qrirer
/ \ / /N '-' Y qu N\
Qe De  @dock /TN T '
f ‘-., _.‘!.\_ Ny o Ly

e a— OQYPﬁm

‘jﬁp DEFRE -
Oecvrocis

“Qstosm

| -
' . .EGFR P @ore2
1KIRT
.P\ @
.AK‘H .R PSBKAZ

J

.F'DGFRB .GSKBB .CFFR
@ @riksca
v

Qpien .INSR Orxra @

..Gm R .P PARG

module of protein modification regulation, orange belongs to the module of nuclear receptor activity).



Y. Sun et al. / Investigation on the mechanism of Ginkgo Folium in the treatment of NAFLD S215

7 Al —r T
i — ) Linolenic aci(} — — . | ! | o bisf(28)-2-ethylhexyl]
I M | Genk luteol Bi
Al _ MEEo efhyl ester bl /uteo " ,fosme“ﬁ_ queroetfg\ Lancntnn‘t enzene-1,2-dicarboxylate
A }l J
[ )
beta-sitosterdl | Ethyl oleate campest-5-en-3betaof | Chryseriol kaempferdl | | Syringetin (| isorhamnetin Luteolin-4-gluedside]  sesamin
™ —
— g | _ 1 [ )
|PPARG —PPARA ESR1 -PTGS2_| AKT1— | APP EGFR™ TNF  ||MAPKS HIF1A
Vi e S
T

Fig. 4. The key bioactive ingredients-genes network for GF in the treatment of NAFLD (B and e mark the bioactive ingredient
and target, respectively).

a b R °

-2 sigsling Py -
adtipreytakone signaling pswy -

amr

AGERAGE signaling pathieny in diatetis complcaticns -

Typa Il mabates menns -

£ealra caroon metaoallsm In cancer -

Prosactin signaling pathwey -

“amoipuie;
Mon-gicahalc Tatty liver disease (NAFLD)- 1z
e
>
z FPAR siggling petwey .
2
H -
5 Reguleion o [oiysis in edipocyies
£
count
oo w00
b ® s
® o
Irsulin signelg sty -
 of small molecsle metasol —
o un ol procose gl
-ue'?u&wnﬁ-%ﬁgﬁ‘?ne«m Bratel focalzatio
= calyfer e oonse fo nitrogen comeaund
e R A A R e -
tazpors 1 [ popolysiecinde
m 25h0nE 1o IO S Chatante
2hic hedhey Sompaiing franscon
= e U A or s el Famenstas s i
TRSREAtE 16 nRTenT s Pustaphag .

: ic supztance
pesfive uiston of WA cascace
= Pt B Stan 5 ckl et

05i! on of callular catsbolic process
Feguaflar & e frana bateraa)
188pcnse o ciygen love's o
muscle cedl pre
wi2glation of jop tanspart
vegulation of inflammatory response

e 165N TaCEDRTT SIENING AETWIEY - .

Focal adhesian- @

1da fES
Enrichment

Fig. 5. GO and KEGG analysis of common genes for GF in the treatment of NAFLD (nodes in a represent functions of common
genes. node size is proportional to its counts, and node color is different with different function; b shows pathways of common
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The PPI network was consisted with five densely linked modules, including response to reactive oxygen
species, G protein coupled receptor transport regulation, cell response to insulin stimulation, protein
modification regulation and nuclear receptor activity (Fig. 3b).

Flavoxanthin did not interact with any genes and was excluded. A total of 18 compounds in GF
involved with 10 key target-genes. The data was entered into Cytoscape to construct a key ingredients-
genes network, as shown in Fig. 4.
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Table 3
The docking results of 18 key bioactive compounds of GF to AKT1 protein, compared with endogenous
ligand (inositol-1,3,4,5-Tetrakisphosphate) of AKT1

Compound Formula CAS number Binding energy  Binding-site

(kcal/mol) number
Inositol-1,3,4,5-Tetrakisphosphate  CsH160158P4  102850-29-3 —6.5 21
Luteolin-4’-glucoside C21H20011 6920-38-3 —6.7 9
Sesamin C20H1806 607-80-7 —-6.7 6
Quercetin C15H1007 117-39-5 -59 5
Luteolin C15H1006 491-70-3 —-5.8 7
Chryseriol C16H1206 491-71-4 —5.8 6
Isorhamnetin Ci16H1207 480-19-3 —5.8 6
Diosmetin C16H1206 520-34-3 —-5.8 5
Laricitrin C16H1205 53472-37-0 -5.7 7
Kaempferol C15H1006 520-18-3 —-5.6 4
Syringetin C17H140s 4423-37-4 —5.5 6
Genkwanin C16H1205 437-64-9 —-5.5 4
Stigmasterol Ca9H4s0 83-48-7 -55 3
Campesterol CogHysO 474-62-4 -53 3
(B-sitosterol CsoH520 64997-52-0 —-5.2 2
Bis (2-ethylhexyl) phthalate C24H3804 117-81-7 —4.3 6
Linolenic acid ethyl ester C20Hz3402 1191-41-9 -3.38 3
Ethyl linoleate C20H3602 544-35-4 -3.5 2
Ethyl oleate CooH3502 111-62-6 -3.7 5

3.4. GO and KEGG analysis

From GO analysis, results suggested that target genes were mainly enriched in regulation of small
molecule metabolic process, nuclear receptor activity and RNA polymerase II transcription factor com-
plex. Figure 5a highlighted the top 20 GO terms with smallest p-value. In the Fig. 5b, 20 KEGG pathways
with the lowest g-values are displayed. Notably, insulin resistance, hypoxia inducible factor-1 (HIF-1)
signaling pathway, adipocytokine signaling pathway and AMP-activated protein kinase (AMPK) signaling
pathway were highly related with mechanism of GF treating NAFLD.

3.5. Molecular docking

In order to clarify mechanism of GF in the treatment of NAFLD, molecular docking was used to
present interaction between key compound and protein. We selected AKT1 with the highest degree
value (PDB ID: 1h10) and 18 compounds of GF for molecular docking. The docking results of 18
compounds of GF were compared with endogenous ligand (inositol-1,3.4,5-Tetrakisphosphate) of AKT]I.
The affinity value (reversely represented the degree of docking coincidence of molecules) and number of
hydrogen bonds are listed in Table 3. Results showed that the affinity values of luteolin-4’-glucoside,
sesamin, luteolin, chryseriol, isorhamnetin and laricitrin with AKT1 were lower than —5 kcal/mol,
indicating that the important active ingredients of GF combined well with AKT1. Particularly, luteolin-
4’-glucoside had the lowest affinity value and 9 binding sites, and the binding mode of endogenous ligand
(inositol-1,3,4,5-Tetrakisphosphate) and luteolin-4’-glucoside with AKT1 are shown in Fig. 6.

4. Discussion

Globally, NAFLD is the most prevalent liver disease, which seriously threatens human health. Mecha-
nisms for NAFLD progression and development are complex and multifactorial [24]. Studies have shown
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that NAFLD is influenced significantly by insulin resistance [25]. It increases production and secretion of
adipokines and inflammatory cytokines [26]. Triglycerides accumulation in the liver causes lipo-toxicity
and leads to oxidative stress and overloaded reactive oxygen species [27]. Additionally, altered gut flora
causes increased fatty acid absorption and activated inflammatory [28]. Several factors contribute to the
pathogenesis of NAFLD, including inflammation, lipo-toxicity and steatosis, as indicated by changes in
serum biochemistry and histopathological features [29]. Previous studies indicated that GF has a favorable
effect on regulating lipid metabolism [14], yet, its mechanism remains unclear.

In this study, 18 key compounds and 10 target genes of GF treating NAFLD were identified. AKT1 with
highest degree value played a pivotal role in the PPI network. Results of GO and KEGG analysis showed
that the mechanism of GF against NAFLD was associated with cell apoptosis, HIF-1, adipocytokine and
AMPK signaling pathways. Molecular docking results displayed that luteolin-4’-glucoside, sesamin,
luteolin, chryseriol, isorhamnetin and laricitrin had strong affinity with AKT1. This work indicated that
these compounds were effective substances for GF in treatment of NAFLD.

Luteolin-4’-glucoside has an anti-dyslipidemia effect and inhibits expression of sterol regulatory
element-binding protein-1 and S-hydroxy (-methylglutaryl-coenzyme A reductase by activating of
peroxisome proliferator-activated receptor and carnitine palmitoyltransferase-1 (CPT1) [30]. Luteolin
inhibits the activation of liver X receptors to reduce level of sterol regulatory element binding protein 1C
and relieves fat accumulation in db/db mice liver [31]. Quercetin promotes very-low density lipoprotein
assembly and lipid phagocytosis of the liver through the IREa/XBP1s pathway, and thus ameliorates
NAFLD [32]. Evidences show that isorhamnetin alleviates steatosis and fibrosis in nonalcoholic steato-
hepatitis mice, which is related to inhibiting de novo fat production and fibroblast gene expression [33].
In NAFLD mice, AMPK pathway is activated by diosmetin to alleviate abnormal lipid metabolism, liver
tissue lesions, apoptosis and inflammation [34]. Furthermore, previous studies indicate that quercetin,
kaempferol and isorhamnetin increase carnitine palmitoyl acyltransferase-1 and promote S-oxidation of
fatty acid [13]. Sterols and unsaturated fatty acids also have an effect on regulating lipid metabolism.
Feng’s research shows that administration of stigmasterol and 3-sitosterol decreases cholsterol levels and
relieves NAFLD [35]. Campesterol is one of the hallmark components of cholesterol absorption rate [36].
Previous studies suggest that linoleic acid enhances liver cell vitality and increases fatty acid oxida-
tion [37], and dietary supplementation with gamma-linolenic acid prevents liver fat accumulation [38].
Literatures provide further evidence for this experiment, indicating these 18 ingredients in GF are the key
effective ingredients for treating NAFLD.

Overactivation of HIF-« promotes the expression of NADPH oxidase-2 (NOX?2), increases the content
of reactive oxygen species, inhibits superoxide dismutase (SOD), and causes oxidative stress [39]. Besides,
HIF-1« directly regulates acylglycerol-3-phosphate acyltransferase 2, a key enzyme in glycerophos-
pholipid/triacylglycerol biosynthesis, inducing fat synthesis [40]. PIK3R1 and AKT1 inhibit expression
of HIF-a, oxidative stress and lipid synthesis by blocking HIF-1 signaling pathway [41]. Moreover,
PI3K/AKT/AMPK signaling pathway promotes the expression of CPT1 and activates -oxidation of fatty
acid to reduce liver fat accumulation [42]. Adiponectin, one adipocytokines, relieves insulin resistance by
inhibiting the AKT/FOXO1 signaling pathway. Thus, AKT plays an key role of mechanism of GF in the
treatment of NAFLD. Restraint of EGFR phosphorylation combats fat accumulation and oxidative stress
in NAFLD mice [43]. The metabolic signals are transmitted from macrophages to hepatocytes through
ESR1/HGF/Met signaling pathway, affecting development of hepatocytes [44]. Jin’s study shows that
reactive oxygen promotes lipid droplet formation and worsens liver fat accumulation. Reactive oxygen
promotes the expression of perilipin 2, which regulates PPAR/RXRA and CREB/CREBBP signaling
pathways and influences lipid metabolism [45]. Taken together, EGFR, ESR1 and PPAR are termed as
therapeutic targets for GF against NAFLD.
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5. Conclusion

The underlying mechanism of GF against NAFLD was investigated by network pharmacology combined
with molecular docking. Our findings showed that GF alleviated NAFLD through interactions between
effective ingredients and AKT1 and regulation of AKT-AMPK/HIF pathway. The present study revealed
the molecular biological mechanism of GF against NAFLD and provided a basis to the clinical treatment
of GF.
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