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Lamiophlomis Herba (LH) is a traditional Chinese and Tibetan dual-use herb with hemostatic and analgesic
effects, and is widely used in the clinical treatment of traumatic bleeding and pain. In recent years, LH has been
proven to treat liver fibrosis (LF), but the chemical components related to the pharmacological properties of LH
in the treatment of LF are still unclear. Based on the theory of plasma pharmachemistry, the characteristic
components in water extract and drug-containing plasma samples of LH were qualitatively analyzed by UPLC-Q-
TOF-MS. The chemical components in plasma were screened and the targets were predicted by network phar-
macology. Then, the predicted components and targets were verified in vitro by Elisa and qRT-PCR technology.
Finally, the pharmacological effects of LH and its monomeric components were determined by hematoxylin-eosin
staining of rat liver. A total of 50 chemical constituents were identified in LH, of which 12 were blood prototypes
and 9 were metabolites. In vitro experiments showed that LH and its monomeric components luteolin, shanz-
hiside methyl ester, loganic acid, loganin, 8-O-acetyl shanzhiside methyl ester could increase the expression of
antioxidant genes (NQO-1, HO-1) and decrease the expression of inflammatory genes (IL-6, IL-18), thereby
reducing the expression of extracellular matrix-related genes and proteins (COL1A1, COL3A1, LN, a-sma, PC-III,
Col-IV). In vivo experiments showed that LH could reduce the area of LF in rats in a dose-dependent manner, and
shanzhiside methyl ester and 8-O-acetyl shanzhiside methyl ester may be the main components in pharmaco-
dynamics. These effects may be mediated by LH-mediated Nrf2/NF-xB pathway. This study explored the po-
tential pharmacodynamic components of LH in the treatment of LF, and confirmed that shanzhiside methyl ester
and 8-O-acetyl shanzhiside methyl ester play a key role in the treatment of LF with LH.

1. Introduction matrix-related proteins and tissue inhibitor of metalloproteinases

through the stimulation of the TGF-p signaling pathway, ultimately

Liver fibrosis (LF) is a pathophysiological process triggered by mul-
tiple factors. Failure to administer timely treatment can lead to the
progression of cirrhosis and hepatocellular carcinoma [1]. LF primarily
arises from the activation and proliferation of hepatic stellate cells
(HSCs), resulting in the generation of myofibroblasts, which are induced
by various inflammatory factors, predominantly TGF-p1 and PDGF. The
activation of HSC by TGF-pl prompts the secretion of extracellular

leading to LF development [2]. Bone marrow-derived mesenchymal
stem cells undergo epithelial-mesenchymal transition to differentiate
into myofibroblasts, thereby providing a complementary mechanism for
inducing LF [3]. In accordance with traditional Chinese medicine (TCM)
theory, LF manifests as blood stasis. Hence, herbal remedies that pro-
mote blood circulation by removing stasis are commonly employed for
its treatment [4].
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Lamiophlomis Herba (LH) is desiccated aboveground portion of
Lamiophlomis rotata (Benth.) Kudo. It is recorded that LH has the effect of
activating blood and dissolving stasis, clearing wind-damp for relieving
pain and arrest bleeding in ancient Chinese and Tibetan medicine
pharmacopeia [5]. Recent pharmacological studies have shown that
total polyphenolic glycosides (TGP) in LH promote apoptosis of acti-
vated HSCs, downregulate the expression of Smad2/Smad3, Smad4 and
upregulate the expression of Smad7 in mice with LF, thereby inhibiting
the TGF-p1 signalling pathway and reducing the expression of related
extracellular matrix-forming proteins [6]. In addition, TGP promotes the
conversion of activated HSC to inactivated HSC by inhibiting AGE/R-
AGE [7]. However, the specific bioactive compounds within poly-
phenolic glycosides that are responsible for exerting their
pharmaceutical effects remain unidentified. The main polyphenols in LH
are iridoids, flavonoids and small amounts of phenolic acids, and some
phenylpropanoids are also found in LH [5]. The iridoids and flavonoids
present in LH exhibit anti-inflammatory and analgesic effects, while the
phenylpropanoids have been substantiated for their remarkable
anti-inflammatory and antibacterial properties [5]. The activation of
HSCs is facilitated by IL-6 through the regulation of the HIF/IL-6/STAT3
signaling pathway, while NLRP3 inflammasome activation induced by
IL-18 triggers HSC activation [8,9]. As an activator of inflammatory
pathways, reactive oxygen species (ROS) can be inhibited by HO-1 and
NQO-1 [10]. The Nrf2-cascaded NF-kB pathway exerts regulatory con-
trol over the generation of ROS and pro-inflammatory factors. LH may
play an antioxidant and anti-inflammatory role in the treatment of LF by
mediating Nrf2/NF-kB pathway.

Therefore, in this study, the UPLC-Q-TOF-MS technology was
employed to identify and characterize the constituents of LH as well as
their absorption into the bloodstream. Utilizing plasma pharma-
cochemistry results, network pharmacology was applied to construct a
multi-level network relationship between the "active ingredient-target-
pathway" of LH in treating LF. Subsequently, the antioxidant and anti-
inflammatory targets predicted by network pharmacology in LR were
verified by in vitro experiments. Finally, morphologic examination of rat
liver tissue was performed to validate the role of LH and its monomeric
components, SME and 8-OASME, in ameliorating LF. These findings are
expected to serve as a foundation for further exploration of LH’s
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bioactive ingredients and mechanism in managing LF.
2. Materials and methods
2.1. Drugs and reagents

LH was purchased from Anguo traditional Chinese medicine pro-
fessional market (Hebei, China). Silymarin capsules (Positive control; P-
control) were purchased from MADAUS GMBH (Cologne, Germany).
Standards of shanzhiside methyl ester (SME) > 98 %, 8-O-acetyl
shanzhiside methyl ester (8-O ASME) > 98 %, loganin (Log) > 98 %,
loganic acid (Log A) > 98 % and luteolin (Lut) > 98 % were purchased
from Shanghai Yuanye Bio-Technology Co., Ltd. (Shanghai, China)
(Fig. 1). Recombinant Mouse/Rat TGF-beta 1 was provided by Suzhou
Nearshore Protein Technology Co., Ltd. (Suzhou, China). Formic acid
(MS grade) and acetonitrile (HPLC grade) were obtained Merck
(Darmstadt, Germany). DMEM culture chamber and fetal bovine serum
(FBS) were obtained from GIBCO BRL (Grand Island, NY, USA).
Penicillium-streptomycin, trypsin, and PBS buffer were obtained from
Beijing Solarbio Science & Technology Co., Ltd. (Beijing, China). Puri-
fied water was supplied by A.S. Watson TM LIMITED (Guangzhou,
China).

2.2. Preparation of LH extract

100 g LH was soaked in 1600 mL water for 30 min, and then
decocted for 30 min. After filtration, 1400 mL water was added to the
filter residue and decocted again for 20 min. Samples were filtered
through 0.22 pm microporous filters before analysis. Finally, the water
extract of LH was obtained and concentrated to 50 mL, equivalent to
2 g/mL of crude medicine for subsequent experiments. According to the
Pharmacopoeia of the People’s Republic of China, combined with our
previous research, qualitative and quantitative analysis was conducted
on LH water extract, which was identified as the dried aboveground part
of Lamiophlomis rotata (Benth.) Kudo. The concentrations of SME and 8-
O ASME were determined to be 20.4 mg/mL and 21.6 mg/mL, respec-
tively [11] (Figure S1).
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Fig. 1. Chemical structures of the five compounds.
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2.3. Animal

Male Sprague Dawley (SD) rats (200 + 20 g) were obtained from
Beijing Huafukang Biotechnology Co., Ltd. (Beijing, China), and the
rearing of experimental animals was approved by Tianjin University of
Traditional Chinese Medicine and performed in accordance with ethical
standards (Animal Ethics No.: TCM-LAEC202113). The rats were housed
in an animal center (22 + 2°C, 60 + 10 % relative humidity), following
a 12-hour light/dark cycle. They had ad libitum access to food and
water, except for a 24-hour fasting period prior to the experiment during
which they had free access to water.

2.4. Preparation of plasma samples

12 male SD rats were randomly divided into blank group (6 rats) and
LH group (6 rats). The dosage for intragastric administration was
determined based on the acute toxicity experiments conducted by Wang
et al. and Zhang et al., with a safe dose established to be below 18 g/kg
in rats [12]. Considering the appropriate volume for rat dosing, the final
concentration for intragastric administration was set at 15 g/kg. Rats in
the LH group were administered 15 g/kg of an aqueous extract of LH
intragastrically, while rats in the blank group received an equivalent
volume of 0.9 % NACI solution. Blood samples were collected from the
orbital plexus vein at 0.5, 1, 2, 4 and 6 h after administration and
transferred to heparinized centrifuge tubes. Subsequently, plasma was
separated by centrifugation at 4°C and 3000 r/min for 15 min before
being stored at —80°C.

The same treatment protocol was used for the blank and LH groups.
After plasma absorption of 50 pL at each time point, 500 pL of aceto-
nitrile was added, thoroughly mixed, and then centrifuged at 4°C for
10 min at 12000 r/min, and the supernatant was collected. The solution
was blow-dried with nitrogen, and the residue was redissolved in 200 pL
acetonitrile. Samples were filtered through 0.22 pm microporous filters
before analysis.

2.5. Chemical composition and plasma composition analysis

The water extract of LH and plasma samples from the blank and LH
group were analyzed by UPLC-Q-TOF-MS. Chromatographic analysis
was performed using a Waters Acquity™ UPLC system (Waters Corpo-
ration, Milford, USA). The 1 pL sample were separated on a Waters
Acquity UPLC HSS T3 column at 45°C with a flow rate of 0.3 mL/min.
The mobile phases A (0.1 % formic acid in water) and B (0.1 % formic
acid in acetonitrile) were set as follows: 0-2 min, 1-10 %B; 2-5 min,
10-15 %B; 5-8 min, 15-20 %B; 8-10 min, 20-25 %B; 10-13 min,
25-35 %B; 13-18 min, 35-99 %B; 18-20 min, 99 %B; 20-22 min,
991 %B; 22-25 min, 1 %B.

Water Xevo Gy Q-TOF mass spectrometer (Waters Corporation,
Milford, USA) was used for negative mode scanning determination
equipped with an electrospray ionization (ESI), and the instrument pa-
rameters were as follows: The data was acquired using a capillary
voltage of 2.0 kV (ESI-), cone-hole voltage of 30 V, ion source temper-
ature of 110°C, cone-hole gas flow rate of 50 L/h, quality data collection
scan of 50-1200 Da. Leucine enkephalin was used for real-time molec-
ular weight correction during the collection process.

2.6. Network pharmacology analysis

2.6.1. Ingredients targets screening

Based on the results of chemical analysis and the components of LH
absorbed in rat plasma, the prototype and metabolic compounds
absorbed in rat plasma were selected as candidates. The determination
of the targets on LH by TCMSP Database (http://old.tcmsp-e.com/tc
msp.php) and SwissTargetPrediction (http://www.swisstargetpredicti
on.ch/). Besides, the molecular targets of some known identified com-
pounds were collected through literature mining. Merge all targets and
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remove duplicates.

2.6.2. Liver fibrosis related target collection

Targets of LF were identified by searching public databases,
including Online Mendelian Inheritance in Man (OMIM, https://omim.
org/), Therapeutic Target Database (http://db.idrblab.net/ttd/), Gene-
Cards (https://www.genecards.org/), DisGeNET (http://www.disgenet.
org/) and remove duplicate targets. Next, overlapping genes between
LH and LF were matched to Venn diagrams.

2.6.3. Construction of "component-target-pathway" network and analysis of
key targets and pathways

Cytoscape 3.8.2 software was used to construct the active compound-
disease target network to describe the interaction between target genes
and bioactive components. The degree values were subsequently
calculated using the NetworkAnalyzer plug-in. Compounds with higher
values in LH are considered to be potentially active compounds that may
be involved in LH-mediated remission of LF. The DAVID database was
used to perform KEGG pathway and GO function enrichment analysis of
gene targets. Terms with P < 0.05 were considered significant and
captured for revealing the related pathways and metabolic processes
involved in the treatment of LH on LF.

2.7. Cell experiment

2.7.1. Cell preparation and stimulation

Rat hepatic stellate cells (HSC-T6) were purchased from the Procell
Life Science&Technology Co., Ltd. (Wuhan, China). Cells were cultured
in DMEM supplemented with 10 % fetal bovine serum and 1 % penicillin
and streptomycin at 37°C with 5 % COa. Cells in the logarithmic growth
phase were used for further experiments. The cells were divided into
control, model, P-control (8 pg/mL), SME (40 pM/L), 8-O ASME
(40 pM/L), Log (10 pM/L), Log A (10 pM/L), Lut (80 puM/L) and LH
water extract (LH-L: 400 mg/L, LH-M: 800 mg/L, LH-H: 1600 mg/L)
and cultured for 12 h for further experiments. Except for the control
group, the culture medium of other groups contained 5 ng/mL TGF-f1.
The administration concentration and cytotoxicity were assessed using a
combination of MTT assay and LDH experiments. The experimental
findings are presented in Figure S1.

2.7.2. Elisa

Elisa kits of laminin (LN), type IV collagen (Col-IV), type III pro-
collagen (PC-III) and smooth muscle protein (a-sma) were purchased
from Jiangsu Meimian Industrial Co., Ltd. (Yangcheng, China), accord-
ing to the manufacturer’s instructions to experiment.

2.7.3. qRT-PCR

The mRNA expression of GAPDH, NQO-1, HMOX-1, IL-6, IL-18,
Col3al and Collal were detected by qRT-PCR. Total RNA was extracted
from HSC-T6 cells using TRNzol kit and the concentration of extracted
RNA was detected using Nano-400A ultra micro nucleic acid analyzer.
cDNA synthesis was performed with 600 ng of total RNA using a
FastKing cDNA first strand Synthesis Kit with gDNase. Quantitative real-
time PCR (qRT-PCR) analysis was performed using a SuperReal fluo-
rescence quantitative premix reagent in an CFX96 fluorescence quanti-
tative PCR instrument. These kits were purchased from Tiangen
Biochemical Technology Co., LTD (Beijing, China). GAPDH was
analyzed in each sample to normalize expression. The primers used are
shown in Table S1.

2.8. Animal experiment verification

2.8.1. Liver fibrosis model

According to the prediction results of network pharmacology and
cell experiment, combined with the previous experiments and pharma-
copoeia standards, SME and 8-O ASME were selected for animal
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experiment verification [11]. 96 rats were randomized into 8 groups (n
= 12), the control group received intraperitoneal injections of olive oil,
while the remaining groups received a solution containing 50 % CCl4 in
olive oil (2.0 mL/kg) twice weekly for 8 weeks. According to the clinical
equivalent dose and the content of components in the water extract, the
dosages of LH-L, LH-M, and LH-H groups were 0.3, 0.6, and 1.2 g/kg,
respectively, and the dosages of SME and 8-O ASME were 10 mg/kg. The
control and model groups received the same amount of 0.9 % NaCl so-
lution by gavage administration.

2.8.2. Hematoxylin and eosin stain of liver

Liver tissues were immersed in 4 % paraformaldehyde, dehydrated
in ethanol, embedded in paraffin, and sectioned at 5 pm. The sections
were stained with hematoxylin and eosin (HE), dehydrated through a
gradient, and sealed with neutralresinsize. Changes in liver tissues were
observed under a microscope, and image acquisition and analysis were
performed.

2.9. Statistical analysis

Statistical analysis was performed using GraphPad Prism 9.0 soft-
ware (Version 23.0; IBM SPSS, Chicago, Illinois, USA). The results were
expressed as mean + SD and each experiment was repeated 3 times.
One-way analysis of variance (ANOVA) was used to evaluate the dif-
ferences in the mean values. The significance difference was verified by
Tukey-Kramer honesty (P < 0.05).

3. Results
3.1. Identification of chemical compositions in LH

UPLC-Q-TOF-MS analysis was used to identify the compounds in LH.
Since MS and ion fragment information are more informative in the
negative ion mode, analyses were performed in the negative ion mode.
To identify the compounds in LH, the retention time, excimer ions, and
ion fragments of the obtained mass spectra were analyzed and compared
with those reported in the database. By comparison with the database, a
total of 50 compounds were identified, including 9 flavonoids, 19 phe-
nylpropanoids, 20 iridoids and 2 other compounds. The results and mass
spectra of these compounds are shown in Fig. 2-A and Table S2.

The cleavage of iridoids is characterized by dehydration, decarbox-
ylation, desugarization and occasionally ring opening (Fig. 3). The
quasi-molecular ion peak of compound 28 is m/z 493.1563
[M+COOH]". It loses a glucose group (162 Da) to form an ionic fragment
of m/z 285 [M-Glu]’, which is then cleaved into two fragments of m/z
225 and m/z 101. Another cleavage involves the loss of a methoxy group
(30 Da) and a glycolic acid (59 Da) to form an ionic fragment of m/z
359, which is then cleaved into a fragment of m/z 323. Based on a
comparative analysis of the data from previous literature, we postulate
that this compound corresponds to 8-O ASME [13].

The quasi-molecular ion peak of compound 24 is m/z 435.1493
[M+COOH] . The compound first shows loss of a glucose group (162 Da)
to form the fragment m/z 227 [M-H-Glu]’, followed by successive loss of
two water molecules (36 Da) to form the fragment m/z 191 [M-H-Glu-
2 H,0], and then loss of a methoxy group (30 Da) to form the charac-
teristic peak of m/z 161 [M-H-Glu-2 HoO-OCH]". According to the
literature of Wu et al., the compound is consistent with the cleaved law
of Log, so it is inferred that it is Log [14].

The characteristic quasi-molecular ion peak of compound 11 is
observed at m/z 451.1452 [M+COOH], indicating the loss of a glucose
group at m/z 243 [M-H-Glu]", followed by subsequent losses of CoHy
(28 Da) and H,0 (18 Da), resulting in the formation of ion fragments at
m/z 215 [M-H-Glu-CoHy4]™ and m/z 225 [M-H-Glu-H50]". According to
the data in previous literatures, this compound is inferred to be SME
[13].

Lut and quercetin are the basic backbone of flavonoids in LH to form
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Fig. 2. Diagram of the total ion current in the negative ion mode. (A: Aqueous
extract of LH; B: LH group plasma sample; C: Blank group plamsa sample).

glycosides. During cleavage, the saccharides are mainly removed to
form aglycones, and further occurs Retro Diels-Alder (RDA) reaction
(Fig. 4). The quasi-molecular ion peaks of compounds 31, 32, and 48
were observed at m/z 579.1350 [M-H]", m/z 447.0927 [M-H]", and m/z
285.0399 [M-H], respectively. These compounds exhibited character-
istic fragments at m/z 285, consistent with the presence of Lut. Com-
pounds 31 and 32 produced ions at m/z 447 (132 Da) and m/z 285
(162 Da), respectively, indicating continuous glycosidic bond cleavage.
Compound 48 showed two fragments at m/z 155 and m/z 131, consis-
tent with the RDA cleavage pattern of Lut. By comparing these results
with the identification of flavonoids in LH by La et al., it can be
concluded that compounds luteolin-7-0-(6°"-O-p-D-apiofuranosyl)-p-D-
glucopyranoside, luteolin-7-O-p-D-Glucoside, and Lut correspond to
compounds 31, 32, and 48 [13,14].
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Fig. 3. The cleavage rule of iridoids. (Compound 11, 24, 28).

Phenylpropanoids are one of the most abundant components in LH,

fragments detected at m/z 191 and m/z 179, corresponding to the loss of
mainly composed of phenylpropanol compounds, but also contain a

quinonic acid (174 Da) and caffeic acid (162 Da), respectively. Subse-

small amount of phenylpropionic acid compounds. The cleavage
pathway of phenylpropanoid compounds is mainly related to the group
connected on the parent nucleus, including the loss of methyl, hydroxyl,
carboxyl and others (Fig. 5). The quasi-molecular ion peak of compound
14 is observed at m/z 353.0873 [M-H], with two characteristic

quently, these fragments underwent dehydration reactions resulting in
the formation of characteristic ions at m/z 173 and m/z 161. By
comparing our results with previously reported data, it can be concluded
that the compound under investigation is chlorogenic acid [14].

The quasi-molecular ion peak of compound 33 is observed at m/z
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623.1976 [M-H]". The compound first loses 162 Da to form a fragment
ion at m/z 461 [M-H-Rha]-, corresponding to the removal of a rhamnose
moiety. Subsequent cleavage of the glycosidic bond produces two
fragment ions at m/z 179 and m/z 315, respectively, and then a molecule
of H,0 is lost, producing a fragment ion at m/z 161. The compound is
consistent with the compound known as acteoside found in LH by Wu
et al. It is concluded that the compound is acteoside [14].

The excimer peak of compound 30 is m/z 775.2399, and four char-
acteristic peaks are observed at m/z 579, m/z 623, m/z 593, and m/z
179, indicating fragments formed by the rupture of different sites of
glycosidic bond, followed by fragments formed by dehydration at m/z
161, and then fragments formed by the rupture of C-C double bond at m/
2 135. In agreement with the data of Wu et al., this compound is inferred
to be Forsythoside B [14].

In addition to the compound types proposed above, we also found
syringic acid and vanillyl-p-d-Glucopyranoside in LH. The cleavage
pathway of these compounds mainly includes the loss of hydroxyl,
carboxyl, methoxy.

3.2. Identification of components of LH into rat plasma

The BPI plots of the negative control group and the drug adminis-
tration group are shown in Figs. 2-B and 2-C. By comparison with the
compounds identified in the aqueous extract of LH, a total of 12 pro-
totype components were identified. The identification results and frag-
ment ion are shown in Table 1.

The identification of metabolic components in LH was achieved by
considering the retention time of the prototype compound, the frag-
mentation behavior, and the metabolic transformation patterns exhibi-
ted by compounds sharing the same parent nucleus structure. The first-
phase metabolism is mainly demethylation, oxidation and hydrolysis,
while the second-phase metabolism is combination with endogenous
components, including glucuronidation, sulfonation and acetylation
(Table 2).

Lut, a prevalent flavonoid in food and herbal medicines, was found to
yield five metabolites in this study. Due to the ubiquitous presence of
UDP-glucuronosyltransferase (UGT) and catechol-O-methyltransferase
(COMT) enzymes in the body, glucuronidation and methylglucur-
onidation products of Lut are frequently detected in vivo [15].

The M8 displayed an ion at m/z 475.0877 [M-H] and an ion peak at
m/z 299.0597 (loss of a glucuronate), followed by the elimination of a
methyl group, which corresponded to the quasi-molecular ion of Lut (m/
z 285.0410). Subsequently, the same ring cleavage fragment as that
observed in Lut was identified, including loop A (m/z 151.0007) and B
(m/z 133.0301). By comparing the data with the relevant literature, we
concluded that the product was the methyl glucuronidation product of
Lut. The quasi-molecular ion peak of M7 is observed at m/z 364.9967
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[M-H]", which has a mass difference of 14 Da compared to that of M8.
The cleavage rule are consistent with those detected for M8, suggesting
that M7 is the glucuronidation product of Lut [15].

Furthermore, we found the quasi-molecular ion peaks of M2 (m/z
637.1041 [M-H]), M6 (m/z 541.0288 [M-H]) and M9 (m/z 364.9967
[M-H]) in our study, which underwent sequential desulfation or
deglucuronidation to generate the parent nucleus structure of Lut. The
observed cleavage patterns were consistent with previous literature re-
ports, so we concluded that they were the double-glucuronidized, sul-
fate-glucuronidized, sulfated metabolites of Lut [16].

The metabolites of iridoid are mainly phase 1 metabolites. The quasi-
molecular ion peaks of m/z 449.1659 [M-H] and m/z 405.1397 [M-H]
were observed in M3 and M5, respectively, which showed a mass in-
crease of 16 Da compared with the corresponding ions of 8-O ASME and
Log, and the same rules were found in the ion fragments. Therefore, it
was concluded that they were the oxidation products of 8-O ASME and
Log [17].

The quasi-molecular ion peak at m/z 402.1159 [M-H] and the
fragmentation ion at m/z 226.0839 [M-H-CgHgOgl", corresponding to
the aglycon of geniposide, were observed in M4. Subsequently, one
molecule of HpO was eliminated resulting in m/z 208.0733 [M-H-
CeHgOg-H20]™ and one molecule of CH3COOH was lost resulting in m/z
148.0519 [M-H-CgHgOg-H20-CH3COOH]". In agreement with the results
of Han et al. it can be concluded that this metabolite is the glucur-
onidation product of geniposide [18].

3.3. Network pharmacological analysis of LH treatment for LF

The prototype and metabolic compounds in blood were selected for
further analysis, and the relevant targets of compounds for the treatment
of LF were predicted through the database. KEGG and GO enrichment
analysis of the relevant targets was performed through the DAVID
database.

We identified 124 common targets among 2132 LF-related targets
and 303 chemical component-related targets (Fig. 6-A). Through
network interaction analysis, it was implicated that Lut, geniposide, Log
A, Log, 8-O ASME, SME and part of the metabolic components were the
potential active ingredients in LH for the treatment of LF (Fig. 6-B).
PI3K-Akt signaling pathway, FoxO signaling pathway, Ras signaling
pathway are listed as signaling pathways containing more low-p-value
genes, and these pathways contain most of the targets, including CA2,
SRC, EGFR, IL-6, HMOX1, NQO-1, IL-18, MMPs and so on, which are
highly associated with inflammation, oxidation and matrix formation
(Fig. 6-C, D). These results suggest that Log A, Log, 8-O ASME and other
compounds in LH may alleviate LF by alleviating inflammatory factors,
reducing matrix formation, and antioxidative effects.

Table 1
Prototype compounds enter-into blood in LH.
No. RT Molecular MW Adduct ion Error Fragment ion Identified compound Type
(min) formula (ppm)
1 3.024 C17H24011 449.1295 +HCOO 0.9 241.0737[M-H-C¢H100s] Phlorigidoside C I
2 3.130 C17H4015 465.1244 +HCOO 3.9 257.0641[M-H-CgH;005]" Sesamoside I
3 3.557 C17H26011 451.1452 +HCOO -0.2 243.0882[M-H-CgH;(05]" Shanzhiside Methylester I
225.0803[M-H-CgH;00s-H20]
4 3.770 C16H24010 375.1291 H 21 213.0780[M-H-CgH; (051" Loganic Acid I
5 4.511 C17H24011 449.1295 +HCOO 2.7 241.0726[M-H-CgH;(05]" 7,8-Dehydropenstemoside I
6 4.624 C17H24010 433.1346 +HCOO 3.0 225.0751[M-H-CgH;005]" Geniposide I
7 4.838 C17H24010 433.1346 +HCOO 2.3 225.0775[M-H-C¢H;005] 7-dehydroxy-2-zaluzioside I
8 5.009 C17H26011 451.1452 +HCOO -3.2 243.0896[M-H-CgH;(0s]" Penstemoside I
9 5.493 C17H26010 435.1503 +HCOO -1.6 227.0966[M-H-CgH1(05]" Loganin I
10 6.290 C16H2409 359.1342 -H -0.2 359.1350[M-H] 8-Epideoxyloganic Acid I
197.0810[M-H-CgH;¢0s]"
11 6.410 C19H5012 493.1552 +HCOO -0.8 868.3947[2 M-H]" 8-O-Acetyl shanzhiside methyl ester 1
285.0974[M-H-C¢H;00s5]
12 10.844 C15H1006 285.0399 -H 1.0 285.0395[M-H]" Luteolin F
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Table 2
Metabolism compounds enter-into blood in LH.
No. RT Molecular MW Adduct ion  Error Fragment ion Prototype compound Metabolic type
(min) formula (ppm)
M1 3.315  CygH26012 433.1346 -H 4.6 271.0844[M-H-CgH;,05]" 8-O-Acetyl shanzhiside methyl ester =~ Demethylation
241.0698[M-H-CgH1;05-OCH,]
M2 5.051  Cy7H26018 637.1041 -H 1.2 461.0720[M-H-C¢HgOg]" Luteolin Double glucuronidation
285.0411[M-H-CgHgOg-
CeHgO61
M3 5.286 C10H30012 449.1659 -H 1.6 287.1131[M-H-C¢H1;05]" 8-O-Acetyl shanzhiside methyl ester ~ Oxidation
M4 5.351 C17H26011 402.1162 -H 1.2 226.0839[M-H-CgHgOg] Geniposide Glucuronidation
208.0733[M-H-CgHgOg-H,01"
M5 5.358 C17H26011 405.1397 -H -2.7 242.0818[M-H-C¢H;,0s5]" Loganin Oxidation
M6 6.752  Cy1H;80:5S  541.0288  -H -1.8 364.9992[M-H-CgHgOg] Luteolin Sulfation and glucuronidation
285.0393[M-H-S05-C¢HgOg]"
M7 7.933 C21H18012 461.0720 -H -0.8 285.0410[M-H-CgHgOg] Luteolin Glucuronidation
M8 9.613  Cy3H0012 475.0877 -H 0.4 299.0597 [M-H-CgHgOg] Luteolin Methylglucuronidation
285.0410[M-H-C¢HgOg-CH,]"
M9 10.744 C15H1000S 364.9967 -H -1.1 285.0389[M-H-SO3]" Luteolin Sulfation
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displaying the top 20 KEGG signaling pathways).
3.4. LH decreased LF related protein expression levels

According to the results of network pharmacology analysis, the
author selected five compounds with a higher degree-value to examine
their effects on LF. We stimulated HSC-T6 cells with TGF-p1 and inter-
fered with five compounds and LH aqueous extracts of different con-
centrations. Compared with the control group, the protein expression of
LN, Col-1V, PC-III and a-sma in the model group were significantly
increased (P < 0.01). Compared with model group, 8-O ASME, Log A
and Lut extremely significantly reduce the expression of Col-IV (P <
0.01). Log A, Log and Lut dramatically decrease the PC-III expression (P
< 0.05). SME, Log, Log A and Lut sharply dwindle the LN expression (P
< 0.05). SME, 8-O ASME, Log and Lut substantially lessen the expression
of a-sma (P < 0.05). In addition, LH diminished the secretion of LN, Col-
IV, PC-III and a-sma in a dose-dependent manner, and the high dose

group (LH-H) showed eminently considerable differences (Fig. 7-A).
Therefore, the high-dose group was selected for subsequent qRT-PCR
experiments.

3.5. Mechanism of LH inhibiting HSC-T6 activation induced by TGF-f};

To explore the mechanism of action of LH and its chemical constit-
uents in alleviating LH, the gene expression levels of HO-1, NQO-1, IL-6,
IL-18, COL3A1 and COL1A1 were detected by qRT-PCR in the same cell
model.

The results demonstrated that, compared to the control group, the
model group exhibited a marked down-regulation of gene expression for
NQO-1 and HO-1 (P < 0.01). Among the five chemical components
tested, both SME and Lut displayed a remarkable ability to enhance the
gene expression of HO-1 (P < 0.01), while all five components were
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significantly up-regulated on HO-1 gene expression. Compared with the
monomeric components, LH increased the gene expression of NQO-1
and HO-1 more significantly (Fig. 7-B).

In the gene expression assay of IL-18 and IL-6, the gene expression of
model group was significantly higher than that of control group (P <
0.01). SME and Lut could substantially reduce the gene expression of IL-
18 (P < 0.05), while 8-O ASME, Log, Log A and Lut could greatly
decrease the gene expression of IL-6 (P < 0.05). The gene expression of
IL-6 and IL-18 was enormously down-regulated by LH, exhibiting a su-
perior effect compared to the monomer group (P < 0.01) (Fig. 7-C).

Compared to the control group, the model group exhibited a great
upregulation in gene expressions of COL1A1 and COL3A1 (P < 0.01).
Treatment with Lut resulted in a significant reduction in COL1A1 gene
expression (P < 0.05), and SME and Lut significantly decreased gene
expression of COL3A1 (P < 0.05). LH can markedly down-regulate the
gene expression of COL1A1 and COL3A1, and the effect is better than
that of monomer administration group (P < 0.01) (Fig. 7-D).

3.6. HE staining result

In the control group, hepatocytes were polygonal with round nuclei
centrally located within the cells. Hepatic cords were arranged radially
around the central vein, while maintaining a uniform hepatic sinusoidal
space. No inflammatory cell infiltration or hepatocyte necrosis was
found in the tissue, and the morphological structure of the tissue was
normal. In the model group, a significant presence of venous congestion
was observed in the liver tissue, along with pronounced connective
tissue hyperplasia in the central vein and portal area, resulting in fibrous
bridging, accompanied by a large number of lymphocyte infiltration.
Hepatocytes showed punctate necrosis, karyopyknosis, microvacancy in
the cytoplasm, and hepatocyte steatosis. Compared with the model
group, the areas of hepatocyte and hepatic sinusoidal capsule hyper-
plasia, connective tissue hyperplasia and lymphocyte infiltration in the
central vein and portal area, steatosis, and venous congestion area were
reduced in each treatment group. LH reduced the LF area in a dose-
dependent manner, and the effect of LH-H and SME was more signifi-
cant, similar to that of the control group (Fig. 8).

4. Discussion

LF is a diffuse excessive deposition of extracellular matrix in the liver
caused by viral infections, lipid accumulation, cholestasis and other
exogenous factors. It represents a complex pathophysiological process
underlying various liver diseases [3]. TCM shows promise for LF man-
agement due to its multi-component and multi-target treatment
approach. However, since therapeutic effects can only be exerted by
TCM components absorbed into the bloodstream, this study aims to
elucidate the bioactive components of LH in LF treatment by analyzing
its constituents and their absorption into the bloodstream.
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The article identifies 50 compounds in the water extract of LH,
including 19 phenylpropanoids, 20 iridoids, 9 flavonoids and 2 other
compounds. Among these compounds, 11 iridoids and 1 flavonoid
compound entered the blood as prototypes, which is related to the
special structure of iridoid, rich hydroxyl group and special terpenoid
structure to make it have higher bioavailability [19]. Following intes-
tinal absorption, these compounds enter the hepatic portal vein through
capillaries. However, phenylpropanes are not detected in blood samples
due to their susceptibility to first-pass metabolism which limits their
systemic circulation [20]. After entering the hepatic circulation via the
hepatic portal vein, compounds will undergo one-phase metabolism
under the action of enzyme metabolism, while compounds with poor
water solubility require two-phase metabolism, combine with endoge-
nous binders and then be excreted. This observation may explain why
metabolites of iridoids primarily undergo one-phase metabolism while
flavonoid metabolites predominantly involve two-phase metabolism
such as glucuronidation [21,22].

The migrating components of the prototype and the metabolism in
blood were selected as the research subjects for network pharmacology
analysis. Experiment results demonstrated that the key active in-
gredients in LH include Lut, geniposide, Log A, Log, 8-O-ASME and SME.
These ingredients primarily target inflammation, oxidative stress, and
matrix metalloproteinases. Notably, certain metabolites were also
associated with multiple targets, such as the sulfatation and glucur-
onidation products of Lut, and oxidation products of Log. SME alleviates
depression by inhibiting LPS-induced upregulation of inflammatory
factors in BV2 cells through regulation of the SOCS1/JAK2/STAT3
signaling pathway [23]. 8-O ASME can block the activation of microglia,
relieve the phosphorylation of JNK, NFKB and TNF to inhibit anxiety,
and regulate Nrf/HO-1 pathway by interfering with NLRP3-mediated
inflammatory response, thus alleviating anxious insomnia caused by
oxidative stress [24]. Log alleviated the progression of nonalcoholic
steatohepatitis by blocking the formation of apoptosis-related proteins
containing the caspase recruitment domain and disrupting the assembly
of the NLRP3 inflammasome complex [25]. Log A attenuates the
expansion of MnSOD, reduces the expression of ROS, inhibits the inac-
tivation of MMP-9/2, and ultimately prevents epithelial mesenchymal
transformation (A key pathway for myofibroblast production) [26].
Studies have shown that Lut can reduce ethanol-induced phosphoryla-
tion of SREBP protein and reduce AMP protein kinase, consequently
improving lipid accumulation and overexpression of related genes in the
liver, thus blocking the progression from alcoholic fatty liver to LF [27].
Studies have found that luteolin-7-O-glucuronide can be absorbed by the
liver and reduce the expression of inflammatory factors in liver cells
[28].

Based on the results of KEGG enrichment analysis, it was found that
these compounds mainly regulate LF through PI3K-Akt signaling
pathway, Ras signaling pathway and FoxO signaling pathway. PI3K-Akt
signaling pathway can be activated by inflammatory factors,

Control Model

P-Control SME

8-O ASME LH-L

LH-H

LH-M

Fig. 8. HE staining results of rat liver tissue.
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chemokines, growth factors and other signaling factors, participating in
the response of cells to cell signals, promoting metabolism, proliferation,
cell survival, growth and angiogenesis and other processes. Zhan et al.
found that the total flavonoids in LH could reverse the changes of PI3K,
p-Akt, p-Bad, Bcl-xL and Bcl-2 levels in ankle synovium of rats with
rheumatoid arthritis. By inhibiting the level of IL-6 and IL-17 protein,
the PI3K/Akt/Bad signaling pathway is inhibited to regulate apoptosis
in the treatment of rheumatoid arthritis [5]. Although network phar-
macological predictions indicate that most iridoid terpenes are key
components regulating these signaling pathways, less research has been
reported on their treatment of LF. Therefore, we analyzed their possi-
bility to treat LF. Their effects, especially 8-O ASME and SME, on
neurological disorders such as anxiety and depression have been
confirmed [5]. The gut-liver-brain axis plays an irreplaceable role in the
development of various diseases. Changes in glycolysis induced by
depression also play a role in the phenotypic transformation of HSCs. In
addition, the bacterial diversity and systemic inflammation caused by
hepatic encephalopathy will promote LF progression [29].

Geniposide, as one of the active ingredients predicted by network
pharmacology, was found to be able to act on multiple targets, but in
another of our studies, geniposide failed to appear in every batch and
origin [11]. Apart from this, although some metabolites can be associ-
ated with multiple targets, we cannot accurately determine the config-
uration of these isomers, and configuration and efficacy are closely
related, so we did not select these compounds for subsequent experi-
ments. Therefore, we chose Lut, Log A, Log, 8-O ASME and SME as
research objects for subsequent experimental verification. IL-6, IL-18,
HO-1 and NQO-1 have higher degree values and are involved in the
regulation of multiple pathways.

Persistent oxidative stress, resulting from an imbalance between ROS
production and antioxidant scavenging, is a critical mechanism in the
progression of LF [30]. ROS can activate HSCs through histone modifi-
cation, gene silencing and DNA methylation, leading to extracellular
matrix (ECM) secretion, particularly type I collagen deposition, thereby
exacerbating LF [31]. HO-1 and NQO1, key enzymes involved in ROS
detoxification, are upregulated when Nrf2 activation is uncoupled from
Keapl [32]. In our study, we observed that LH and its monomeric
components upregulate the expression of HO-1 and NQO-1, which may
be related to the activation of Nrf2. Previous experiments have also
demonstrated the ability of LH components to activate Nrf2, thereby
reducing oxidative stress-induced injury by attenuating neuronal
apoptosis and ameliorating cognitive impairment [24,33].

In addition, the lack of Nrf2 results in increased IKKp activity, which
promotes the phosphorylation and degradation of IkBa, subsequently
activating NF-kBp50 to enter the nucleus [34]. Activation of NF-xB can
enhance the transcription of IL-18 precursor and secretion of IL-6,
thereby exacerbating inflammation [35]. These pro-inflammatory fac-
tors stimulate surrounding HSCs to activate and induce excessive ECM
deposition [2]. Our study confirmed that LH and its monomer reduced
IL-18 and IL-6 secretion through potential mediation of the Nrf2/NF-xB
cascade. This led to a significant reduction in collagen secretion and
other ECM-related proteins due to improved oxidative stress and
inflammation levels.

Although the inhibitory effect of LH and its monomer on HSC acti-
vation has been demonstrated in vitro, it is essential for the drug to reach
a certain threshold of absorption in order to exert its pharmacological
efficacy. We confirmed that LH and its monomer components SME and
8-O ASME could significantly reduce collagen area and fibrous bridging
in liver tissue by gavage administration of human equivalent dose of LH
to rats.

The results presented here provide evidence for the chemical com-
ponents associated with the pharmacological properties of LH in the
treatment of LF and offer preliminary insights into its mechanism of
action. Subsequently, we will verify these active ingredients in vivo and
investigate whether the index components 8-O ASME and SME in LH can
produce the same mechanism of action as predicted in complex
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organisms. These research results will serve as fundamental data for
establishing and improving the quality standard of LH, while also
providing a theoretical basis for further exploration of its active in-
gredients and clinical effects.

5. Conclusion

Lut, SME, Log A, Log and 8-O ASME are the effective active in-
gredients of LH in the treatment of LF, and they may improve LF by
mediating Nrf2/NF-«xB pathway to exert antioxidant and anti-
inflammatory effects and inhibit ECM production.
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