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Abstract

The main objective of this study was to preliminarily analyze the major flavonoid and
phenolic acid components of the ethanolic extract of Gerbera delavayi Franch (E-GDF),
and to evaluate its anti-inflammatory and antioxidant properties in lipopolysaccharide
(LPS)-stimulated murine macrophage RAW264.7 cells and systemic inflammation mouse
models. Results indicated that E-GDF was rich in flavonoids (16.35 &+ 0.19 mg RT/g
d.w. Plant Material) and polyphenolic compounds (36.15 + 0.20 mg GAE/g d.w. Plant
Material). LC-MS analysis of E-GDF revealed that its major flavonoid components included
kaempferol glycosides, luteolin, and their glycosylated derivatives, while its phenolic acids
were predominantly chlorogenic acid, caffeic acid, ferulic acid, and their corresponding
glycosides. E-GDF exhibited good antioxidant activities, including the scavenging of DPPH,
ABTS, *OH, and O,°*~ radicals. E-GDF treatment significantly inhibited the production
of ROS and inflammatory mediators (NO, IL-6, TNF-«) in LPS-stimulated macrophages
(RAW 264.7), while concurrently down-regulating the mRNA expression of COX-2, IL-1f3,
Caspl, and GSDMD-1. In addition, in vivo experiments revealed that E-GDF treatment
effectively reduced the serum LPS, AST levels, as well as hepatic TNF-«, IL-6 levels in
mice with LPS-induced acute liver injury. Furthermore, E-GDF significantly ameliorated
LPS-induced liver pathological damage. These results provide a basis for G. delavayi as a
potential antioxidant, anti-inflammatory, and hepatoprotective herbal medicine.

Keywords: Gerbera delavayi Franch; LC-MS; antioxidant; anti-inflammatory; acute liver
injury; macrophages; RAW264.7 cells; Nitric oxide

1. Introduction

Inflammation is a complex physiological and pathological response of vascularized
tissues to endogenous or exogenous injurious stimuli. Its fundamental pathological al-
terations include degeneration, exudation, and hyperplasia of local tissues, which are
clinically manifested by the classic signs of redness, swelling, heat, and pain [1]. Inflam-
mation can be initiated by diverse factors, such as pathogens, irritants, and damaged
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cells [2]. Lipopolysaccharide (LPS), a component of the outer membrane of Gram-negative
bacteria, is a potent immunostimulant. Upon host infection, LPS is released following
bacterial disintegration and elicits broad inflammatory responses. Once introduced into
the body, LPS stimulates multiple cell types, including neutrophils, macrophages, and
vascular endothelial cells, to synthesize and release various inflammatory cytokines. Key
factors such as IL-13, IL-6, and TNF-« play central roles in this process. These mediators
promote increased vascular permeability, fluid exudation, and lymphocyte migration to
inflammatory sites, ultimately manifesting as systemic immune stress.

The liver is a vital metabolic organ in the human body. Liver injury can be caused
by various factors, including viruses, alcohol, and endotoxins [3], and LPS can further
exacerbate the degree of liver injury by activating a variety of inflammatory pathways [4].
In recent years, it has been found that oxidative stress and inflammation are key drivers
in the onset and progression of liver diseases [5]. During oxidative stress injury, cells
release inflammatory mediators such as IL-6, IL-13, and TNF-«, further exacerbating
liver injury [6].

Macrophages are crucial innate immune cells that are widely distributed throughout
various organs and tissues. They play a key role in host defense and are involved in
numerous pathophysiological processes [7]. The LPS-induced inflammatory response
in murine macrophage RAW264.7 cells is a widely used in vitro model for studying the
anti-inflammatory activities of plant extracts [8].

Gerbera delavayi Franch (G. delavayi, GDF), is a plant belonging to the genus
Gerbera (family Asteraceae). It primarily grows in the Hengduan Mountains region,
specifically in southern Yunnan Province and Sichuan Province, China. GDF is used in
Yi folk medicine to treat ailments such as abdominal pain and asthma. As a type of eth-
nomedicinal plant primarily employed in the Yi-populated regions of China, GDF has
received limited scientific attention to date [9]. Previous investigations have demonstrated
that members of the Asteraceae family are rich in coumarins, sesquiterpene lactones, and
other bioactive constituents [10-12] and exhibit broad pharmacological activities, including
anti-inflammatory [13], anti-proliferative [14], anti-asthmatic [15], anti-obesity [16], and
vasorelaxant effects [17]. These findings provide a compelling scientific rationale for the
in-depth study of Gerbera species.

In the present study, the flavonoids and phenolic acids in the G. delavayi extract were
systematically profiled via LC-MS. Furthermore, the antioxidant and anti-inflammatory
activities of the extract and its hepatoprotective effect against LPS-induced acute liver injury
in mice were comprehensively evaluated through both in vitro and in vivo experiments.

2. Materials and Methods
2.1. Materials and Reagents

All chemical reagents and assay kits used in this study were obtained from
commercial suppliers.

Specifically, Gallic acid, Folin-Phenol, Rutin, Aluminum trichloride, 1,1-diphenyl-2-
trinitrophenylhydrazine (DPPH), 2,2-biazobis (3-ethyl-benzothiazole-6-sulfonic acid) di-
ammonium salt (ABTS), and Potassium persulfate were purchased from Genye
Biologicals (Suzhou, China). DMEM medium was acquired from Gibco (Grand Island,
NY, USA). LPS (Escherichia coli serotype O55:B5) was obtained from Sigma (St. Louis, MO,
USA). Fetal bovine serum (FBS) was sourced from Sijiqing (Hangzhou, China). Anhydrous
ethanol, anhydrous sodium carbonate, and Dimethyl sulfoxide (DMSO) were procured
from Cologne Chemical (Chengdu, China). Ultra-purified water was obtained using a Milli-
Q Synthesis System (Millipore, Burlington, MA, USA).The All-in-one 1st Strand cDNA
Synthesis SuperMix (with gDNA Purge) was supplied from Toyobo (Osaka, Japan)). Mouse
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IL-6 and TNF-« ELISA kits were provided by RuiXin Biotech (Guangzhou, China). Nitric
oxide (NO), alanine aminotransferase (ALT), and aspartate aminotransferase (AST) assay
kits were purchased from Nanjing Jiancheng Bioengineering Institute (Nanjing, China).
Cell Counting Kit-8 (CCK-8), BCA protein assay kit, and RIPA lysis buffer were obtained
from Beyotime Biotechnology (Shanghai, China). TRIzol reagent was procured from Omega
Bio-Tek (Norcross, GA, USA).

2.2. Preparation of Ethanolic Extract of Gerbera delavayi Franch (E-GDF)

G. delavayi was collected in Xichang City, Sichuan Province, China [28°07'05.9127" N,
102°17'08.0247" E (GCJ-02 datum), 2012 m a.s.1.], and identified by Associate Professor Lixia
Li, a taxonomist who has specialized in medicinal-plant identification for more than ten
years. Following the protocol of He et al. for Gerbera anandria, 75% ethanol was employed
as the solvent [18]. The shade-dried plant material was pulverized and 200 g of the powder
was extracted with 10 BV 75% ethanol under reflux for 1 h for three times. The combined
filtrates were concentrated under reduced pressure to yield an extract of 12.2 g. The extract
was freeze-dried and retained at —20 °C until use. Working solutions were prepared
immediately before use.

2.3. Determination of Total Polyphenol Content and Total Flavonoid Content
2.3.1. Total Polyphenol Content

The total polyphenol content (TPC) in E-GDF was determined using the
Folin—Ciocalteu method with gallic acid equivalents (GAE) as the standard [19]. A standard
curve was constructed by adding aliquots (0-1.5 mL) of gallic acid solution (500 pg/mL)
to test tubes, followed by the addition of 1.0 mL Folin—Ciocalteu reagent and 2.0 mL of
12% sodium carbonate solution. The mixture was diluted to 4 mL with deionized water,
incubated at 25 °C for 2 h in the dark, and the absorbance was measured at 760 nm against
a blank. For sample analysis, 200 mg E-GDF/mL was processed identically. The TPC was
calculated based on the measured absorbance and the standard curve.

2.3.2. Total Flavonoid Content

The total flavonoid content (TFC) in E-GDF was determined using the colorimetric
method with rutin (RT) as the standard [20]. A standard curve was prepared by adding
aliquots (0.1-1.0 mL) of RT solution (0.3 mg/mL) to 10 mL volumetric flasks, followed by
the addition of 1.0 mL of 60% ethanol, 0.5 mL of 5% sodium nitrite, 0.5 mL of 10% aluminum
nitrate, and 4.0 mL of 4% sodium hydroxide. After standing for 15 min, absorbance was
measured at 510 nm. For sample analysis, 200 mg E-GDF/mL was processed identically,
and TFC was calculated based on the standard curve.

2.3.3. Detection of Non-Targeted Metabolites of E-GDF in Positive and Negative Ion Mode
by the LC-MS Method

Liquid chromatography-mass spectrometry (LC-MS) was employed to quantify and
simultaneously analyze the flavonoid and phenolic acid constituents of E-GDEF. Briefly,
100 uL of E-GDF was aliquoted into a 1.5 mL EP tube, mixed with 300 pL of 95% methanol
(LC-MS Grade, Sigma-Aldrich, St. Louis, MO, USA), vortexed for 30 s, and centrifuged
at 17,000 rpm and 20 °C for 10 min. The supernatant was transferred to an injection vial
for LC-MS analysis. Chromatographic separation was performed on a Waters ACQUITY
UPLC HSS T3 column (100 mm x 2.1 mm, 1.8 pm, Waters Corporation, Milford, MA,
USA) maintained at 40 °C. The mobile phase consisted of 0.1% formic acid in water (A) and
0.1% formic acid in acetonitrile (B). The gradient elution program was set at a
flow rate of 0.4 mL-min~! as follows: 5-10% B (0-2.5 min), 10-40% B (2.5-14 min),
40-95% B (14-24 min), 95% B (2427 min), 95-5% B (27-27.1 min), and 5% B (27.1-30 min).
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The injection volume was 4 pL. Mass spectrometric detection was conducted using an
AB Sciex TripleTOF 5600 system with an electrospray ionization (ESI) source operating in
positive and negative ion modes with MSE continuous acquisition. Primary and secondary
spectra were acquired based on the information-dependent acquisition (IDA) mode. Each
cycle collected the top 15 precursor ions exceeding an intensity threshold of 100, within
a mass range of 50-1200 Da. Collision energy was set to 30 eV. ESI parameters were as
follows: nebulizing gas (GS1), 60 psi; auxiliary gas, 60 psi; curtain gas, 35 psi; temperature,
550 °C; ion spray voltage, 5500 V (positive) or 4500 V (negative).

2.4. Antioxidant Activity Assays
2.4.1. DPPH Radical Scavenging Activity

The DPPH radical scavenging assay was performed according to a published protocol
with minor modifications [21]. Briefly, 50 uL of E-GDF (20 mg/mL) was mixed with 150 puL
of DPPH solution (0.08 mg/mL in anhydrous ethanol). A control group (50 uL of E-GDF
with 150 pL anhydrous ethanol) and a negative control (50 uL anhydrous ethanol with
150 uL DPPH solution) were also prepared. All mixtures were incubated at room temper-
ature in the dark for 30 min. Ascorbic acid at an equivalent concentration served as the
positive control and was processed similarly. Absorbance was measured at 517 nm. The
DPPH scavenging activity was calculated using the following formula:

Al — A2

DPPH scavenging activity(%) =1 — A0 A2

% 100% 1)
where Al is the absorbance of the sample, A2 is the absorbance of the control group, and
AQ is the absorbance of the negative control group.

2.4.2. ABTS Radical Scavenging Activity

The ABTS radical scavenging assay was conducted according to a published protocol
with minor modifications [21]. The ABTS™ working solution was prepared by mixing 10 mL
of 7 mM ABTS solution with 10 mL of 2.45 mM potassium persulfate, followed by reaction
in the dark at room temperature for 6 h. The solution was then diluted approximately
55-fold with anhydrous ethanol to achieve an absorbance of 0.70 4 0.02 at 734 nm. For
the assay, 20 pL of E-GDF (20 mg/mL) was mixed with 150 pL of ABTS* solution as the
test group. The control group contained 20 pL of E-GDF and 150 puL anhydrous ethanol,
and the negative control consisted of 20 uL anhydrous ethanol and 150 uL. ABTS™ solution.
Ascorbic acid at the same concentration was used as the positive control and processed
identically. After 6 min of incubation, absorbance was measured at 734 nm. The ABTS
radical scavenging activity was calculated using the following formula:

Al — A2

ABTS scavenging activity (%) =1 — 20— AD

x 100% (2)
where Al is the absorbance of the treatment group, A2 is the absorbance of the control
group, and A0 is the absorbance of the negative control group.

2.4.3. Hydroxyl Radicals Scavenging Activity

The hydroxyl radical scavenging capacity of E-GDF was evaluated according to a
published protocol with minor modifications [22]. Briefly, 1 mL of E-GDF (20 mg/mL) was
mixed with 1 mL of 9 mmol/L FeSOy, 1 mL of 9 mmol/L salicylic acid in ethanol, and 1 mL
of 8.8 mmol/L H,O,. The mixture was incubated at 37 °C for 30 min, and absorbance was
measured at 510 nm. Ascorbic acid at the same concentration served as the positive control.
The hydroxyl radical scavenging activity was calculated using the following formula:
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hydroxyl radical scavenging activity(%) = 1 — A)(A_ixgod x 100% 3)
where Ax0 is the absorbance of the mixture (without sample), Ax is the absorbance of the

sample, and Axl1 is the absorbance of the mixture (without sample and H,O,)

2.4.4. Superoxide Radicals Scavenging Activity

The superoxide radical scavenging activity was assessed as follows [23]: 1 mL of
E-GDF (20 mg/mL) was mixed with 2.0 mL of 0.1 mol/L Tris-HCI buffer (pH 8.2) and
0.4 mL of 6.0 mmol/L pyrogallol. After incubation at 25 °C for 5 min, the reaction was
terminated by adding 0.8 mL of 10 mmol/L HCIl. Absorbance was measured at 420 nm.
Ascorbic acid at the same concentration served as the positive control. The scavenging
activity was calculated using the following formula:

Ax — Ax1
superoxide radicals scavenging activity (%) = 1 — XTXOX x 100% 4)
where Ax0 is the absorbance of the mixture (without sample), Ax is the absorbance of the
sample, and Ax1 is the absorbance of the mixture (without sample and pyrogallol)

2.5. In Vitro Cellular Experiments
2.5.1. Cell Culture

The stock solution (0.2 g/mL crude drug) was diluted with distilled water to obtain
working concentrations of 10, 50, 100, 200, and 400 pg/mL. All solutions were filtered
through 0.22 um micropore filters for sterilization and stored at —20 °C for future use.

Mouse RAW264.7 macrophages (ATCC: TIB-71; Typical Culture Collection Committee
Cell Bank, Chinese Academy of Sciences) were cultured in DMEM medium supplemented
with 10% fetal bovine serum (FBS) at 37 °C in a 5% CO, humidified incubator.

2.5.2. Cell Viability Assay

RAW264.7 cells in the logarithmic growth phase (100 pL) were seeded into 96-well
plates at 1 x 10* per well and allowed to adhere. The following groups were established,
each with six replicate wells: a blank control group, a vehicle group, and 5 E-GDF treatment
groups (final concentrations: 10, 50, 100, 200, and 400 ng/mL). After cell attachment, the
medium was replaced with 100 uL. of DMEM for the blank control, 100 puL of 0.1% DMSO
for the vehicle group, or 100 pL of the corresponding concentration of E-GDF for the
treatment groups. Following 8 h of incubation, 100 puL of CCK-8 reagent was added to each
well, and the plates were further incubated for another 2 h. Absorbance was measured at
450 nm, and the cell viability of each group was calculated as follows:

cell viability (%) = Ei;:f:g; x 100% )
where AOQ is the absorbance of the blank control group, Al is the absorbance of the E-GDF
group, and A2 is the absorbance of the vehicle group.

2.5.3. Nitric Oxide (NO) Assay

The grouping and treatments in the NO assay were identical to those described previ-
ously (2.5.2). After the cell adherence to the wall, the medium was replaced with 100 uL of
DMEM for both the blank control and the model group, and 100 pL of the viral concentra-
tion of E-GDF in the E-GDF groups. After an additional 2 h incubation, the blank control
group received additional DMEM, while the model and E-GDF groups were stimulated

https:/ /doi.org/10.3390/antiox15010143


https://doi.org/10.3390/antiox15010143

Antioxidants 2026, 15, 143

6 of 19

with LPS. All groups were then incubated for another 24 h. Cell culture supernatants were
collected, and NO content was measured according to the manufacturer’s kit instructions.

2.5.4. Reactive Oxygen Species (ROS) Assessment

Cell grouping and experimental treatments were performed as outlined in Section 2.5.2.
Following the treatment period, cell culture supernatants were collected, and intracellular
ROS levels were detected using flow cytometry. The proportion of ROS-positive cells in the
control group was normalized to 100%.

2.5.5. Cytokine Concentrations Assay

Cell grouping and experimental treatments were conducted as described
in Section 2.5.3. After treatment, cell culture supernatants were collected, and the lev-
els of TNF-a and IL-6 were measured using commercial ELISA kits according to the
manufacturer’s instructions.

2.5.6. RNA Extraction and Real-Time PCR

Cell grouping and experimental treatments were performed as described in Section 2.5.3.
After treatment, cells were harvested for further analysis. Total RNA was extracted using
TRIzol reagent and quantified with a NanoDrop 2000 system. Reverse transcription and
real-time PCR were performed in strict accordance with the manufacturers’ protocols using
the designated kits on an ABI PCR system. The thermal cycling conditions were set as
follows: initial denaturation at 95 °C for 3 min; 39 cycles of denaturation at 95 °C for 10 s
and annealing/extension at 60 °C for 30 s; followed by a melt curve stage with incubation
at 95 °C for 15 s and 63 °C for 30 s, during which fluorescence was measured at 0.05 °C
increments from 55 °C to 95 °C. The mRNA expression levels of GSDMD, Caspl, IL-1f3,
and COX-2 were analyzed using the 224t method, with B-actin serving as the internal
reference (Table 1).

Table 1. Primers used for quantitative reverse transcription polymerase chain reaction for the analysis
of inflammatory gene expressions.

Genes Gene ID Primers Amplicon Size (bp)
/_ _a/
Ap ONMOSSLE Rl 5 TGATGTGCTGCTGCGAGATY 138
GIDMDL XMLO2IS IR A CCAAGAGCGGAACTCAGY o0
Copt Nwomsr2  RIOE S acCAGGTAGOAGTCTTC S 110

2.6. Animal Experiment
2.6.1. Experimental Design

Fifty male ICR mice (4 weeks of age, weighing 18-22 g) were kept under a controlled
environment with a temperature of 23 £+ 2 °C, humidity of 50 £ 10%, and a 12/12 h
dark/light cycle. They fed normal mouse chow and water ad libitum. After 5 days of
acclimatization, mice were divided into 5 groups randomly: the blank control group, the
model group, and three E-GDF treatment groups, with 10 mice in each group. Mice in
E-GDF treatment groups were gavaged with 50, 100, and 200 mg/kg of the E-GDF once
daily for consecutive 7 days, respectively, while mice in the blank and the model control
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group received an equivalent volume of saline. Throughout the experiment, mice were
observed closely for body weight, food and water intake, fur color and sheen, signs of
congestion, mental status, and mortality. All experimental procedures were approved by
the National Standard Guidelines for Ethical Review of Animal Welfare (GB/T 35892-2018).

After 2 h of administration on day 7, mice in the E-GDF groups and the model group
were injected intraperitoneally with 5 mg/kg of LPS, and the blank control group was
injected intraperitoneally with an equal amount of saline. After 6 h of intraperitoneal
injection of LPS, sampling was performed, and the animals were anesthetized by intraperi-
toneal injection of tribromoethanol (300 mg/kg, Sigma-Aldrich, St. Louis, MO, USA).
After quickly removing the eyeballs, blood was collected into anticoagulant-free tubes,
allowed to clot for 30 min at room temperature, then centrifuged at 3000 rpm for 10 min
at 4 °C. Serum was collected and stored at —80 °C until analysis. The abdominal cavity
was then opened, and the liver was rapidly resected and weighed after removing the fat.
A portion of the liver was rinsed with PBS and fixed in 4% paraformaldehyde for histologi-
cal processing, and the remainder was used to prepare tissue homogenates. The liver tissue
was homogenised (1 g liver in 9 mL ice-cold saline) on ice to yield 10% (w/v) homogenates,
which were then centrifuged at 5000 rpm for 10 min at 4 °C, and the supernatants were
collected for further analyses.

2.6.2. Liver Index

The final body weights of the mice and the weights of the livers were measured, and
the liver index was calculated according to the following formula:
liver mass

Liver index (%) = niouse body weight x 100% (6)

2.6.3. Biochemical Analysis and Cytokine Concentrations Assay of Serum

Serum alanine aminotransferase (ALT) and aspartate aminotransferase (AST) levels
were measured using Jasco International Co., Ltd. (Tokyo, Japan) with commercially
available assay kits, following the manufacturer’s instructions, to assess liver damage.
TNF-« and IL-6 were detected in serum using an enzyme-linked immunosorbent assay kit
according to the manufacturer’s instructions (Quanzhou Ruixin Biotechnology Co., Ltd.,
Quanzhou, China) and analyzed using a Multiskan FC enzyme labeler (Thermo Fisher
Scientific, Inc., Waltham, MA, USA).

2.6.4. Cytokine Concentrations Assay of Liver

TNEF-oc and IL-6 levels in the liver homogenate were determined using the same ELISA
protocol described above.

2.6.5. Histopathology Assay

Small pieces of liver tissue were fixed in 4% paraformaldehyde for 24 h, dehydrated
through graded ethanol, embedded in paraffin wax, and cut into sections of 4 pm thickness.

Sections were stained with hematoxylin and eosin and were digitized at 400x using a
V5200 whole-slide scanner (Evident Corporation, Tokyo, Japan). Histopathological damage
of the liver was evaluated from the acquired images. Analyzed pathologically under
a microscope.

2.7. Data Analysis

Experimental data were expressed as mean =+ SD. Statistical analyses were carried out
with GraphPad Prism 9.0 software (GraphPad Software LLC, San Diego, CA, USA), and
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comparisons between the two groups were performed using one-way ANOVA. Differences
were considered statistically significant when p < 0.05.

3. Results
3.1. Polyphenol and Flavonoid Content of E-GDF

Dried plant powder (200 g) afforded 12.2 g of crude extract (6.1% yield), which was
used in all subsequent assays.

Hanh et al. [24] studied the chemical composition of Leontopodium leontopodioid
(L. leontopodioid), which is in the same family of Asteraceae as G. delavayi, and showed that
the main chemical substances of L. leontopodioid include flavonoids and polyphenols. In this
study, the total phenolic content of the extract was determined using the Folin—Ciocalteu
method with gallic acid as a control, and the total flavonoid content was determined using
a colorimetric method with rutin as a control. And the results showed that the extract
contained 36.15 £ 0.20 mg GAE/g of total phenols and 16.35 £ 0.19 mg RT/g of total
flavonoids (Table 2).

Table 2. Total phenolic and flavonoid content of E-GDF.

Plant Extract Total Polyphenols Content Total Flavonoids Content
(mg GAE/g d.w. Plant Material) (mg RT/g d.w. Plant Material)
E-GDF 36.15+0.20 16.35 £ 0.19

3.2. Results of LC-MS Analysis of E-GDF

Non-targeted metabolite detection in positive- and negative-ion modes was carried
out by LC-MS, and it was found that E-GDF contained a large number of flavonoids and
polyphenols, so the flavonoids and polyphenols were enumerated according to each of the
two positive and negative ion modes as the constituents that contained more of them. As
shown in Tables 3 and 4, more than 30 flavonoid constituents were detected in the negative
ion mode, including Kaempferol-3-O-rutinoside, Luteolin 7-glucoside, Luteolin, Datiscetin-
3-O-rutinoside, Isosakuranin, 5-Demethylnobiletin, Apigenin, Rhoifolin, Apigenin-6-C-
glucoside-7-O-glucoside, and 8-Prenylnaringenin. And Phenols compounds included,
3-Hydroxyphenylacetic acid, Hydroxy Ferulic Acid, o-Cresol, Sinapyl alcohol, p-cresol, and
4-Hydroxy-2' 4',6'-trimethoxychalcone. A total of more than 40 flavonoids were detected
in the positive ion mode, of which ten in descending order of content were Luteolin-4"-O-
glucoside, Kaempferol-7-O-beta-D-glucopyranoside, Kaempferol-3-O-rutinoside, Luteolin,
Karanjin, Glabranine, Apigenin-7-O-glucoside, Quercetin 3-O-alpha-rhamnopyranoside,
Rhoifolin, Vitexin. And phenolics including Chlorogenic Acid, 4,5-Dicaffeoylquinic acid,
1,2,3-trihydroxybenzene, Homovanillic acid, Phloroglucinol, Aloe-emodin, 6-Gingerol,
4-Hexylresorcinol, Caffeic Acid, and 3-Hydroxyphenylacetic acid. This is similar to the
results of previous compositional analyses of extracts from Asteraceae plants [25-28]. It
indicates that the E-GDF contains abundant flavonoid and phenolic components, which
may possess good anti-inflammatory and antioxidant activities, providing a certain material
basis for anti-inflammatory and antioxidant effects in both in vitro and in vivo studies.

3.3. In Vitro Antioxidant Results

E-GDF is rich in polyphenols and flavonoids, which are hypothesized to have a certain
antioxidant effect. In this experiment, using ascorbic acid as the control, the scavenging
effect of E-GDF on the DPPH radical, ABTS, *OH radical, and O,°*~ radical was assessed.
The results are shown in Table 5, it shows that the ability of the extract to scavenge DPPH,
*OH, and O,°*~ is significantly lower than that of reference substances, and the extract’s
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ability to scavenge the ABTS free radicals is ability was comparable to that of the reference
substance. The ICsy values of E-GDF against the DPPH radical, ABTS radical, *OH radical,
and O,°~ radical were 12.9 mg/mL, 8.0 mg/mL, 3.2 mg/mL, and 15.7 mg/mL, respectively.

These results suggested that E-GDF has a certain antioxidant capacity.

Table 3. Flavonoid and polyphenol composition of E-GDF in negative ion mode.

Class Title Area Formula Superclass
Flavonoids Kaempferol-3-O-rutinoside 1,024,976.0 CoyH30015 Phenylpropanoids and polyketides
Flavonoids Luteolin 7-glucoside 784,785.1 Cp1Hp0011 Phenylpropanoids and polyketides
Flavonoids Luteolin 205,475.8 C15H190¢ Phenylpropanoids and polyketides
Flavonoids Datiscetin-3-O-rutinoside 194,335.5 CyyH30015 Phenylpropanoids and polyketides
Flavonoids Isosakuranin 163,102.3 CyH4019 Phenylpropanoids and polyketides
Flavonoids 5-Demethylnobiletin 145,882.1 CyoHy9Og Phenylpropanoids and polyketides
Flavonoids Apigenin 120,222.9 Cy5H100s5 Phenylpropanoids and polyketides
Flavonoids Rhoifolin 109,303.2 Co7H39014 Phenylpropanoids and polyketides
Flavonoids Apigenin-6-C-glucoside-7-O-glucoside 91,202.4 Cyo7H39015 Phenylpropanoids and polyketides
Flavonoids 8-Prenylnaringenin 83,827.2 CooHp0Os5 Phenylpropanoids and polyketides
Phenols 3-Hydroxyphenylacetic acid 732,799.1 CsHgOs Benzenoids
Phenols Hydroxy Ferulic Acid 398,804.3 Cy0H100s5 Phenylpropanoids and polyketides
Phenols o0-Cresol 78,590.8 CyHgO Benzenoids
Phenols Sinapyl alcohol 77,982.2 C11H1404 Benzenoids
Phenols p-cresol 60,442.5 CyHgO Benzenoids
Phenols 4-Hydroxy-2' 4’ 6/-trimethoxychalcone 40,385.5 C18H1505 Phenylpropanoids and polyketides
Phenols 4-Hydroxy-3-methoxymandelate 25,971.8 C9oH;9O5 Benzenoids
Table 4. Flavonoid and polyphenol composition of E-GDF in positive ion mode.
Class Title Area Formula Superclass
Flavonoids Luteolin-4'-O-glucoside 1,498,349.9 Cr1Hp0011 Phenylpropanoids and polyketides
Flavonoids Kae;sj(e);(;};i;loo-s‘ti)deZa-D— 1,429,160.9 C1Hyp011 Phenylpropanoids and polyketides
Flavonoids Kaempferol-3-O-rutinoside 861,844.4 Cy7H30015 Phenylpropanoids and polyketides
Flavonoids Luteolin 834,777.2 C15H100¢ Phenylpropanoids and polyketides
Flavonoids Karanjin 562,061.5 C18H1204 Phenylpropanoids and polyketides
Flavonoids Glabranine 426,142.6 CooHy9O4 Phenylpropanoids and polyketides
Flavonoids Apigenin-7-O-glucoside 353,608.5 Cz1H0O019 Phenylpropanoids and polyketides
Flavonoids %E;;ig;;ggg;j_ 249,107.1 Cy1HypO01q Phenylpropanoids and polyketides
Flavonoids Rhoifolin 217,541.6 Cy7H30014 Phenylpropanoids and polyketides
Flavonoids Vitexin 152,100.1 Cy1Hy9O01q9 Phenylpropanoids and polyketides
Phenylpropanoids Chlorogenic Acid 2,349,359.8 Ci6H1809 Polyphenols
Phenylpropanoids 4,5-Dicaffeoylquinic acid 1,518,505.8 Cy5H4012 Polyphenols
Phenols 1,2,3-trihydroxybenzene 444,096.6 CgHgO3 Benzenoids
Phenols Homovanillic acid 205,465.3 CoH19Oy4 Benzenoids
Phenols Phloroglucinol 113,469.5 CeHgO3 Benzenoids
Phenols Aloe-emodin 85,216.2 C15H1905 Benzenoids
Phenols 6-Gingerol 65,219.4 Ci17Hp604 Benzenoids
Phenols 4-Hexylresorcinol 58,185.9 C12H1507 Benzenoids
Phenolic acids Caffeic Acid 56,376.8 CyoHgOy4 Hydroxycinnamic acids
Phenols 3-Hydroxyphenylacetic acid 30,506.9 CgHgO3 Benzenoids

Table 5. The capacity of E-GDF to scavenge free radicals.

Inhibition Rate (%)

ECsp (mg/mL)

DPPH ABTS oOH 0, DPPH ABTS eOH O,*
Vitamin C (control) 96.27+ 0.01 73.62 £0.01 99.87 £ 0.01 98.89 £ 0.01 - - - -
E-GDF 62.32 £ 0.02 72.66 £ 0.01 70.70 £ 0.03 60.82+ 0.04 12.9 8.0 32 15.7

https:/ /doi.org/10.3390/antiox15010143


https://doi.org/10.3390/antiox15010143

Antioxidants 2026, 15, 143

10 of 19

3.4. RAW264.7 Cell Experiments
3.4.1. Determination of Cell Viability by CCK-8 Method

The effects of serial concentrations of E-GDF (0, 10, 50, 100, 200, 400 ug/mL) on cell
viability were determined using CCK-8 assay. The results, as presented in Figure 1, showed
that E-GDF was not cytotoxic to RAW264.7 cells at concentrations ranging from 10 to
400 ng/mL. A slight decrease in cell viability was observed only at the highest concentration
(400 pg/mL). Therefore, E-GDF doses between 10 and 200 pug/mL were considered safe,
and the concentrations of 50, 100, and 200 ng/mL were selected as the low, medium, and
high dose concentrations for subsequent cell experiments.

150 -

Y

o

o
|

Cell viability (%)
3
1

0 10 50 100 200 400

Concentration of E-GDF(png/mL)

Figure 1. Cell viability was assessed using CCK-8 assay after treatment with E-GDF (0, 10, 50, 100,
200, and 400 ug/mL). n = 3. * p < 0.05, compared with the blank control group.

3.4.2. Determination of Intracellular Reactive Oxygen Species (ROS) Levels

LPS-induced ROS production in RAW264.7 cells was analyzed by flow cytometry
after treatment with graded concentrations of E-GDEF, and the results are shown in the his-
togram in Figure 2A,B. The proportion of ROS-positive cells in the blank control group was
30.54%. Following LPS stimulation, the fluorescence peak of the model group shifted sig-
nificantly to the right compared with that of the blank control group, and the proportion of
ROS-positive cells increased dramatically to 72.5%, confirming the successful establish-
ment of the oxidative-stress model. However, treatment with different concentrations
of E-GDF abolished LPS-induced ROS production, and the proportion of ROS-positive
cells was reduced to 61.24%, 61.22%, and 40.63% in the low, medium, and high dose
groups, respectively.

3.4.3. Inflammatory Factor Levels

To assess the anti-inflammatory potential of E-GDEF, the levels of NO, IL-6, and TNF-«
in RAW264.7 cells were determined, and the results are shown in Figure 3. Compared
with the blank control group, the model group showed a highly significant increase in
NO, IL-6, and TNF-« levels in LPS-challenged RAW264.7 cells. However, the E-GDF
groups significantly reduced the LPS-induced NO production(p < 0.0001) (Figure 3A).
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Figure 3B,C shows that E-GDF treatment significantly decreased the LPS-induced IL-6 and
TNEF-o levels in RAW264.7 cells at concentrations of 100 and 200 ug/mL (p < 0.001).

3.4.4. The mRNA Expression of Pro-Inflammatory Mediators

In the experiment, RT-qPCR was used to measure the relative mRNA expression
levels of proinflammatory mediators. Results are shown in Figure 4, compared with the
blank control group, LPS stimulation significantly increased the mRNA expression of
IL-13, COX-2, Caspl, and GSDMD-1 in the model group. Compared with the model
group, various concentrations of E-GDF significantly reduced LPS-induced IL-13 mRNA
expression (Figure 4A). At 50 ug/mL, E-GDF significantly decreased LPS-induced Caspl
and GSDMD-1 mRNA expression (Figure 4C,D), while 100 ug/mL E-GDF significantly
reduced LPS-induced GSDMD-1 mRNA expression (Figure 4D). However, E-GDF at all
tested concentrations had no significant effect on COX-2 mRNA expression (Figure 4B).
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Figure 2. Flow cytometry analysis of LPS-challenged RAW264.7 cells treated with E-GDEF. (A) There
are five columns in the figure, and each column represents an experimental group, from left to right:
blank group, model group, low-dose group, medium-dose group, and high-dose group. (B) The
proportions of ROS-positive cells in each group, with the control group normalized as 100%.
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Figure 3. Effects of E-GDF on the production of inflammatory factors in LPS-challenged RAW264.7
cells. (A) NO content; (B) IL-6 levels; (C) IL-1p levels. Statistical analyses were performed according
to one-way ANOVA and multiple comparison tests. All data were expressed as mean £ SD of
three independent experiments. **** p < 0.0001, compared with the blank control group; ### p < 0.001,
##HH# p < 0.0001, compared with the model group.
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Figure 4. Effects of E-GDF on mRNA levels of inflammatory factors in LPS-challenged RAW264.7
cells. (A) IL-1p3; (B) COX-2; (C) Casp1; (D) GSDMD-1. Statistical analyses were performed according
to one-way ANOVA and multiple comparison tests. All data are expressed as mean =+ SD of three
independent experiments. ** p < 0.01, **** p < 0.0001, compared with the blank control group;
#p <0.05, ## p < 0.01, ### p < 0.001, compared with the model group.

3.5. Animal Experiments
3.5.1. Effect of E-GDF on Liver Index of Mice Induced by LPS

The effects of E-GDF on LPS-induced liver index in mice are shown in Figure 5.
Compared with the blank group, the liver index was significantly elevated in the model
group. Following E-GDF treatment, the liver index exhibited a dose-dependent decrease.
Compared with the model group, the low-dose group (50 mg/kg) showed no signifi-
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cant difference, whereas significant reductions were observed in both the medium-dose
(100 mg/kg) and high-dose (200 mg/kg) groups.

8_

*kkk

Liver index (%)
H
|

0_

E-GDF(ug/mL) - - 50 100 200
LPS(5mg/mL) - + + + +

Figure 5. Effect of E-GDF on liver index (Ratio of liver weight to body weight) in LPS-induced septic
mice. Statistical analyses were performed according to one-way ANOVA and multiple comparison
test. All data are expressed as mean =+ SD of three independent experiments. **** p < 0.0001 compared
with the blank control group; # p < 0.05 and ## p < 0.01 compared with the model group.

3.5.2. Serum AST and ALT Levels

Figure 6 shows the effects of E-GDF on LPS-induced serum ALT and AST levels.
Compared with the blank group, serum AST and ALT activities were significantly elevated
in the model group mice. However, E-GDF administration significantly reduced AST
activity in a dose-dependent manner (Figure 6A). There was also a trend towards decreased
serum ALT in E-GDF treatment groups (Figure 6B).
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Figure 6. Effect of E-GDF on LPS induced serum ALT and AST levels. (A) AST viability in mouse
serum; (B) ALT viability in mouse serum. Statistical analysis based on one-way ANOVA and
multiple comparison test. All data are expressed as mean =+ SD of three independent experiments.
**#% p < 0.0001, compared with the blank control group; ## p < 0.01, #H p < 0.001, ### p < 0.0001,
compared with the model group.
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3.5.3. Effect of E-GDF on LPS-Induced Pro-Inflammatory Cytokine Production

LPS-stimulated macrophages secrete pro-inflammatory cytokines, such as TNF-« and
IL-6, which are required for inflammatory diseases. To investigate the anti-inflammatory
effects of E-GDF in vivo models, mouse models of liver inflammation were induced by
LPS and treated with E-GDF. Serum LPS content, TNF-«, and IL-6 levels, as well as
liver TNF-« and IL-6 levels, were determined. As shown in Figure 7, compared with
the blank control group, serum LPS, IL-6, and TNF-« levels, as well as hepatic TNF-a
and IL-6 levels, significantly increased upon LPS challenge (p < 0.0001) in the model
group. In contrast, E-GDF treatment significantly reduced serum LPS content at the
concentration of 50 ng/mL (p < 0.05, Figure 7A) as well as IL-6 levels at the concentration
of 200 pg/mL (Figure 7C) (p < 0.05). But there was no significant change in serum TNF-«.
Meanwhile, E-GDF treatment significantly reduced hepatic TNF-« and IL-6 levels in a
dose-dependent manner (Figure 7D,E).
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Figure 7. Effects of E-GDF on LPS-induced inflammatory factors production of serum and liver in
mice. (A—C) Serum LPS, TNF-«, and IL-6 levels; (D,E) liver TNF-« and IL-6 levels. Statistical analyses
were performed according to one-way ANOVA and multiple comparison tests. All data are expressed
as mean + SD of three independent experiments. **** p < 0.0001, *** p < 0.001 compared with the
blank control group; # p < 0.05, #### p < 0.0001, compared with the model group.

3.5.4. Liver Histopathological Sections

At the end of the experiment, liver tissues were collected and subjected to histopatho-
logical analysis. Detailed histopathological changes in the livers of all experimental groups
are presented in Figure 8. The liver structure remained intact in the blank control group.
Hepatocytes were neatly arranged, hepatic sinusoids were clearly visible, hepatic cords
were orderly aligned, and nuclear morphology was normal. LPS treatment of mouse livers
exhibited disorganized hepatocyte and hepatic cord arrangement, hepatocyte swelling
and necrosis, necrotic foci, and inflammatory cell infiltration. E-GDF treatment revealed a
dose-dependent histological improvement, with all three dose groups exhibiting markedly
less liver injury than the model group. Especially in the high-dose group (200 mg/kg).
Liver architecture was relatively intact without signs of hepatocyte necrosis, haemorrhage,
or inflammation.
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Figure 8. Histopathological analysis of the mouse liver. Red arrow: hepatocyte enlargement;
yellow arrow: hepatocyte necrosis; black arrow: necrotic foci; green arrow: inflammatory cells.
All sections were stained with H&E, and the magnification is 200x.

4. Discussion

G. delavayi, a species of the genus Gerbera in the Asteraceae family, is currently used as
an ethnic medicine in the Yi ethnic region of China. To date, research on the phytochemical
composition and pharmacological activity of G. delavayi remains extremely limited. In our
study, we first conducted a preliminary study on the polyphenolic components of G. delavayi.
Flavonoids, phenolic acids, and other polyphenolic compounds are regarded as impor-
tant components in the Gerbera genus of the Asteraceae family [29]. In the present re-
search, our quantitative colorimetric assays revealed that E-GDF was rich in polyphenols
(36.15 £ 0.20 mg GAE/g) and flavonoids (16.35 & 0.19 mg RT/g). Asen’s study also
revealed that Gerbera plants are rich in flavonoids [30]. Flavonoids and phenolic acid
components in E-GDF were further analyzed by LC-MS. More than 40 flavonoid com-
pounds were identified, among which kaempferol glycosides, luteolin, and their glycosidic
derivatives predominated. The phenolic acids in the extract were dominated by chloro-
genic, caffeic, and ferulic acids together with their respective glycosides. Flavonoids and
phenolic acids are generally recognized for their excellent antioxidant capacity; conse-
quently, we evaluated the antioxidant activity of E-GDF in this study. The results showed
that the extract exhibited great scavenging activity against DPPH, ABTS, *OH, and O,*~
radicals in vitro. This is similar to the strong in vitro antioxidant activity observed in
L. leontopodioides, another Asteraceae plant rich in chlorogenic and ferulic acids [31-33].

The antioxidant capacity of E-GDF was further corroborated at the cellular level.
Flow-cytometric analysis demonstrated that E-GDF markedly attenuated LPS-elicited ROS
production in RAW264.7 macrophages, underscoring its potent intracellular antioxidant
activity. The abundant flavonoids and phenolic compounds in E-GDF may be the material
basis for its in vitro antioxidant activity.

Ethanolic plant extracts rich in phenolic acids have also been shown to have ex-
cellent anti-inflammatory activity [34]. The LPS-induced RAW264.7 macrophage in-
flammation model is commonly used to assess the anti-inflammatory activity of plant
extracts [35]. In this experiment, LPS-challenged RAW264.7 cells were activated and re-
leased a large amount of inflammatory mediators such as NO, IL-6, and TNF-«. E-GDF
significantly inhibited NO secretion and reduced the production of pro-inflammatory
mediators (IL-6 and TNF-«). Moreover, E-GDF also downregulated COX-2 and IL-1
mRNA expression. These results all suggested that E-GDF possesses good in vitro anti-
inflammatory activity. Extracts from other Asteraceae plants, such as L. leontopodioides and
G. piloselloides, have likewise been shown to exert pronounced anti-inflammatory effects.
Cell experiments also confirmed that E-GDF can downregulate the mRNA expression
levels of Caspl, GSDMD-1, IL-1f3, and IL-6. Caspase-1 and GSDMD are the pivotal ex-
ecutors of pyroptosis, and the pyroptotic process mediated by them is often accompanied
by a strong inflammatory response. Its activation invariably elicits a pro-inflammatory
signature, of which IL-1( secretion constitutes a canonical hallmark [36]. In the study, our
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findings suggest that E-GDF may, at least in part, exert anti-inflammatory effects through
down-regulating pyroptosis.

The liver serves as a critical defense against microbial invasion and is also a pri-
mary target of inflammatory imbalance. Acute liver injury is a common complication of
sepsis induced by high doses of LPS [37,38]. Numerous studies have demonstrated that
flavonoids [39] and polyphenolic [40] compounds exhibit protective effects against septic
liver injury. In this study, we investigated the protective effects of E-GDF on LPS-induced
acute liver injury [41]. Based on a preliminary dose-range finding study (10, 22, 50, 10,
200 mg/kg), doses of 50, 100, and 200 mg/kg were selected, which were well-tolerated
and showed preliminary hepatoprotective effects. Abnormal liver index partly reflects the
severity of hepatomegaly and facilitates evaluation of the hepatic pathological state [42],
whereas serum ALT and AST are established biochemical hallmarks of hepatocellular injury.
Our results demonstrate that E-GDF significantly reversed LPS-induced increases in liver
index and reduced serum AST levels, while ALT exhibited a downward trend, indicating
its potential hepatoprotective effects. Liver histopathological changes remain the gold
standard for evaluating the severity of hepatic injury. Compared with the model group,
E-GDF treatment reduced liver injury in mice in a clear dose-dependent manner. Especially
the high-dose group, showed markedly attenuated hepatocellular necrosis and reduced
inflammatory infiltration, with hepatic architecture closely resembling that of the normal
group. These results further confirm that E-GDF effectively counteracts LPS-induced struc-
tural liver damage. Liver injury in sepsis is frequently accompanied by severe hepatic
inflammation. In this experiment, after high-dose LPS-induced sepsis in mice, serum LPS
concentration and TNF-o/IL-6 levels in both serum and liver increased significantly, denot-
ing profound systemic inflammation with concomitant severe hepatic inflammatory injury.
E-GDF administration significantly lowered serum LPS concentration and suppressed IL-6
and TNF-« levels in both circulation and liver tissue, demonstrating that it protects the
liver by blocking endotoxin and these pivotal inflammatory mediators.

5. Conclusions

Ethanolic extract of G. delavayi is abundant in flavonoids such as kaempferol and
luteolin, as well as phenolic acids including chlorogenic acid, caffeic acid, and ferulic
acid. This endows the extract with potential antioxidant and anti-inflammatory activ-
ities. Additionally, the G. delavayi extract demonstrates good protective effects against
LPS-induced sepsis-related acute liver injury, which may be related to its anti-pyroptosis
activity. These findings suggest the therapeutic potential of G. delavayi extract for anti-
inflammatory and hepatoprotective applications. However, the major active constituents
responsible for the observed effects remain uncharacterized, and the precise mechanisms
underlying its hepatoprotective action are not fully elucidated. Future studies are war-
ranted to isolate and identify the key bioactive compounds and to delineate their molecular
targets and pathways.
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