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Abstract 

Context: Sepsis is a progressive inflammatory response commonly caused by gram-negative bacteria via activation of the NF-κB-dependent pathway. Severe 

sepsis can cause cardiac dysfunction and increases the risk of death. Artemisia lactiflora is a Chinese medicinal plant that contains phenolics and flavonoids 

with probable anti-inflammatory activities. 

Aims: To investigate the anti-inflammatory activities of A. lactiflora leaves extract in a cardiac sepsis model. 

Methods: A. lactiflora leaves were extracted and fractioned using solvents of different polarities. The total phenolic and flavonoid content was quantified. The 

antioxidants were quantified in vitro using DPPH and ABTS radicals. The cytotoxicity of the extract and fractions was evaluated and calculated using the 

neutral red assay and curve-fitting analysis in cardiomyoblasts (H9c2). The anti-inflammatory activities of A. lactiflora were observed by treating H9c2 with 

extract and fractions in the presence of Escherichia coli. Expression of pro-inflammatory genes (TNF and IL6) and secretion of pro-inflammatory cytokines 

(TNF-α and IL-6) were measured by RT-qPCR and ELISA. 

Results: Extract and fractions of A. lactiflora contained noticeably high quantities of phenolics and flavonoids with considerably high anti-DPPH and anti-ABTS 

activities. Co-treatment with A. lactiflora extract and all fractions significantly downregulated the expression of TNF and IL6 as well as decreased the secretion 

of TNF-α and IL-6 (p<0.0001) compared with E. coli-stimulated cardiomyoblasts. The butanol fraction had the highest potency in reducing pro-inflammatory 

cytokine secretions in cardiomyoblasts under in vitro sepsis conditions.  

Conclusions: A. lactiflora leaf extract demonstrated therapeutic potential in a cardiac sepsis model by alleviating the inflammatory responses. This plant can 

potentially be developed as an alternative medicine for inflammation and sepsis.  

Keywords: anti-inflammatory; Artemisia lactiflora; H9c2; sepsis model. 

 

Resumen 

Contexto: La sepsis es una respuesta inflamatoria progresiva comúnmente causada por bacterias gramnegativas a través de la activación de la vía 
dependiente de NF-κB. La sepsis grave puede causar disfunción cardiaca y aumenta el riesgo de muerte. Artemisia lactiflora es una planta medicinal china 

que contiene fenólicos y flavonoides con probables actividades antiinflamatorias.  

Objetivos: Investigar la actividad antiinflamatoria del extracto de hojas de A. lactiflora en un modelo de sepsis cardiaca. 

Métodos: Las hojas de A. lactiflora se extrajeron y fraccionaron utilizando disolventes de diferentes polaridades. Se cuantificó el contenido total de fenoles y 

flavonoides. Los antioxidantes se cuantificaron in vitro utilizando radicales DPPH y ABTS. La citotoxicidad del extracto y las fracciones se evaluó y calculó 
mediante el ensayo del rojo neutro y el análisis de ajuste de curvas. La actividad antiinflamatoria de A. lactiflora se observó mediante el tratamiento con 

extracto y fracciones en presencia de Escherichia coli. La expresión de genes proinflamatorios (TNF e IL6) y la secreción de citocinas proinflamatorias (TNF-α e 

IL-6) se midieron mediante RT-qPCR y ELISA. 

Resultados: El extracto y las fracciones de A. lactiflora contenían cantidades notablemente elevadas de fenoles y flavonoides con actividades anti-DPPH y 

anti-ABTS considerablemente altas. El tratamiento conjunto con extracto de A. lactiflora y todas las fracciones redujo significativamente la expresión de TNF e 
IL6, así como la secreción de TNF-α e IL-6 (p< 0,0001) en comparación con los cardiomioblastos estimulados con E. coli. La fracción de butanol fue la más 

potente a la hora de reducir la secreción de citocinas proinflamatorias en cardiomioblastos en condiciones de sepsis in vitro. 

Conclusiones: El extracto de hoja de A. lactiflora demostró potencial terapéutico en un modelo de sepsis cardiaca al aliviar la respuesta inflamatoria. Esta 

planta puede desarrollarse potencialmente como medicina alternativa para la inflamación y la sepsis. 

Palabras Clave: antiinflamatorio; Artemisia lactiflora; H9c2; modelo de sepsis. 
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INTRODUCTION 

Sepsis is a significant public health problem owing 
to its rapid progression, severity, and high mortality. 
In 2017, the World Health Organization (WHO) re-
ported 48.9 million incidences and 11 million deaths 
from sepsis-related infections, representing approxi-
mately 20% of all deaths worldwide (World Health 
Organization, 2020). Sepsis is the leading cause of 
death among hospitalized patients, and the incidence 
of sepsis is on the rise, followed by shock and, even-
tually, death (Markwart et al., 2020). Sepsis occurs 
when the body responds to infections or toxins from 
pathogens, resulting in severe and persistent inflam-
matory processes (Stearns-Kurosawa et al., 2011). 
Infection in sepsis is usually bacterial but may also be 
fungal, parasitic, or viral. Gram-negative bacteria are 
the primary cause of sepsis, including Escherichia coli, 
Pseudomonas aeruginosa, Hemophilus influenzae, Neis-
seria meningitidis, and Klebsiella pneumoniae (Mitchell et 
al., 2019). Upon infection, pathogens produce various 
toxins, especially lipopolysaccharide (LPS), which 
interacts with Toll-like receptor 4 (TLR-4) on epitheli-
al, endothelial, and immune cells. The binding of 
these toxins to TLR4 activates the nuclear factor kap-
pa-light-chain-enhancer of activated B cells (NF-κB), 
an important transcription factor involved in cellular 
responses to stimuli, such as stress, free radicals, and 
oxidized LDL. This results in the release of pro-
inflammatory cytokines, especially TNF-α and IL-6, 
leading to inflammation (Lawrence, 2009). Septicemia 
and unrestrained inflammation lead to organ dys-
function and failure, primarily in the heart (Russell et 
al., 2018). 

Artemisia lactiflora Wall. ex DC. (Asteraceae), com-
monly known as white mugwort or zhenzhu cai, is a 
Chinese medicinal plant in the Asteraceae family. It is 
commonly used in Chinese and Hmong cuisines. A. 
lactiflora contains high levels of phenolics and flavo-
noids with high antioxidant activity (Kooltheat et al., 
2021). This Artemisia species contains balanophonin, 
aurantiamide, and isovitexin (Lin et al., 2014). Study-
ing the bioactivity of A. lactiflora may provide in-
formative information on the use of the plant, but 
most of the available data are non-scientific. There-
fore, this study aimed to extract and fractionate A. 
lactiflora leaves to collect phytochemicals with differ-
ent properties, analyze their cytotoxicity, and investi-
gate their cardioprotective activity in a cardiac sepsis 
model. These findings provide scientific information 
on how A. lactiflora interacts with cells and organs and 
provide safety limits for the use of the plant as a food 
ingredient and for therapeutic purposes.  

MATERIAL AND METHODS 

Chemicals 

Solvent for plant extraction and fractionation: 
Methanol, acetic acid, dietyl ether chloroform, ethyl 
acetate, and butanol (RCI Labscan Ltd., Bangkok, 
Thailand). Solvent for dissolving plant extract: Dime-
thyl sulfoxide (DMSO) and ethanol (RCI Labscan Ltd., 
Bangkok, Thailand). Reagent and standard for quanti-
fication of total phenolic and total flavonoid contents: 
Folin-Ciocalteu phenol reagent, gallic acid, quercetin, 
sodium carbonate, and aluminum chloride (Merck 
KGaA, Darmstadt, Germany). Reagent and standard 
for quantification of antioxidant activities against 
DPPH and ABTS radicals: 2,2-diphenyl-1-picryl-
hydrazyl (DPPH), 2,2′-azino-bis(3-ethylbenzothiazo-
line-6-sulfonic acid (ABTS), and ascorbic acid (Merck 
KGaA, Darmstadt, Germany). Cell line: Rat cardio-
myoblast (H9c2) (ATCC-CRL1446) (American Type 
Cell Culture, Manassas, VA, USA). Media and sup-
plements for cell culture: Dulbecco's Modified Eagle's 
medium (DMEM), fetal bovine serum (FBS), penicil-
lin, and streptomycin (Thermo Fisher Scientific, Wal-
tham, MA, USA). Bacteria: Escherichia coli (O157:H7) 
(ATCC 43888) (American Type Cell Culture, Manas-
sas, VA, USA). Media for bacterial culture: Miller 
Hilton agar and Miller Hilton broth (HiMedia Labora-
tories, Pvt.Ltd., Maharashtra, India). Chemical for 
cytotoxic analysis: neutral red dye (Merck KGaA, 
Darmstadt, Germany). Reference drugs for the inves-
tigation of cardioprotective activities: Aspirin (SEA 
Pharm, Co., Ltd., Phra Nakhon Si Ayutthaya, Thai-
land) and prednisolone (Medic Pharma Co., Ltd., 
Samut Sakhon, Thailand). Solvents and reagents for 
RNA extraction and qRT-PCR: TRIzol reagent (Ther-
mo Fisher Scientific, Waltham, MA, USA), chloro-
form, isopropanol, and ethanol (RCI Labscan Ltd., 
Bangkok, Thailand), RNase-free water (Merck KGaA, 
Darmstadt, Germany), SensiFAST SYBR No-ROX 
One-Step reagent (Bioline Reagents Ltd, London, UK). 
Nucleotide primers (Bio Basic Inc., Ontario, Canada). 
Reagent kits for ELISA: Specific antibody pairs (Im-
munoTools, Friesoythe, Germany) and ELISA reagent 
kits (GenPack-5; MabTag GmbH, Friesoythe, Germa-
ny). 

Plant material 

Artemisia lactiflora Wall. ex DC. was collected from 
a cultivation garden located in Phop Phra, Tak, Thai-
land. GPS Location: 16°25'23.4"N 98°47'39.1"E. Alti-
tude: 776.56 m above sea level. The plant species were 
identified by a specialized botanist (Mrs. Ruamporn 
Kongjan) at Walailak University. Voucher specimens, 
including leaves, stems, and roots, were deposited at 
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Walailak University Herbarium, Nakhon Si Thamma-
rat, Thailand, and were assigned herbarium numbers 
01545-01548.  

Preparation, extraction, and fractionation of A. 
lactiflora 

Fresh A. lactiflora leaves were cleaned with deion-
ized water, absorbed with paper towels, weighed, and 
extracted. Two kilograms of leaves were homoge-
nized and macerated with 10 L of 1% acetic acid in 
50% methanol at 4°C for seven days. The extract was 
strained with a colander to remove coarse sediments 
and centrifuged at 3000 rpm for 10 min to remove fine 
sediments. The clear crude extract was then concen-
trated at 40°C. 

The concentrated extract was dissolved in 500 mL 
of deionized water and fractionated by liquid-liquid 
partitioning using solvents of varying polarity (RCI 
Labscan Ltd., Bangkok, Thailand). The aqueous crude 
extract was fractionated with diethyl ether to isolate 
non-polar molecules. Sodium bicarbonate was added 
to the partitioned aqueous extract to achieve a pH of 
8.5, converting phenolic acid into soluble phenolic 
sodium salts. The alkaline aqueous extract was frac-
tionated with chloroform to isolate the non-phenolic 
molecules. The pH of the aqueous phase was adjusted 
to 3.5 by acetic acid to convert the phenolic sodium 
salts back to phenolic acid. The acidic aqueous extract 
was fractionated with ethyl acetate to isolate the phe-
nolic acid molecules. Highly polar phenolics were 
further fractionated with n-butanol and separated 
from the residual salt fraction. The extract and frac-
tions were dried by evaporation, weighed, and stored 
in a desiccator (Kooltheat et al., 2021). 

Quantification of total phenolic and total flavonoid 
contents 

A. lactiflora crude extract, chloroform, ethyl acetate, 
butanol, and residual fractions were dissolved in 50% 
DMSO (RCI Labscan Ltd., Bangkok, Thailand) in de-
ionized water at a concentration of 100 mg/mL. The 
diethyl ether fraction was dissolved in 50% DMSO in 
ethanol (RCI Labscan Ltd., Bangkok, Thailand) at a 
concentration of 100 mg/mL. Gallic acid and querce-
tin standards (Merck KGaA, Darmstadt, Germany) 
were dissolved in deionized water to a concentration 
of 100 mg/mL. 

The total phenolic content was quantified using 
the Folin-Ciocalteu assay (Kooltheat et al., 2023). Us-
ing a 96-well plate, test extract, fraction, or standard 
(2.5 µL) was diluted with 50 µL of distilled water. 
Folin-Ciocalteu phenol reagent (Merck KGaA, Darm-
stadt, Germany) of 25 µL was added to the reaction, 
followed by incubation at room temperature for 10 

min. Then, 50 µL of 2% sodium carbonate (Merck 
KGaA, Darmstadt, Germany) was added, followed by 
incubation at 50°C for 1 h. The absorbance of the reac-
tion at 750 nm was measured using a microplate 
reader (Multiskan SkyHigh, Thermo Fisher Scientific, 
Waltham, MA, USA). The total phenolic content was 
calculated according to the concentration of standard 
gallic acid as mg gallic acid equivalent per gram of 
dry extract (mg GAE/g). 

Total flavonoid content was quantified using an 
aluminum chloride assay (Kooltheat et al., 2023). Us-
ing a 96-well plate, test extract, fraction, or standard 
(2.5 µL) was diluted with 50 µL of distilled water. 
Then, 100 µL of 2% aluminum chloride (Merck KGaA, 
Darmstadt, Germany) was added to the reaction, fol-
lowed by incubation at room temperature for 1 h. 
Absorbance at 420 nm was measured using a micro-
plate reader (Multiskan SkyHigh, Thermo Fisher Sci-
entific, Waltham, MA, USA). The total flavonoid con-
tent was calculated according to the reaction of stand-
ard quercetin as mg quercetin equivalent per gram of 
dry extract (mg QE/g).  

Quantification of antioxidant capacities against 
DPPH and ABTS radicals 

The antioxidant capacities were tested against 
DPPH and ABTS radicals compared with standard 
ascorbic acid (Merck KGaA, Darmstadt, Germany) 
(Kooltheat et al., 2023). A. lactiflora crude extract and 
fractions were dissolved in 50% DMSO at a concentra-
tion of 100 mg/mL. Standard ascorbic acid (Merck 
KGaA, Darmstadt, Germany) was dissolved in deion-
ized water to a concentration of 100 mg/mL. 

The DPPH assay was performed in a 96-well plate. 
The test extract, fraction, or standard (5 µL) was dilut-
ed in 50 µL of deionized water. Then, 50 µL of 0.2 mM 
DPPH radical in methanol was added to the reaction, 
followed by incubation at room temperature for 2 h in 
the dark. The absorbance of the reaction was meas-
ured at 517 nm using a microplate reader (Multiskan 
SkyHigh, Thermo Fisher Scientific, Waltham, MA, 
USA). Antioxidant capacity against DPPH was calcu-
lated according to the reaction of standard ascorbic 
acid (Merck KGaA, Darmstadt, Germany) (mg ascor-
bic acid equivalent per gram of dry extract; mg 
AE/g). 

ABTS radical was activated by reacting 500 µL of 
7.4 mM ABTS with 2.6 mM potassium persulphate at 
room temperature for 18 h in the dark. The activated 
ABTS radical was diluted 1:10 with methanol. The 
ABTS assay was performed in a 96-well plate. The test 
extract, fraction, or standard (5 µL) was diluted in 50 
µL of deionized water. Then, 50 µL of the activated 
ABTS radical was added to the reaction, followed by 
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incubation at room temperature for 2 h in the dark. 
The absorbance of the reaction was measured at 734 
nm using a microplate reader (Multiskan SkyHigh, 
Thermo Fisher Scientific, Waltham, MA, USA). The 
antioxidant capacity against ABTS was calculated 
according to the reaction of standard ascorbic acid 
(mg ascorbic acid equivalent per gram of dry extract; 
mg AE/g). 

Rat cardiomyoblast cell and cell culture 

Rat cardiomyoblast cell line (H9c2) was purchased 
from American Type Cell Culture (ATCC-CRL1446, 
Manassas, VA, USA) (Hescheler et al., 1991; Kimes 
and Brandt, 1976). H9c2 cells were cultured in Dul-
becco's Modified Eagle's medium supplemented with 
10% heat-inactivated fetal bovine serum (FBS), 5000 
units/mL of penicillin, and 5000 µg/mL of strepto-
mycin (Thermo Fisher Scientific, Waltham, MA, 
USA). Cells were cultured at 37°C under 5% carbon 
dioxide (CO2) in a humidified chamber throughout 
the experiment. Under experimental conditions, H9c2 
cells were maintained in DMEM without serum or 
antibiotic supplementation. 

Bacterial cell culture 

Escherichia coli (O157:H7) (ATCC 43888) (Ameri-
can Type Cell Culture, Manassas, VA, USA) was 
thawed from stock culture, streaked on Miller Hilton 
agar (HiMedia Laboratories, Pvt.Ltd., Maharashtra, 
India), and incubated at 37°C for 18 h. The isolated 
colony of E. coli was then transferred to Miller Hilton 
broth (HiMedia Laboratories, Pvt.Ltd., Maharashtra, 
India) and incubated at 37°C for 5 h with shaking. The 
bacterial culture was centrifuged at 1,500 rpm for 5 
min and washed once with DMEM. E. coli was re-
suspended, and the density to OD 600 = 0.01, which 
was equal to 8 × 106 cfu/mL (Sornsenee et al., 2022). 

Cytotoxic analysis of A. lactiflora on H9c2 

Cardiomyoblasts were seeded into 96-well plates 
at a density of 1 × 104 cells/well and incubated for 48 
h. Cells were then treated with A. lactiflora crude ex-
tract or fractions at a concentration range of 0–100000 
µg/mL for 24 h. The treated extract was discarded, 
the cells were washed once with PBS, and incubated 
with 50 µL of 50 µg/mL neutral red dye (Merck 
KGaA, Darmstadt, Germany) in DMEM for 2 h. The 
stained dye was discarded, the cells were washed 
once with PBS, and dissolved in 50 μL of an acid-
alcohol solution. The absorbance was measured at a 
wavelength of 545 nm using a microplate reader 
(Multiskan SkyHigh, Thermo Fisher Scientific, Wal-
tham, MA, USA). The percentage of viable extract-
treated cells (% cell viability) was calculated and 
compared with the untreated control condition. A. 

lactiflora cytotoxicity was then analyzed by curve fit-
ting, and the median lethal concentration (LC50) and 
5% lethal concentration (LC5) were calculated 

(Kooltheat et al., 2014; Repetto et al., 2008). The LC5 
concentration of A. lactiflora extract and fraction was 
used in the investigation of anti-inflammatory activi-
ties. Non-toxic therapeutic concentrations of reference 
drugs (5.42 µg/mL of aspirin and 12.5 ng/mL predni-
solone) were used as positive controls for anti-
inflammatory activity, as recommended by the United 
States Food and Drug Administration (U.S. Food and 
Drug Administration, 2021). 

Investigation of anti-inflammatory activities under 
inflammatory sepsis condition 

Cardiomyoblasts were seeded at a density of 3 × 
104 cells/well in 24-well plates and were incubated 
for 48 h. Inflammatory sepsis was stimulated by E. coli 
at a concentration of 8 × 106 cfu/mL. The cardiopro-
tective activities of A. lactiflora were investigated by 
co-treating H9c2 cells with the extracts or fractions 
with E. coli at 37°C for 6 h. Reference drugs include 
non-steroidal anti-inflammatory drug, 5.42 µg/mL of 
aspirin (SEA Pharm, Co., Ltd., Phra Nakhon Si Ayut-
thaya, Thailand), and steroidal anti-inflammatory 
drug, 12.5 ng/mL of prednisolone (Medic Pharma 
Co., Ltd., Samut Sakhon, Thailand), were used as 
positive controls for the investigation of anti-
inflammatory activities along with the extract and 
fractions. Concentrations of the reference drugs were 
according to the therapeutic equivalence recommend-
ed by the United States Food and Drug Administra-
tion (U.S. Food and Drug Administration, 2021). Cell 
culture supernatant was collected for the quantifica-
tion of pro-inflammatory cytokine secretion by 
ELISA, and cells were used for RNA extraction and 
quantification of pro-inflammatory gene expression 
by RT-qPCR. 

RNA extraction and quantitative reverse 
transcription PCR (qRT-PCR) 

Cardiomyoblasts under different experimental 
conditions, including E. coli-stimulated cells co-
treated with A. lactiflora extract, fractions, and refer-
ence drugs (aspirin and prednisolone), were collected 
for RNA extraction, qRT-PCR, and gene expression 
analysis. 

Cells in 24-well plates were washed once with PBS 
and lysed with 200 µL TRIzol reagent (Thermo Fisher 
Scientific, Waltham, MA, USA) for 5 min. The cell 
lysate was transferred to 1.5 mL microcentrifuge tube, 
and 50 µL chloroform was added, mixed, incubated 
for 5 min, and centrifuged at 12000 ×g, 4°C, for 15 
min. The aqueous phase was collected, mixed with 
100 µL isopropanol, incubated for 10 min, and centri-
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fuged at 12000 × g, 4°C, for 10 min. The collected RNA 
pellet was washed with 200 µL of 75% ethanol and 
centrifuged at 75000 × g, 4°C, for 5 min. The superna-
tant was discarded, the RNA pellet was evaporated at 
room temperature, and dissolved in 100 µL RNase-
free water (Merck KGaA, Darmstadt, Germany). The 
RNA concentration in each sample was quantified 
using a NanoDrop One Spectrophotometer (Thermo 
Fisher Scientific, Waltham, MA, USA).  

Pro-inflammatory gene (TNF, IL6) expression was 
quantified by qRT-PCR in a 20 µL reaction. The reac-
tion consisted of 4 ng RNA template, 400 nM forward 
primer, 400 nM reverse primer, 0.2 µL reverse tran-
scriptase, 0.4 µL RNase inhibitor, and 10 µL Sensi-
FAST SYBR No-ROX One-Step reagent (Bioline Rea-
gents Ltd, London, UK). The forward and reverse 
primers (Bio Basic Inc., Ontario, Canada) for each 
gene are listed in Table 1 (Peinnequin et al., 2004). 
PCR steps included 10 min reverse transcription at 
45°C, 2 min polymerase activation at 95°C, 40 cycles 
of 5 s denaturation at 95°C, and 1 min polymerization 
at 60°C. Gene expression was normalized to that of 
the reference gene (ACTB) using the 2−ΔΔC

T method 
(Van Peer et al., 2012). 

Enzyme-linked immunosorbent assay (ELISA) 

Cell culture supernatant of cardiomyoblasts under 
different experimental conditions including E. coli-
stimulated cells co-treated with A. lactiflora extract, 
fractions, and reference drugs (aspirin and predniso-
lone), were collected for quantification of pro-
inflammatory cytokines secretion by ELISA. 

Pro-inflammatory cytokine (TNF-α and IL-6) se-
cretion was quantified by ELISA in a 96-well plate. 
Specific antibody pairs (ImmunoTools, Friesoythe, 
Germany) and reagent kits (GenPack-5; MabTag 

GmbH, Friesoythe, Germany) were used. The plate 
was first coated with 100 µL of capture antibody for 
24 h, blocked with 300 µL of albumin blocking buffer 
for 1 h, and decanted on a paper towel. The cell cul-
ture supernatant or cytokine standard was added at 
100 µL/well, incubated for 2 h, and washed 5-times 
with buffer. Biotin-labelled detection antibody was 
added at 100 µL/well, incubated for 1 h, and washed 
5-times with buffer. Streptavidin-HRP was added at 
100 µL/well, incubated for 30 min, and washed 5-
times with the buffer. The plate was completely de-
canted, 50 µL/well TMB substrate was added, incu-
bated for 30 min, and stopped with 50 µL/well stop 
solution. The absorbance at 450 nm was measured 
using a microplate reader (Multiskan SkyHigh, 
Thermo Fisher Scientific, Waltham, MA, USA). The 
levels of the secreted cytokines were calculated ac-
cording to a standard curve (Kooltheat et al., 2021).  

Statistical analysis and study report 

Experiments were performed in triplicate, with 
three independent experiments. The data were ana-
lyzed and visualized using GraphPad Prism 
(GraphPad Software, San Diego, CA, USA). Results 
were reported as mean ± standard deviation (SD). 
Data distribution was analyzed using the Shapiro-
Wilk test. Differences in the data sets were analyzed 
by one-way ANOVA with Bonferroni multiple com-
parisons (parametric) or Kruskal-Wallis test with 
Dunn's multiple comparisons (non-parametric). A 
significance level of 0.05 was used in all statistical 
analyses.  

Experimental data were reported according to the 
guidelines for Reporting Experiments in Homeo-
pathic Basic Research (REHBaR), as suggested by the 
EQUATOR Library of Reporting Guidelines (Stock-
Schröer, 2015). 

 

Table 1. Oligonucleotide primers used in this study. 

Gene Primer Oligonucleotide sequence, 5’ to 3’ 

Tumor necrosis factor (TNF): 

Rattus norvegicus tumor necrosis factor, mRNA 

Forward AAATGGGCTCCCTCTCATCAGTTC 

Reverse TCTGCTTGGTGGTTTGCTACGAC 

Interleukin 6 (IL6): 

Rattus norvegicus interleukin 6, mRNA 

Forward TCCTACCCCAACTTCCAATGCTC 

Reverse TTGGATGGTCTTGGTCCTTAGCC 

Interleukin-1 beta (IL1B): 

Rattus norvegicus interleukin 1-beta, mRNA 

Forward CACCTCTCAAGCAGAGCACAG 

Reverse GGGTTCCATGGTGAAGTCAAC 

Beta actin (ACTB): 

Rattus norvegicus beta-actin, mRNA 

Forward AAGTCCCTCACCCTCCCAAAAG 

Reverse AAGCAATGCTGTCACCTTCCC 
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Figure 1. Total phenolic and total flavonoid contents of A. lactiflora extract and fractions. (A) total phenolic content. (B) 

total flavonoid content. 

Data represented mean ± standard deviation (SD) (n = 9). CRUDE: crude extract; Et2O: diethyl ether fraction; CHLF: chloroform fraction; 

EtOAc: ethyl acetate fraction; Both: butanol fraction; RES: residual salt fraction. One-way ANOVA, compared with CRUDE: *p<0.0001; 
ap=0.0002; bp=0.005. 

 

RESULTS  

A. lactiflora leaves extract and fractions 

Extraction of 2000 g of fresh A. lactiflora leaves 
yielded 121.54 g (6.08%) of crude extract. Fractiona-
tion of the crude extract yielded 2.62 g (0.13%) of di-
ethyl ether fraction, 1.17 g (0.06%) of chloroform frac-
tion, 2.44 g (0.12%) of ethyl acetate fraction, 1.85 g 
(0.09%) of butanol fraction and 29.90 g (1.50%) of re-
sidual salt fraction. 

Total phenolic and total flavonoid contents of A. 
lactiflora extract and fractions 

The total phenolic content of A. lactiflora was quan-
tified using the Folin–Ciocalteu assay (Fig. 1A). A. 
lactiflora crude extract showed a total phenolic content 
of 135.56 ± 8.62 mg GAE/g of dry extract. Higher, but 
not significant, phenolic content was observed in 
ethyl acetate and butanol fractions at 142.08 ± 12.49 
and 141.23 ± 9.94 mg GAE/g of dry extract. Signifi-
cantly lower phenolic content was observed in diethyl 
ether, chloroform, and residual fractions at 44.62 ± 
4.11, 29.67 ± 1.02, and 71.82±0.52 mg GAE/g of dry 
extract, respectively, p<0.0001, compared with crude 
extract. 

The total flavonoid content of A. lactiflora was 
quantified using an aluminum chloride assay (Fig. 
1B). A. lactiflora crude extract exhibited a total flavo-
noid content of 128.0 ± 6.4 mg QE/g of dry extract. 
The highest flavonoid content was found in butanol 
fraction at 161.4 ± 4.33 QE/g of dry extract, p<0.0001 
compared with crude extract. The ethyl acetate frac-
tion had a comparable flavonoid content of 141.21 ± 
5.24 QE/g. Lower flavonoid content was found in 
diethyl ether (p=0.05), residual (p=0.0002), and chlo-

roform (p<0.0001) fractions at 106.59 ± 8.24, 97.38 ± 
3.46, and 87.05 ± 0.94 QE/g, respectively, compared 
with the crude extract. 

Antioxidant activities of A. lactiflora extract and 
fractions against DPPH and ABTS radicals 

The antioxidant activity of A. lactiflora against 
DPPH radicals is shown in Fig. 2A. The highest anti-
DPPH radical was observed in A. lactiflora crude ex-
tract at 317.33 ± 4.91 mg AE/g of dry extract. Lower 
anti-DPPH activity was observed in ethyl acetate, 
butanol (p=0.0001), diethyl ether (p<0.0001), residual 
(p<0.0001), and chloroform (p<0.0001) fractions at 
296.25 ± 7.79, 271.31 ± 9.39, 247.74 ± 10.01, 207.98 ± 
6.63, and 172.75 ± 5.69 mg AE/g of dry extract, re-
spectively, compared with the crude extract. 

The antioxidant activity of A. lactiflora against 
ABTS radical cations is shown in Fig. 2B. The highest 
anti-ABTS was also observed in A. lactiflora crude 
extract at 286.48 ± 9.46 mg AE/g of dry extract. Lower 
anti-ABTS activity was observed in butanol, ethyl 
acetate (p=0.0002), diethyl ether (p=0.0001), residual 
(p<0.0001), and chloroform (p<0.0001) fractions at 
268.79 ± 9.01, 238.33 ± 9.19, 237.43 ± 5.27, 163.15 ± 2.75, 
and 139.06 ± 10.84 mg AE/g of dry extract, respective-
ly, compared with crude extract. 

Cytotoxicity of A. lactiflora extract and fractions 

The cytotoxicity of A. lactiflora on H9c2 cells was 
analyzed using a neutral red assay and curve fitting 
analysis, as shown in Fig. 3. The results demonstrated 
that the median lethal concentrations (LC50) of the test 
substances A. lactiflora crude extract, diethyl ether, 
chloroform, ethyl acetate, butanol, and aqueous re-
sidual fractions were 28444.61, 46.77, 13740.42, 

https://jppres.com/


Kooltheat et al. Anti-inflammatory activity of A. lactiflora 

 

https://jppres.com  J Pharm Pharmacogn Res (2024) 12(3): 600 

 

9549.93, 6324.12 and 39174.19 µg/mL, respectively. 
The five percent lethal concentrations (LC5) of A. lacti-
flora crude extract, diethyl ether, chloroform, ethyl 
acetate, butanol, and aqueous residual fractions were 
21959.96, 15.84, 7760.52, 4634.91, 2487.82 and 24285.26 

µg/mL, respectively. The LC5 of each extract and 
fraction was used to investigate the cardioprotective 
anti-inflammatory activities of the rat cardiomyoblast 
cell line (H9c2) during sepsis. 

 

 

Figure 2. Antioxidant capacities of A. lactiflora extract and fractions.  

(A) DPPH free radical scavenging activity. (B) ABTS radical cation scavenging activity. 

Data represented mean ± standard deviation (SD) (n = 9). CRUDE: crude extract; Et2O: diethyl ether fraction; CHLF: chloroform fraction; 

EtOAc: ethyl acetate fraction; Both: butanol fraction; RES: residual salt fraction. One-way ANOVA, compared with CRUDE: *p<0.0001; 
ap=0.0001; bp=0.0002. 

 
 

 

Figure 3. Dose-response curve showing LC5 and LC50 of A. lactiflora extract and fractions.  

Cardiomyoblasts were treated with different concentration of test substances and analyzed for cytotoxicity by curve fitting analysis. (A) crude 

extract. (B) diethyl ether fraction. (C) chloroform fraction. (D) ethyl acetate fraction. (E) butanol fraction. (F) aqueous residual fractions. 

LC5: 5% lethal concentration; LC50: 50% lethal concentration. 
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A B 

 
 

Figure 4. Expression of pro-inflammatory genes, (A) TNF and (B) IL6.  

Cardiomyoblasts were stimulated with E. coli to induce pro-inflammatory response in combination with A. lactiflora extract and fractions. Gene expression 

was quantitatively analyzed by qRT-PCR.  

Data represented mean ± standard deviation (SD) (n = 9). UNTR CTRL: untreated control; CRUDE: crude extract; Et2O: diethyl ether fraction; CHLF: 

chloroform fraction; EtOAc: ethyl acetate fraction; Both: butanol fraction; RES: residual salt fraction; ASPR: aspirin; PRED: prednisolone. One-way ANOVA, 

compared with E. coli-stimulated cells: *p<0.0001. 

 
 

A B 

  

Figure 5. Secretion of pro-inflammatory cytokines, (A) TNF-α and (B) IL-6.  

Cardiomyoblasts were stimulated with E. coli to induce pro-inflammatory response in combination with A. lactiflora extract and fractions. Cytokine secretion 

was quantitatively analyzed by ELISA. 

Data represented mean ± standard deviation (SD) (n = 9). UNTR CTRL: untreated control; CRUDE: crude extract; Et2O: diethyl ether fraction; CHLF: chloroform 

fraction; EtOAc: ethyl acetate fraction; Both: butanol fraction; RES: residual salt fraction; ASPR: aspirin; PRED: prednisolone. One-way ANOVA, compared with 

E. coli-stimulated cells: *p<0.0001. 

 
Anti-inflammatory activities of A. lactiflora extract 
and fractions in H9c2 induced-sepsis 

The inflammatory responses of H9c2 cells were in-
vestigated by measuring pro-inflammatory gene ex-
pression (Fig. 4) and pro-inflammatory cytokine se-
cretion (Fig. 5). The potent inflammatory stimulator E. 
coli significantly upregulated the expression of TNF 
and IL6 to 6.62 ± 0.04 and 8.50 ± 0.17-fold, p<0.0001, 
respectively, compared with untreated control H9c2 
(1.00 ± 0.12 and 1.01 ± 0.21) (Fig. 4). A. lactiflora ex-
tract, diethyl ether, chloroform, ethyl acetate, butanol, 
and residual fractions showed the potential to signifi-
cantly downregulate TNF expression to 1.02 ± 0.14, 
2.24 ± 0.20, 2.13 ± 0.31, 0.98 ± 0.16, 1.60 ± 0.10, and 3.36 
± 0.19-fold, respectively, p<0.0001, compared with E. 
coli-treated H9c2 cells (Fig. 4A). IL6 was significantly 
downregulated by A. lactiflora extract, diethyl ether, 
chloroform, ethyl acetate, butanol, and residual frac-
tions to 0.30 ± 0.08, 0.91 ± 0.15, 1.19 ± 0.01, 0.96 ± 0.22, 
1.05 ± 0.11 and 1.29 ± 0.08-fold, p<0.0001, compared 

with E. coli-treated H9c2 cells (Fig. 4B). The ethyl ace-
tate fraction had the greatest potential to downregu-
late TNF expression in H9c2 cells under sepsis, while 
the crude extract had the greatest potential to down-
regulate IL6 expression. The activity of A. lactiflora 
extract and fractions was comparable to the activity of 
the anti-inflammatory drugs (aspirin and predniso-
lone) in downregulating pro-inflammatory gene ex-
pression. Aspirin significantly downregulated expres-
sion of TNF and IL6 to 0.93 ± 0.09 and 0.91 ± 0.10-fold, 
p<0.0001, compared with E. coli-treated H9c2. Predni-
solone significantly downregulated the expression of 
TNF and IL6 to 0.58 ± 0.04 and 0.91 ± 0.15– fold, 
p<0.0001, compared with E. coli-treated H9c2.  

Baseline secretion of TNF-α and IL-6 from untreat-
ed control H9c2 was 484.94 ± 12.54 and 477.21 ± 34.46 
pg/mL (Fig. 5). E. coli significantly increased secre-
tions of TNF-α and IL-6 to 660.83 ± 29.17 and 764.27 ± 
45.82 pg/mL, p<0.0001, compared with untreated 
control H9c2. A. lactiflora extract, diethyl ether, chloro-
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form, ethyl acetate, butanol, and residual fractions 
significantly decreased secretion of TNF-α to 379.58 ± 
23.75, 309.58 ± 22.92, 401.25 ± 10.42, 190.42 ± 15.42, 
63.75 ± 17.08 and 232.50 ± 55.00 pg/mL, respectively, 
p<0.0001, compared with E. coli-treated H9c2 (Fig. 
5A). IL-6 secretion was significantly alleviated by A. 
lactiflora extract, diethyl ether, chloroform, ethyl ace-
tate, butanol, and residual fractions to 293.73 ± 47.11, 
202.36 ± 4.45, 308.95 ± 7.32, 230.36 ± 55.36, 106.91 ± 
15.27 and 171.39 ± 15.76 pg/mL, p<0.0001, compared 
with E. coli-treated H9c2 (Fig. 5B). The butanol frac-
tion has the greatest potential to alleviate pro-
inflammatory cytokines (TNF-α and IL-6) secretion in 
H9c2 cells during sepsis. The activity of A. lactiflora 
extract and fractions was comparable to that of the 
anti-inflammatory drugs (aspirin and prednisolone) 
in decreasing the secretion of pro-inflammatory cyto-
kines. Aspirin significantly decreased secretion of 
TNF-α and IL-6 to 240.42 ± 51.27 and 281.65 ± 42.36 
pg/mL, p<0.0001, compared with E. coli-treated H9c2. 
Prednisolone significantly decreased secretion of 
TNF-α and IL-6 to 153.13 ± 14.44 and 193.45 ± 16.65 
pg/mL, p<0.0001, compared with E. coli-treated H9c2. 

DISCUSSION 

Sepsis is a serious public health problem caused by 
inflammation of multiple organs, primarily the heart 
(World Health Organization, 2020). Infectious in-
flammation caused by Gram-negative bacteria in-
creases body temperature, heart rate, respiratory rate, 
white blood cell count, tissue damage, and abnormal 
blood electrolytes. When the severity of sepsis in-
creases, there is lower blood flow to the organ, lead-
ing to organ dysfunction and eventually death. The 
heart is the primary organ that responds to sepsis 
(Russell et al., 2018). Therefore, studying cardiac sep-
sis models would be informative for finding new 
approaches to prevent and treat severe sepsis. In this 
study, a rat cardiomyoblast cell line (H9c2) was used, 
as it has the properties of cells in the heart muscle 
linked to myocardial infarction and heart failure (Ki-
mes and Brandt, 1976). 

Most gram-negative bacteria contain LPS in their 
cell walls. LPS is a potent stimulus for inflammation, 
although it binds to TLR4 on the surface of immune 
cells and the epithelium. This binding activates NF-
κB-dependent pro-inflammatory genes and cytokine 
expressions, such as TNF-α and IL-6 (Lawrence, 
2009). These cytokines are responsible for the activa-
tion of immune cells to destroy the infected bacteria 
and cause inflammatory damage to the infected area. 
When the infection is uncontrolled, inflammation of 
tissues and organs spreads (Chousterman et al., 2017). 
A live culture of E. coli was used to induce inflamma-
tory responses in this study, as it is the most common 

gram-negative bacterium found in the environment 
and is the major cause of hospital-acquired infections 
and deaths (Markwart et al., 2020). 

Plants of the genus Artemisia are widely used in 
traditional medicine and as food ingredients. Some 
are proven to have medicinal properties, such as anti-
malarial activity in Artemisia annua (Alesaeidi and 
Miraj, 2016), peptic ulcer treatment in Artemisia argyi 
(Wang et al., 2019), and treatment of immunological 
and gynecological diseases in Artemisia vulgaris (Ek-
iert et al., 2020). However, previous studies have only 
investigated the anti-cancer and phytochemical com-
position of A. lactiflora (Lin et al., 2014; Nakamura et 
al., 1999). Therefore, we investigated the cardioprotec-
tive anti-inflammatory activities of A. lactiflora to add 
valuable information to the knowledge of the medici-
nal use of Artemisia. 

Investigation of phytochemicals revealed that A. 
lactiflora crude extract contains a high quantity of 
phenolics and flavonoids (Fig. 1). The ethyl and chlo-
roform fractions had significantly lower phenolic and 
flavonoid contents (p≤0.005) than the crude extract, as 
it was the removal of non-polar and non-phenolic 
contents from the extract by solvent fractionation 
(Kooltheat et al., 2014; Verma et al., 2009). The ethyl 
acetate and butanol fractions had higher phenolic and 
flavonoid contents than the crude extract, as was ob-
tained from the fractionation of phenolic-rich con-
tents. These two fractions were the most purified ex-
tracts of A. lactiflora in our study. Residual phyto-
chemicals were present in the residual fraction with a 
higher phenolic content than in the diethyl ether and 
chloroform fractions (p<0.0001). Our A. lactiflora ex-
tract and fractions had higher phenolic and flavonoid 
contents than those reported in previous studies 
(Kooltheat et al., 2021; Udomwasinakun et al., 2023). 
This indicates a higher efficiency of extraction and 
competency in the preservation of the extract. 

The in vitro antioxidant activity of A. lactiflora was 
quantified against both DPPH free radicals and ABTS 
cation radicals (Fig. 2). Antioxidant activities correlat-
ed with phenolics and flavonoids in the extracts and 
fractions. The crude extract, ethyl acetate, and butanol 
fractions, among others, had relatively high anti-
DPPH and anti-ABTS activities. The crude extract, 
although with less purification, had the highest anti-
oxidant activity due to the presence of antioxidant 
enzymes and intact vitamins in its contents (Nadara-
jah, 2020). The antioxidant activity of diethyl ether 
was not concurrent with its phenolic and flavonoid 
content. This may be due to the activity of non-polar 
phytochemicals in the fraction (Lee et al., 2003). Our 
anti-DPPH and anti-ABTS activities of A. lactiflora 
extract and fractions were correlated with those of a 
previous study (Kooltheat et al., 2021). These results 
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confirmed the potency of A. lactiflora extract and frac-
tions as plant-derived antioxidants. 

Evaluation of cytotoxicity revealed that the extract 
and fractions of A. lactiflora had various toxicities to 
cardiomyoblasts, mostly correlated with the polarity 
of the extract and fractions (Fig. 3). The diethyl ether 
fraction, with the lowest polarity, exhibited the high-
est cytotoxicity (lowest LC50). In contrast, the residual 
salt fraction had the highest polarity and lowest cyto-
toxicity (highest LC50). Our toxicity results correlated 
with those of a previous study, which showed that 
the toxicity of A. lactiflora extract and fractions de-
pended on the polarity of solvents used in extraction 
and fractionation (Kooltheat et al., 2021; Verma et al., 
2009). We found that the LC50 (50% toxicity) of A. 
lactiflora extract on cardiomyoblasts was approximate-
ly 10-times higher than that in a previous toxicity 
study on human macrophages (Kooltheat et al., 2021). 
These results indicate that cardiomyocytes are re-
sistant to phytochemicals or have tolerance mecha-
nisms. However, we only used LC5 (5% toxicity) con-
centration of extract and fraction for the investigation 
of cardioprotective anti-inflammatory activities to 
avoid interference with the normal process and 
mechanisms of the cells. 

In the investigation of cardioprotective anti-
inflammatory activities, we stimulated the sepsis 
condition of cardiomyocytes with E. coli by co-
treatment with A. lactiflora extract and fractions. E. coli 
potentially upregulated pro-inflammatory gene (TNF, 
IL6) expressions (Fig. 4) and increased pro-
inflammatory cytokine (TNF-α, IL-6) secretions (Fig. 
5) in cardiomyoblasts (p<0.0001) compared to un-
treated control cells. Co-treatment with A. lactiflora 
significantly alleviated the inflammatory responses, 
downregulated pro-inflammatory gene expressions, 
and decreased pro-inflammatory cytokine secretions 
(p<0.0001) compared with cardiomyoblasts under 
sepsis (Figs. 4-5). The most potent A. lactiflora in the 
downregulation of TNF expression was the ethyl ace-
tate fraction, while the most potent in the downregu-
lation of IL6 expression was the crude extract. The 
most potent A. lactiflora in decreasing pro-
inflammatory cytokine (TNF-α, IL-6) secretions was 
the butanol fraction, the phenolic-rich fraction in our 
separation method. The activities of our A. lactiflora 
extract and fractions were consistent with the activi-
ties of anti-inflammatory drugs, both non-steroids 
(aspirin) and steroids (prednisolone) (Figs. 4-5). This 
result indicated the cardioprotective activities of A. 
lactiflora in alleviating the pro-inflammatory respons-
es of cardiomyoblasts under infectious sepsis condi-
tions. Phytochemicals in A. lactiflora may interfere 
with the phosphorylation activation of molecules in 
the NF-κB pathway or directly prevent the binding of 

NF-κB to the target DNA (Gilmore and Herscovitch, 
2006). The anti-inflammatory activities of other Arte-
misia species have also been recognized. Extracts of A. 
annua (Kim et al., 2015), A. fukudo (Yoon et al., 2007), 
and A. montana (Jeong et al., 2018) showed anti-
inflammatory activities by lowering prostaglandin 
and nitric oxide production. In addition, our A. lacti-
flora extracts may have similar activities. 

This study only investigated the cardioprotective 
anti-inflammatory activities of the major fractions of 
A. lactiflora in an in vitro infectious sepsis model. The 
separation of a single unique phytochemical and the 
study of specific molecular mechanisms may provide 
details for the development of plants as new drugs. 
Additional in vivo animal models and clinical trials 
are needed to prove these beneficial activities. The use 
of A. lactiflora as a dietary supplement capsule or for 
medicinal use might have cardioprotective anti-
inflammatory benefits, but we recommend only con-
suming fresh leaves with other foods to avoid adverse 
toxicity. 

CONCLUSION 

A. lactiflora had noticeably high phenolic and fla-
vonoid contents and considerably high antioxidant 
activities. It exhibited cardioprotective anti-
inflammatory activities in a cardiac sepsis model by 
alleviating the inflammation caused by bacterial infec-
tion. A. lactiflora downregulates pro-inflammatory 
gene expressions and decreases pro-inflammatory 
cytokine secretions. Thus, it may be used as an alter-
native and complementary medicine to prevent and 
treat infectious cardiac sepsis. 
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