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 Abstract: Launaea sarmentosa (Willd.) Kuntze, a medicinal herb known for treating 
inflammatory diseases, was examined for its anti-inflammatory compounds to identify 
novel therapies. This study indicated that hexane and ethyl acetate fractional extracts 
significantly reduced NO secretion in LPS-stimulated RAW264.7 macrophages, 
indicating the presence of potential anti-inflammatory compounds. Additionally, four 
anti-inflammatory compounds, including taraxasteryl acetate (1), esculetin (2), 
pyrimidine-2,4-dione (3), and 5-hydroxypryrolidin-2-one (4), were isolated, and their 
structures were characterized using 1D and 2D-NMR. This study marked the first report 
of taraxasteryl acetate, pyrimidine-2,4-dione, and 5-hydroxypryrolidin-2-one being 
isolated from this species. Furthermore, these compounds exerted their anti-
inflammatory role by inhibiting NO production and TNF-α expression. Thus, this study 
contributes to identifying anti-inflammatory constituents from L. sarmentosa and 
highlights a potential approach for developing phytotherapeutic agents. 

Keywords: anti-inflammatory; Asteraceae; Launaea sarmentosa; isolation; RAW264.7 
macrophages 

 
■ INTRODUCTION 

Launaea sarmentosa (Ls), part of the Asteraceae 
family, is a valued medicinal herb recognized for its 
diverse therapeutic benefits. In Vietnam, Ls has been 
domesticated and is extensively cultivated. Traditionally, 
Ls is celebrated for its strong medicinal qualities, 
particularly in treating coughs, expelling phlegm, and 
lowering fevers [1-3]. Previous studies on Ls have 
identified several bioactive compounds, including 
polyphenols, flavonoids, saponins, alkaloids, tannins, and 
steroids [4]. Moreover, Ls exhibits significant 
antibacterial, antioxidant, and hepatoprotective activities 
[2,5-6]. Besides, methanol extracts have shown potent 
inhibition of proinflammatory cytokines [2,7]. However, 
the specific natural compounds responsible for its anti-
inflammatory effects have yet to be thoroughly 

investigated. This also restricts the availability of 
effective inflammatory therapies. 

Inflammation is a crucial immune system defense 
mechanism, responding to infection or irritation. While 
it is vital for healing and protection, chronic 
inflammation can contribute to the development and 
progression of various diseases, including diabetes, 
cancer, and Alzheimer's diseases [8-9]. Macrophages are 
key contributors to the inflammatory response, 
controlling the release of cytokines, chemokines, and 
various other inflammatory mediators [10-11]. Among 
these, nitric oxide (NO), prostaglandin E2 (PGE2), 
interleukin-6 (IL-6), and tumor necrosis factor-alpha 
(TNF-α) are especially important [12]. Inducible nitric 
oxide synthase (iNOS) catalyzes the NO production in 
macrophages, hepatocytes, and renal cells, and its 
activation is triggered by stimuli such as 
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lipopolysaccharide [13]. Excessive NO production is 
strongly implicated in the pathogenesis of various 
inflammatory disorders, including sepsis, inflammation-
induced tissue damage, and rheumatoid arthritis [14-16]. 
Excessive NO production is a characteristic of the 
inflammatory response, contributing to both its 
protective and harmful effects. As a result, tracking 
changes in NO levels is crucial for assessing the 
effectiveness of anti-inflammatory compounds [15,17]. 
Collectively, to devise new strategies for drug 
development and gain a comprehensive understanding of 
the potential of natural products, this study further explores 
anti-inflammatory constituents from Ls using RAW264.7 
macrophage cells in LPS stimuli. 

■ EXPERIMENTAL SECTION 

Materials 

L. sarmentosa (Ls) was harvested in Ben Tre 
province, Vietnam, in August 2022. The specimen of Ls 
was botanically authenticated by Assoc. Prof. Dang Minh 
Quan and stored under specimen code 
VNM00082022CTU of Nation Plant Resources Center, 
Vietnam. All chemical reagents, including dimethyl 
sulfoxide (DMSO), Dulbecco's Modified Eagle Medium 
(DMEM), and penicillin-streptomycin, were purchased 
from Sigma-Aldrich, Germany, except Griess-reagent, 
Lipopolysaccharide (LPS), N-Nitro-L-arginine methyl 
ester (L-NAME) from FUJIFILM-Wako, Japan; Trizol 
reagent from Invitrogen, Cell Counting Kit-8 assay 
(CCK-8) from Dojindo Molecular Technologies Inc., and 
Fetal Bovine Serum (FBS) from Hyclone, USA; Qiagen 
RNeasy Kit from Qiagen, Transcriptor Universal cDNA 
Master Mix and FastStart Essential DNA Green Master 
Mix from Roche, Germany. For the extraction and 
isolation process, solvents such as acetone, methanol, 
ethanol, n-hexane, ethyl acetate, dichloromethane, and 
chloroform were used in this research from Xilong, China. 

Instrumentation 

Following the extraction process, a waring two-
Speed laboratory blender (Cole-Parmer, USA), Elmasonic 
S100H ultrasonic water bath (Elma, Germany), and 
rotavapor R300 (BUCHI, Switzerland) were used as the 

initial step for preparing crude extract. Biotek Epoch 
microplate reader (BioTek, USA) was used to evaluate 
the bioactivity. SimpliAmp™ Thermal Cycler (Life 
Technologies, Singapore) and Light-Cycler 96 (Roche, 
Germany) were applied for RT-qPCR assay. For 
experimental analysis, thin layer chromatography (TLC, 
precoated aluminum silica gel plate 60-F254 or RP-18 
F254) and silica gel 60 particle size 0.04–0.063 mm were 
obtained from Merck, Germany. Fourier transform 
infrared (FTIR) data were conducted by FT/IR-6700 
(Jasco, Japan). Besides, all spectra data of 1D and 2D-
nuclear magnetic resonance (NMR) were measured 
using Bruker Avance III-600 MHz (Bruker, 
Rheinstetten, Germany) at the Kyoto Institute of 
Technology (Kyoto, Japan) and Vietnam Academy of 
Science and Technology (Ha Noi, Vietnam). 

Procedure 

Extraction and isolation 
The aerial part of Ls was carefully checked, the root 

and soil were removed, and then washed under tap water 
and dried at 55 °C in an oven without light. The sample 
was then ground using a blender to obtain a dry powder 
and kept at −20 °C for further extraction. The moisture 
content of the dried sample was recorded as 
5.08 ± 0.99%. The crude extract of Ls was obtained using 
an ultrasound-assisted extraction method. Briefly, 1 kg 
of dried powder was separated, added to a small bag, and 
then soaked directly into methanol (e.g, a ratio of 
solvent-to-material, 21 mL/g) under an ultrasound 
frequency of 37 kHz and 500 W nominal power 
according to the optimal extract process. Next, all 
supernatants were combined, filtered, and concentrated 
using Rotavapor R300 to obtain the crude extract 
(126.7 g), yielding 12.67%. The crude extract was stored 
at 4 °C for further investigation. 

An amount of 100 g crude extract was partitioned 
in ascending order of polarity solvents, resulting in 
24.6 g of n-hexane fraction (Hex-frc), 8 g of ethyl acetate 
fraction (EtOAC-frc) and 12.4 g of aqueous fraction 
(Aq-frc), respectively. According to the initial step of 
isolation process, the n-hexane fraction was subjected to 
normal-phase column chromatography, then eluted 
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with gradient of n-hexane, ethyl acetate and methanol 
(Hex:EtOAc:Me, 100:0:0–0:0:100), producing 18 sub-
fractions based on TLC analysis, as numbered H.1–H.18. 
Here, sub-fraction H.2 (3.2 g) was repeatedly purified 
using n-hexane to obtain compound 1 (formed a colorless 
oily wax, 2.5 mg). Besides, the ethyl acetate fraction was 
similar subjected and eluted with Hex:EtOAc:Me 
(100:0:0–0:0:100), yielding 10 sub-fractions (E.1–E.10). 
Sub-fractions E.3 (3.54 g) was divided into 4 small sub-
fractions which assigned as E.3.1–E.3.4. Compound 2 
(formed amorphous pale yellow powder, 7 mg) was 
isolated from sub-fraction E.3.2.3 using chloroform. 

Similarly, sub-fraction E.6 (5.88 g) was repeatedly 
purified with a gradient of Hex:EtOAc:Me (100:0:0 to 
0:0:100) to afford 4 small sub-fractions (E.6.1–E.6.4). TLC 
analysis of sub-fraction E.6.2 (520 mg) confirmed the 
presence of compound 3, which was then isolated by 
column chromatography by eluting with n-hexane and 
ethyl acetate (75:25). After the separation, compound 3 
was recovered as 9 mg of white crystalline. Besides that, 
sub-fraction E.6.3 was also separated with the increasing 
of polarity solvents (EtOAc:Me, 100:0 to 0:100) to obtain 
3 small sub-fractions (E.6.3.1–E.6.3.3). Among sub-
fraction E6.3.2, a single orange-yellow spot appeared in 
TLC but contained impurities, then was purified twice 
time by a gradient solvent of chloroform: methanol (96:4), 
resulting in compound 4 (formed colorless crystals, 
3.7 mg). 
Compound 1, colorless oily wax. 1H-NMR (600 MHz, 
CDCl3, δ, ppm, J/Hz): 4.62 (1H, dd, J = 1.8 & 7.8 Hz, H-
3), 4.50 (2H, m, H-30), 2.47 (1H, m, H-21a), 2.22 (1H, m, 
H-21b), 2.10 (1H, m, H-19), 2.04 (3H, s, H-1), 1.73 (m, H-
1), 1.70 (m, H-12a), 1.69 (m, H-2), 1.67 (m, H-15a), 1.63 
(m, H-13), 1.55 (m, H-6, H-11), 1.42 (m, H-7), 1.37 (m, H-
9), 1.26 (m, H-16a), 1.16 (m, H-12b, H-16), 1.05 (s, H-26), 
1.032 (d, J = 6.6 Hz, H-29), 1.00 (m, H-18), 0.97 (s, H-15b), 
0.95 (s, H-27), 0.93 (s, H-25), 0.88 (s, H-23), 0.86 (d, J = 
7.2 Hz, H-5), 0.85 (s, H-28), 0.84 (3H, m, H-24). 13C-NMR 
(150 MHz, CDCl3, δ, ppm): 171.0 (C-1ꞌ), 154.7 (C-20), 
107.1 (C-30), 81.3 (C-1), 55.5 (C-5), 50.5 (C-9), 48.7 (C-
18), 42.1 (C-14), 41.0 (C-8), 39.4 (C-19), 39.2 (C-13), 38.9 
(C-22), 38.5 (C-1), 38.3 (C-16), 37.8 (C-4), 37.1 (C-10), 
34.6 (C-17), 34.1 (C-7), 28.0 (C-23), 26.7 (C-15), 26.2 (C-

12), 25.7 (C-21), 25.5 (C-29), 23.7 (C-2), 21.5 (C-11), 
21.3 (C-2ꞌ), 19.5 (C-28), 18.2 (C-6), 16.5 (C-24), 16.4 (C-
25), 15.9 (C-26), 14.8 (C-27). 
Compound 2, amorphous pale yellow powder. 1H-
NMR (600 MHz, DMSO-d6, δ, ppm, J/Hz): 7.86 (1H, d, 
J = 9.6 Hz, H-3), 6.78 (1H, s, H-5), 6.74 (1H, s, H-8), 6.16 
(1H, d, J = 9.6 Hz, H-4). 13C-NMR (150 MHz, DMSO-d6, 
δc ppm): 160.7 (C-2), 150.4 (C-7), 148.5 (C-6), 144.4 (C-
4), 142.8 (C-9), 112.3 (C-5), 111.5 (C-3), 110.7 (C-10), 
102.6 (C-8). 
Compound 3, white crystals. 1H-NMR (600 MHz, 
DMSO-d6, δ, ppm, J/Hz): 11.04 (2H, brs, H-1 & H-3), 
7.36 (1H, d, J = 7.6 Hz, H-6), 5.49 (1H, d, J = 7.6 Hz, H-
5). 13C-NMR (150 MHz, DMSO-d6, δc ppm): 166.2 (C-
4), 153.0 (C-1), 143.8 (C-6), 101.7 (C-5). 
Compound 4, colorless crystals. 1H-NMR (600 MHz, 
CD3OD, δ, ppm, J/Hz): 5.17 (1H, dd, J = 6.6 & 1.2 Hz, 
H-5), 2.48 (2H, m, J = 16.8, 9.6 & 3.0 Hz, H-3a), 2.37 (2H, 
m, H-4a), 2.19 (2H, m, H-3b), 2.03 (2H, m, H-4b). 13C-
NMR (150 MHz, CD3OD, δ, ppm): 181.4 (C-2), 85.3 (C-
5), 29.8 (C-4), 29.2 (C-3). 

Cytotoxicity assay 
RAW264.7 macrophages, a density of 2×105 

cells/well, were seeded in a 96-well plate in DMEM 
(ingredients included 10% FBS, 1% L-glutamine, and 
penicillin-streptomycin) and then incubated at 37 °C, 
95% humidity, 5% CO2. Next, cells were immersed in a 
medium, followed by the addition of samples at various 
concentrations of extract (50, 100, 200, 400 μg/mL) or 
compounds (0–16 μg/mL) for 24 h, and stimulated in 
the presence of LPS (1 μg/mL) for 18 h. Subsequently, 
the medium was removed, washed twice with phosphate 
buffer saline (PBS), and 100 μL CCK-8 was added 
according to the manufacturer’s instructions. Finally, 
the absorbance was recorded at 450 nm using a 
microplate reader, as described in a previous report [2]. 

Nitric oxide inhibitor assay 
Cells were similarly cultured in a 24-well plate 

under the conditions above, following LPS-stimulated 
for 18 h. NO secretion was assessed to evaluate the 
efficiency of each sample (e.g., a safe concentration of 
200 μg/mL for extract or 0–4 μg/mL of isolated 
compounds) under LPS-induced inflammation [2]. 
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Briefly, an equal volume of cell supernatant and Griess 
reagent was incubated without slight at room temperature 
within 10 min. The absorbance was measured at the 
wavelength of 540 nm. The NO concentration was 
determined according to the NaNO2 calibrate curve 
(y = 0.0034x + 0.0093; R2 = 0.9992) in comparison with 
negative control as only culture medium without LPS and 
positive control as N-Nitro-L-arginine methyl ester (L-
NAME, 100 μM). 

Real-time qPCR assay 
Cells were cultured in a 6-well plate and then 

incubated within purified compounds at 4 μg/mL in the 
presence of LPS (1 μg/mL). Subsequently, total RNA was 
extracted and purified using Trizol and Qiagen RNeasy 
Kit, respectively, according to the manufacturer’s 
instructions, and then stored at −80 °C for further 
analysis. mRNA was converted into cDNA using a 
SimpliAmp™ Thermal Cycler. After that, the polymerase 
chain reaction in the mixture of cDNA sample and 
specific primes was quantified using FastStart Essential 
DNA Green Master Mix and Light-Cycler 96. β-actin, as 
a standard housekeeping gene for normalizing control. 
All primers were used in this experiment, as mentioned in 
Table S1. 

Data analysis software 
All experiments were performed in triplicate, and 

the results were stated as mean ± standard deviation (SD) 
using ANOVA with GraphPad Prism 8.0.1 software 
(GraphPad Software Inc., USA). 

■ RESULTS AND DISCUSSION 

Evaluation of Cytotoxicity and Anti-Inflammatory 
Activity 

Prior to the isolation of anti-inflammatory 
compounds, the cytotoxicity and the inflammatory 
suppression were initially investigated to evaluate the 
effect of Ls extract and its fraction their extract on LPS-
stimulated macrophages. Preliminary evaluation results 
indicated that the cell survival of Ls and its fraction was 
not significantly changed in comparison with the control 
group at 200 μg/mL, presenting a safe concentration for 
further experiments. While LPS-activated macrophages 

could enhance cell damage, as formed apoptosis and 
pyrosis, easily observed via morphological cell changing, 
co-incubating these fractions with LPS could improve 
cell viability (data not shown) [17]. These results were in 
accordance with our previous study that stated Ls extract 
and its fraction could protect macrophages against LPS-
induced cell damage [2]. 

NO plays an important role as a toxic defense 
signaling molecule against infectious organisms, related 
to many aspects of immunomodulation and 
inflammation response [14-15]. Indeed, removing NO 
excess was demonstrated to improve abnormally high 
NO secretion in hepatic failure and sepsis [18]. Here, 
NO-releasing since LPS-incubated was higher in 
comparison with a control group, reaching a 
concentration up to 89.91 μM; whereas this value was at 
22.66 μM in the absence of LPS (Table S2). Obviously, 
NO production increased markedly during LPS-
stimulated macrophages, indicating one of the immune 
manifestations in response to inflammation after 
infection [19]. Additionally, the reference control of L-
NAME, as a commercial inhibitor of NOS, significantly 
reduced NO secretion (75.3 μM of NO concentration). 
Notably, co-incubation with Ls crude extract and its 
fraction also suppressed the NO level from LPS-
stimulated macrophages following the order of EtOAc-
frc (64.52 μM), Hex-frc (68.17 μM), Ls crude extract 
(71.77 μM) and Aq-frc (72.85 μM), respectively. It is also 
worth noting that the NO inhibition observed may be 
attributed to non-polar and moderately polar 
compounds, such as flavonoids and terpenoid groups, 
identified during fractionation steps. Hence, EtOAc-frc 
and Hex-frac were chosen to isolate active compounds, 
and their efficacy in inflammation response was assessed. 

Anti-Inflammatory Effect of Active Compounds 

Concerning the presence of anti-inflammatory 
ingredients, all isolated compounds were investigated 
the cytotoxicity with and without LPS-stimulated on 
RAW264.7 cells. Among these compounds isolated from 
Hex-frac and EtOAC-frac, compound 1 was in minimal 
quantities, which was inadequate for bioassay. 
Consequently, compounds 2, 3, and 4 were selected to 
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investigate their anti-inflammatory effects in greater 
detail further. 

As illustrated in Fig. 1(a), there is no cytotoxicity up 
to 8 μg/mL for the incubation group compared to the 
non-incubated compounds, except compound 2. Besides, 
in the presence of LPS, a similar trend was observed, as 
noted that the percentage of cell survival reduced by about 
20% at 8 μg/mL of compound 2 (Fig 1(b)). Obviously, in 
terms of macrophage morphology, cells from LPS-
stimulated exhibited shrinkage, cell membrane rupture, 
and cell death, resulting in a decreased cell density (Fig. 
2(b)) [2,20]. Notably, cells pretreated with compounds 3 
and 4 retained their original round shape despite LPS 
stimulation at 8 μg/mL (Fig. 2(d) and 2(e)). Conversely, 
compound 2 demonstrated higher toxicity, causing 
abnormal cell deformation, indicating significant 
cytotoxic effects at similar conditions (Fig. 2(c)). This 
could improve the hypothesis that the existence of these 

compounds is not only non-cytotoxic but also offers 
protection against LPS-induced cellular damage. 

Regarding the expression of proinflammatory 
mediators, the NO level was reliably employed to evaluate 
the effect of the active ingredients under LPS-induced 
inflammation. As expected, pretreatment with 
compounds 2, 3, and 4 markedly suppressed NO 
production (Fig. 3). This observation pointed out that 
these compounds exhibited anti-inflammatory properties; 
however, the toxicity at higher concentrations might be 
causing the limitation of their therapeutic application. 
These findings illustrated that these compounds 
effectively inhibited the production of inflammatory 
mediators, for example, NO, in LPS-stimulated 
RAW264.7 macrophages while maintaining non-toxic 
concentrations. 

To enhance the evidence for the anti-inflammatory 
activity of these compounds, the level of proinflammatory  

 
Fig 1. Cytotoxicity of compounds in the presence (a) and absence (b) of LPS-stimulated RAW264.7 cell. Data are 
presented as mean ± S.D (n = 6); *, p-value < 0.05; ***, p-value < 0.001; ****, p-value <0 .0001 vs. cell was treated with 
medium; ns: non-significant 
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Fig 2. The cell morphology in the presence of compounds (8 μg/mL) was observed under LPS-incubated. (a) Cell was 
treated with medium only; (b) cell was incubated with LPS; (c) cell was pretreated with compound 2, followed by LPS; 
(d) cell was pretreated with compound 3, followed by LPS; and (e) cell was pretreated with compound 4, followed by 
LPS 

 
Fig 3. Effects of compounds 2, 3, and 4 on NO production under LPS stimulation. Data are presented as mean ± S.D 
(n = 6); **, p-value < 0.01; ***; p-value < 0.001; ****, p-value < 0.0001 vs. LPS-treated group; ns: non-significant 
 
cytokine, such as TNF-α, was investigated using qRT-
PCR. TNF-α is one of the central cytokines produced by 
the immune system that directly promotes inflammatory 
reactions and indirectly induces cell death [21]. 
Moreover, TNF-α regulates NOS expression, influencing 
NO secretion and the homeostatic environment of 
vascular endothelial cells [22]. As illustrated in Fig. 4, 
adding compounds 2, 3, and 4 significantly suppressed 
the mRNA expression of TNF-α by 2.1, 1.3, and 3.0-fold, 
respectively, while LPS caused overexpression of TNF-α 
level. Compound 4 exerted the highest adequate 

compared to other compounds. Hence, these results 
indicated that the existence of active ingredients might 
alleviate the expression of proinflammatory mediators, 
suggesting their protective role against infection. 

Identification of Compounds 

The structures of four compounds isolated from Ls 
were elucidated by analyzing 1D, 2D-NMR, and MS 
spectroscopic data and by comparison with the previously 
reported spectral data (Fig. 5). The 1H-NMR spectrum of 
this compound displayed characteristic signals indicative  
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Fig 4. Effects of isolated compounds (4 μg/mL) on mRNA 
TNF-α level under LPS stimulation. Data are presented as 
mean ± S.D (n = 4); ***, p-value < 0.001; ****, p-value < 
0.0001 vs. LPS-treated group 

 
Fig 5. Chemical structure of compounds 1–4 isolated 
from L. sarmentosa 

of triterpenes. Specifically, methyl group signals were 
observed at δH 0.84, 0.83, 0.86, 0.88, 0.93, 0.95, and 
0.97 ppm (Fig. S1–S5). Additionally, a distinct singlet at 
δH 2.04 (3H, s) suggested the presence of an acetyl group 
within the molecule. The 13C-NMR spectrum further 
corroborated this structure, showing 32 distinct carbon 
resonances, including two olefinic carbons at δC 154.7 and 
107.1 ppm, which are characteristic of a double bond in a 
taraxerane skeleton. Moreover, the 13C-NMR spectrum 
revealed a signal at δC 171.0 ppm, corresponding to the 
carbon of the acetyl group. Compound 1 was conclusively 
identified as taraxasteryl acetate, consistent with previous 
reports [23]. Recently, taraxesteryl acetate showed notable 
anti-inflammatory effects in a mouse ear edema model 

induced by chemicals such as phorbol-12-myristate-13-
acetate and croton oil [24]. Besides, taraxasterol, a 
precursor of taraxesteryl acetate, significantly reduced 
the production of NO, PGE2, TNF-α, interleukin-1β 
(IL-1β), and IL-6 in LPS-stimulated RAW264.7 
macrophages, with effects dependent on the dose [25]. 
However, no studies have examined the anti-
inflammatory effects of taraxesteryl acetate on 
RAW264.7 macrophages, and this study was limited by 
the inadequate weight of isolated taraxesteryl acetate, 
which fell short of the experimental requirements. 

The FTIR spectrum of compound 2 revealed distinct 
absorption bands that aid in understanding its molecular 
structure. The broad peak at 3195 cm−1 indicates an O–
H stretching vibration. A strong absorption band at 
1666 cm−1 suggests a carbonyl group, likely a ketone or 
aldehyde, while the peak at 1279 cm−1 corresponds to a 
C–O stretching vibration, indicating the presence of an 
ether or ester functional group (Fig. S7). The 1H-NMR 
spectrum displayed signals for two singlet signals of 
aromatic protons at δH 6.78 and 6.74 ppm. Doublet 
signals at δH 6.16 and 7.86 ppm with J = 9.6 Hz also 
displayed two aromatic protons (Fig. S8–S9). The 13C-
NMR spectrum indicated the presence of a carbonyl 
group at δC 160.7 ppm, four signals of carbons of the 
aromatic ring: δC 112.3, 111.5, 110.7, and 102.6 ppm, in 
there, signals at δC 150.4 and 148.5 ppm is an oxygenated 
quaternary carbon group (Fig. S10–S11). From the 
above evidence and in comparison with the NMR data, 
the structure of compound 2 was elucidated as esculetin 
[26]. Recent research indicates that esculetin effectively 
suppresses inflammation by targeting key signaling 
pathways, particularly the nuclear factor κ-B (NF-κB) 
and mitogen-activated protein kinase (MAPK) pathways. 
By lowering critical proinflammatory molecules such as 
TNF-α, IL-1β, and IL-6, esculetin significantly mitigates 
the inflammatory response [27-29]. As described in Fig. 
3, esculetin at 4 μg/mL (20 μM) inhibited NO 
production by 22%, similar to prior research showing an 
IC50 of 34 μM in RAW264.7 macrophages [30]. 

The 1H-NMR spectrum revealed resonance signals 
for two protons from secondary amine groups at δH 11.04 
(2H, brs), as well as two protons from a conjugated double 
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bond in an aromatic ring at δH 7.36 and 5.49 ppm with 
doublet signals (J = 7.6 Hz). The 13C-NMR spectrum 
displayed signals for four carbons: two quaternary carbons 
at δC 166.2 and 153.0 ppm and two olefinic methine groups 
at δC 143.8 and 101.7 ppm. This one-bond pairing indicated 
a proton bound to one sp2‑hybridized aromatic carbon. 
The resonance at δH 7.36 ppm likewise showed a one-bond 
correlation with δC 143.8 ppm, consistent with a proton 
attached to a more de-shielded aromatic carbon center 
(Fig. S12–S13). Additionally, the HSQC and HMBC spectra 
further clarified long‑range connectivity (Fig. S14–S17). 
The proton at δH 5.49 ppm exhibited three-bond couplings 
to δC 143.8 ppm (C6) and to δC 166.2 ppm (C4), confirming 
its spatial proximity to the conjugated carbonyl moiety 
(C4). Meanwhile, the proton at δH 7.36 ppm displayed 
two‑bond and three‑bond correlations to δC 101.7 (C5), 
153.0 (C2), and 166.2 ppm (C4). Utilizing the HMBC and 
HSQC spectra, the structure of compound 3 has been 
identified as pyrimidine-2,4-dione (another name is uracil), 
consistent with a previous report [31]. Additionally, 
50 μM pyrimidine-2,4-dione did not significantly inhibit 
NO production in RAW264.7 macrophages, indicating 
that higher doses may be required. Conversely, our result 
indicated that pyrimidine-2,4-dione at 4 μg/mL (about 
35 μM) decreased nitric oxide levels by 16% compared to 
the LPS-stimulated group (Fig. 3). 

The FTIR spectrum of compound 4 revealed 
characteristic stretching peaks at 3106 (N–H), 1692 
(C=O), 3221 (O–H), 1280 (C–O), and 2924 cm−1 (Csp2). 
The presence of both N–H and C=O stretching peaks in 
the amide region (1600–1700 cm−1) is indicative of a 
secondary amide. Additionally, the broad O–H stretching 
peak suggests the presence of an alcohol or phenol group 
(Fig. S18). The 1H-NMR spectrum showed signals at δH 
5.17 ppm, a signal of protons oxymethylene, and bonded 
with the secondary amine (electron-attracting) group. 
Signals at δH 2.48, 2.37, 2.19, and 2.03 ppm related to two 
methylene groups (Fig. S19–S20). The 13C-NMR 
spectrum showed one signal at δC 181.4 ppm of C=O 
group (Fig. S20–S21). This evidence, along with the 
comparison of spectral data from a previous study, 
confirmed that compound 4 is 5-hydroxypyrrolidin-2-
one [32]. To the best of our knowledge, the anti-

inflammatory potential of compound 4 has yet to be 
thoroughly explored. Initial screening revealed that 
compound 4 at 16 μg/mL reduced NO production by 
about 37%, with an estimated IC50 value of 
approximately 47.70 ± 3.18 μg/mL (data not shown). 
Remarkably, pyrrolidine and fused analogs were 
reported as potential agents for anti-inflammatory, anti-
cancer, antiviral, and antituberculosis [33]. Thus, this 
hypothesis further supports evidence of its anti-
inflammatory activity. Taken together, our findings 
suggest that the presence of active substances plays a 
significant role in the diverse bioactive activities 
associated with the inflammatory response. 

■ CONCLUSION 

The isolation of four natural compounds from L. 
sarmentosa has provided valuable insights into its 
chemical composition and therapeutic potential. Through 
advanced spectroscopic techniques, the structural 
elucidation of taraxasteryl acetate (1), esculetin (2), 
pyrimidine-2,4-dione (3), and 5-hydroxypryrolidin-2-
one (4) revealed that all compounds are identified for the 
first time in this species. Additionally, the anti-
inflammatory effects of these compounds were assessed 
in LPS-stimulated RAW264.7 macrophages, revealing 
that compounds 2, 3, and 4 significantly inhibited NO 
production and reduced TNF-α expression. These 
findings enhance our understanding of anti-
inflammatory properties of L. sarmentosa and suggest 
further exploration of its medicinal potential. 
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