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ABSTRACT
Background: The fructus of Kochia scoparia Schrader (Chenopodiaceae) is 
a traditional herbal medicine that has been used for treating gonorrhea and 
dermatitis. Objective: We investigated the anti-inflammatory activities of 
three marker compounds, including 20-hydroxyecdysone, momordin Ic, and 
oleanolic acid, from the fructus of K. scoparia. Materials and Methods: The 
simultaneous analysis of three components was performed using high-
performance liquid chromatography and high-performance thin-layer 
chromatography. We evaluated the anti-inflammatory effects of the nine 
marker compounds by determining their anti-inflammatory activities in the 
murine macrophage cell line RAW 264.7. Results: Among three marker 
compounds, momordin Ic, but not 20-hydroxyecdysone and oleanolic acid, 
had inhibitory effects on the production of inflammatory cytokines tumor 
necrosis factor-alpha (TNF-α) and interleukin-6 (IL-6) in LPS-treated RAW264.7 
macrophages. The effects of three marker compounds on prostaglandin 
E2 (PGE2) were also evaluated. All three compounds significantly reduced 
PGE2 production in LPS-treated cells. Conclusions: We suggest that 
momordin Ic is the most potent phytochemical of the fructus of K. scoparia 
as an anti-inflammatory agent.
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INTRODUCTION
Inflammation is a biological process of response to various physical 
or chemical stimuli.[1] Inflammatory response is usually regulated by 
pro-inflammatory cytokines released from activated macrophages. 
Especially, tumor necrosis factor-alpha (TNF-α) and interleukin-6 (IL-6)  
have been considered as targets of molecular therapeutic intervention. 
for inflammatory disorders.[2] Prostaglain (PG) also plays an important 
role in the regulation of inflammation.[3] In addition, inflammation is a 
key event in different stages of cancer development.[4,5] Thus, targeting 
inflammation-related signaling molecules has been recognized as an 
attractive approach against inflammation-derived cancers.
The fructus of Kochia scoparia Schrader (Chenopodiaceae) is a well-
known traditional herbal medicine and used for treatment of gonorrhea 
and dermatitis.[6] Phytochemical studies with K. scoparia have identified 
triterpenoids[6-8] and phytoecdysteroids.[9] Among these compounds, 
triterpenoid saponin and momordin Ic have been reported as the main 
constituents. Many investigations reported that K. scoparia has a variety 
of biological efficacies against cancer,[10] contact dermatitis,[11] asthma,[12] 

and rheumatoid arthritis[7] in vitro or in vivo. Phytochemicals from K. 
scoparia also have shown to have various biological activities. Momordin 
Ic reduced hepatotoxicity[13] and had antinociceptive,[14] allergic,[15] and 
rheumatoid arthritis[7] effects. Oleanolic acid had antipruritic effect[8] 
and inhibited carbon tetrachloride-induced hepatotoxicity.[13] Overall 
reports indicate strong activities of K. scoparia and its components 
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•  The momordin Ic, 20-hydroxyecdysone, and oleanolic acid significantly 
reduced PGE2 production in LPS-treated cells.
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against inflammatory diseases. Actually, Shin et al. reported K. scoparia 
extract had inhibitory effects on lipopolysaccharide (LPS)-mediated 
inflammation in macrophages.[16] Despite this observation, it remains to 
be established whether K. scoparia compounds exert anti-inflammatory 
in macrophages.
In the present study, we investigated the effects of compounds from 
the fructus of K. scoparia, including 20-hydroxyecdysone, momordin 
Ic, and oleanolic acid in LPS-stimulated murine macrophage RAW 
264.7 cell line by measuring production of inflammatory cytokines 
TNF-α and IL-6 and PGE2. Moreover, we performed the simultaneous 
determination of three components 20-hydroxyecdysone, momordin 
Ic, and oleanolic acid for quality control of the fructus of K. scoparia 
using high-performance liquid chromatography (HPLC) coupled with a 
photodiode array (PDA) detector.

EXPERIMENTAL
Plant material
The dried fructus of K. scoparia used in this experiment was purchased 
from HMAX (Jecheon, Korea) in October 2009. Prof. Je-Hyun Lee 
(Dongguk University, Gyeongju, Republic of Korea) confirmed the origin 
of this plant taxonomically. A specimen (2009-ST23) has been deposited 
in the K-herb Research Center, Korea Institute of Oriental Medicine.

Chemicals and reagents
Momordin Ic (purity ≥ 98.0%) was purchased from Chengdu Biopurify 
Phytochemicals Ltd. (Sichuan, China). Oleanolic acid (purity 98.0%) and 
20-hydroxyecdysone (purity 93.0%) were purchased from Sigma-Aldrich 
(St. Louis, MO, USA). The chemical structures of these compounds are 
shown in Figure 1. The HPLC-grade reagents methanol, acetonitrile, 
chloroform, and water were obtained from J.T. Baker (Phillipsburg, NJ, 
USA). Formic acid and sulfuric oxide, analytical grade, were purchased 
from Sigma-Aldrich (St. Louis, MO, USA) and Junsei (Tokyo, Japan), 
respectively. Precoated HPTLC plate (Silica-gel 60 F254 GLP, 0.2 mm, 20 × 
10 cm) was purchased from Merck KGaA (Darmstadt, Germany).

Preparation of 70% ethanol extract of K. scoparia
The dried fructus of K. scoparia (200 g) was extracted three times with 
70% ethanol (2 L) by sonication for 1 h. The extracted solution was filtered 
through filter paper, evaporated at 60°C using EYELA N-100 rotary 
evaporator (Tokyo, Japan) to dryness and freeze-dried (PVTFD100R, 
IlShinBioBase, Dongduchun, Korea). The yield of the freeze-dried 70% 
ethanol extract obtained was 28.75 g (14.38%). 

HPLC analysis
The HPLC apparatus used for the simultaneous determination consisted 
of a Shimadzu Prominence LC-20A systems (Shimadzu Co., Kyoto, 
Japan) equipped with a pump (LC-20AT), online degasser (DGU-
20A3R), column oven (CTO-20A), autosampler (SIL-20A), and ELSD 
(ELSD-LTII). Data acquisition was performed by LabSolution software 
(Version 5.54SP3, Shimadzu CO., Kyoto, Japan). The three compounds 
were separated on a SunFire C18 analytical column (4.6 × 150 mm, 5 μm, 
Waters, Milford, MA, USA). The chromatographic separation for the 
simultaneous analysis was conducted using a gradient elution of mobile 
phases (A) 0.1% v/v aqueous formic and (B) acetonitrile as follows: 0-3 
min, 20% B; 3-10 min, 20-90% B; 10-13 min, 90% B; 13-15 min, 20% B. 
The re-equilibrium time was 5 min. The flow rate was kept constant at 
1.0 mL/min, the column temperature was maintained at 40°C, and the 
injection volume was 10 μL. The drift tube temperature for ELSD was 
set at 40°C, the pressure of nebulizing gas (nitrogen) was 360 KPa, and 
gain value was 6. For the HPLC analysis of K. scoparia, the 70% ethanol 
extract (25 mg) was dissolved in 20 mL of 70% methanol and extracted 
by sonication for 20 min. The solution was filtered through a membrane 
filter (0.2 μm) before HPLC injection.

High-performance thin-layer chromatography 
analysis
High-performance thin-layer chromatography (HPTLC) was carried 
out using the CAMAG application system (Muttenz, Switzerland) 
consisting of CAMAG automatic TLC sampler 4, Reprostar 3, CAMAG 
ADC 2 automatic developing chamber, and a digital camera. The data 
were processed by WinCATS (CAMAG, Muttenz, Switzerland). The 
20 μL loading of each standard and sample solution was spotted in 
bands of width 4 mm on the HPTLC plate by CAMAG application 
system. The samples were separated (migration distance 7 cm) using 
chloroform:methanol:water (7:3:0.5, v/v/v). The spots of migrated 
components were detected under white light using Reprostar 3 with a 
digital camera (CAMAG) after spraying with 10% H2SO4, followed by 
heating. For the HPTLC analysis, the lyophilized K. scoparia extract (50 
mg) was transferred to 50 mL volumetric flask and dissolved up to the 
mark with 70% methanol.

Cell culture
The murine macrophage RAW 264.7 cell line was obtained from the 
American Type Culture Collection (ATCC, Rockville, MD, USA). The 
cells were cultured in Dulbecco’s modified Eagle’s medium (Gibco Inc., 
Grand Island, NY, USA) supplemented with 5.5% heat-inactivated fetal 
bovine serum (Gibco Inc., Grand Island, NY, USA), penicillin (100 U/
mL), and streptomycin (100 μg/mL) in a 5% CO2 incubator at 37°C.

Cell viability
Cell viability was assessed with the CCK-8 assay (Cell Counting 
Kit-8, Dojindo Laboratories, Kumamoto, Japan) according to the 
manufacturer’s instructions. RAW264.7 cells were incubated in 96-well 
plates with various concentrations of the test materials for 24 h. CCK-8 
reagent was added to each well and incubated for 4 h. The absorbance 
was measured at 450 nm with a Benchmark plus microplate reader (Bio-
Rad Laboratories, Hercules, CA, USA). The percentage of cell viability 
was calculated with the following formula: cell viability (%) = (mean 
absorbance in test wells/mean absorbance in control wells) × 100.

Measurement of TNF-α, IL-6, and PGE2 production
RAW264.7 cells were treated with various concentration of marker 
compounds from the fructus of K. scoparia for 4 h prior to LPS (1 μg/mL) 

Figure 1: Chemical structures of three marker compounds in K. scoparia
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stimulation. After incubation for 20 h, the supernatants were analyzed for 
the levels of TNF-α (BD Biosciences, Mountain View, CA, USA), IL-6 (BD 
Biosciences, Mountain View, CA, USA), and PGE2 (Cayman Chemical 
Co., Ann Arbor, MI, USA), according to manufacturers’ instructions.

Statistical analysis
All values are expressed as the mean ± SEM of three independent 
samples of each compound from the fructus of K. scoparia. Dunnett’s test 
was used for multiple group comparisons. Differences were considered 
significant at P less than 0.05.

RESULTS
Determination of the three compounds in K. 
scoparia extract
The established HPLC-ELSD analytical method was applied for 
simultaneous determination of three compounds in the K. scoparia 
extract. Consequently, three components were eluted within 20 min 
using the two mobile phases consisting of 0.1% (v/v) formic acid in water 
(A) and acetonitrile (B). The retention times of the 20-hydroxyecdysone, 
momordin Ic, and oleanolic acid were 5.00, 13.33, and 17.34 min, 
respectively [Figure 2]. Calibration curves plotted with three components 
showed good linearity, with correlation coefficients (r2) 0.9956 or higher 
in the tested concentration ranges (20-hydroxyecdysone and oeanolic 
acid, 125-500 μg/mL; momordin Ic, 125-1000 μg/mL). Among these 
components, momordin Ic was only detected as a concentration of 
134.61 mg/g, whereas 20-hydroxyecdysone and oleanolic acid were not 
detected in K. scoparia extract.

Figure 4: Cytotoxicity of 20-hydroxyecdysone, momordin Ic, and oleanolic 
acid from K. scoparia in RAW 264.7 cells. Cells were and treated with 
various concentration of 20-hydroxyecdysone, momordin Ic, or oleanolic 
acid for 24 h. 

Figure 3: HPTLC chromatogram of K. scoparia extract. Momordin Ic (1), 
oleanolic acid (2), 20-hydroxyecdysone (3), and K. scoparia extract (4)

Figure 2: HPLC-ELSD chromatograms of the standard mixture (I) and 
K. scoparia extract (II). 20-Hydroxyecdysone (1), momordin Ic (2), and 
oleanolic acid (3)
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Effects of 20-hydroxyecdysone, momordin Ic, 
and oleanolic acid from the fructus of K. scoparia 
on TNF-α and IL-6 production in LPS-stimulated 
RAW264.7 cells
To investigate whether 20-hydroxyecdysone, momordin Ic, or oleanolic 
acid influence LPS-mediated TNF-α and IL-6 generation in macrophages, 
RAW264.7 cells were treated with various concentrations of each 
compounds and then stimulated with LPS. As expected, the amounts of 
secreted TNF-α and IL-6 were significantly increased by LPS stimulation 
[Figure 5 and 6]. Among three components from the fructus of K. scoparia, 
20-hydroxyecdysone and oleanolic acid had no effect on LPS-induced 
TNF-α and IL-6 productions [Figure 5 and 6]. By contrast, momordin Ic 
significantly reduced LPS-stimulated productions of both TNF-α and IL-6 
at 12.5 and 25 μM [Figure 5 and 6].

Effects of 20-hydroxyecdysone, momordin Ic, and 
oleanolic acid from the fructus of K. scoparia on 
PGE2 production in LPS-stimulated RAW 264.7 cells
Next, we further analyzed anti-inflammatory effects of three compounds 
from the fructus of K. scoparia by measuring PGE2 production in LPS-
stimulated RAW 264.7 cells. As shown in Figure 7, LPS treatment 
significantly elevated level of the PGE2. On the contrary, all three 

HPTLC analysis of the three compounds in K. 
scoparia extract
Both the reference standards and the extracted sample were spotted 
on the TLC plates and run in different solvent systems. Initially, 
chloroform:methanol:water in various ratios (6:4:1, 6:4:0.5, 7:3:1, 7:3:0.5, 
v/v/v) was tried. Finally, the mobile phase chloroform:methanol:water 
(7:3:0.5, v/v/v) gave good separation of the three components. The Rf 
values of momordin Ic, oleanolic acid, and 20-hydroxyecdysone were 
0.19, 0.91, and 0.60, respectively [Figure 3].

Cytotoxicity of 20-hydroxyecdysone, momordin Ic, 
and oleanolic acid from the fructus of K. scoparia in 
RAW264.7 cells
To evaluate the cytotoxicity of major components (20-hydroxyecdysone, 
momordin Ic, and oleanolic acid) from the fructus of K. scoparia in 
RAW264.7 cells, we performed CCK assay. Cells were exposed to various 
concentrations of each component for 24 h. As shown in Figure 4A 
20-hydroxyecdysone had no cytotoxicity up to 20 μM and reduced the cell 
viability by 88.6 ± 5.63% and 55.0 ± 5.81% at 40 and 80 μM, respectively. 
Momordin Ic increased the cell proliferation up to 20 μM and dropped the 
cell viability to 1.30 ± 0.44% and 0.72 ± 0.23% at 40 and 80 μM, respectively 
[Figure 4B]. Oleanolic acid did not show any significant effect on the cell 
viability up to 100 μM [Figure 4C]. Nontoxic concentrations of tested three 
compounds were used for subsequent experiments.

Figure 6: Effect of 20-hydroxyecdysone, momordin Ic, and oleanolic acid 
from K. scoparia on LPS-stimulated IL-6 production in RAW 264.7 cells. The 
production of IL-6 was measured in culture medium of cells pretreated with 
various concentrations (6.25, 12.5, or 25 μM) of ecdysterone, momordin Ic, 
or oleanolic acid for 4 h and then stimulated with LPS (1 μg/mL) for 20 h. 
Each bar represents the mean of three independent experiments. ##P < 0.01 
vs. untreated control; **P < 0.01 vs. LPS-treated cells

Figure 5: Effect of 20-hydroxyecdysone, momordin Ic, and oleanolic 
acid from K. scoparia on LPS-stimulated TNF-α production in RAW 
264.7 cells. The production of TNF-α was measured in culture medium 
of cells pretreated with various concentrations (6.25, 12.5, or 25 μM) of 
20-hydroxyecdysone, momordin Ic, or oleanolic acid for 4 h and then 
stimulated with LPS (1 μg/mL) for 20 h. Each bar represents the mean 
of three independent experiments. #P < 0.05 and ##P < 0.01 vs. untreated 
control; **P < 0.01 vs. LPS-treated cells
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steroid (20-hydroxyecdysone) using HPLC and HPTLC in K. scoparia. 
The result of experiment showed good separation in K. scoparia. These 
methods will be helpful in fingerprint analysis of K. scoparia.
Macrophages play an essential role in inflammatory process including 
initiation, maintenance, and resolution.[24] Several inflammatory stimuli 
can activate macrophages, such as TNF-α, interferon-γ, and LPS.[25] We 
also observed that LPS treatment significantly enhanced production of 
pro-inflammatory cytokines TNF-α and IL-6 in macrophages. Among 
three phytochemicals, momordin Ic significantly reduced LPS-stimulated 
productions of TNF-α and IL-6 [Figure 5 and 6]. PGE2 is also an important 
inflammation mediator and produced by COX-2 at inflammatory sites.[26]  
As expected, LPS significantly increase PGE2 level, whereas three 
phytochemicals showed significant inhibitory action on PGE2 generation 
[Figure 7]. These results suggest that momordin Ic is a bioactive compound 
from the fructus of K. scoparia against inflammatory diseases by inhibiting 
inflammatory cytokines and PGE2 production.
In summary, HPLC and HPTLC method for the simultaneous 
determination of the three compounds in K. scoparia was established, 
which will help to improve quality control of K. scoparia. Furthermore, 
our findings demonstrate the anti-inflammatory effect of momordin Ic 
isolated from the fructus of K. scoparia in macrophages. We suggest the 
possible usage of momordin Ic as a anti-inflammatory drug.
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