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Abstract
Many plant products from medicinal herbs are historically important for the treatment and prevention of diseases. Medicinal 
plants are showing a wide range of activities like antioxidant, anti-inflammatory, and anti-aging. This study was investigated 
to evaluate the phenolic content, DPPH, ABTS radical scavenging rate, and anti-inflammatory activity from Codonopsis 
lanceolata (CL) root extract. Total polyphenol and flavonoid content showed the highest amount in 30% EtOH extract of CL 
and followed by 90 °C hot water extract. The DPPH, ABTS radical scavenging activity was also found that the increase was 
proportional to the concentration, the highest amount in 30% EtOH extract. Cell viability of RAW 264.7 cell for CL extracts 
was not significantly changed by extracts up to a concentration of 200 µg/mL, and it was confirmed that the macrophage cell 
showed little toxicity. LPS-treated experimental group significantly inhibited NO production. The effect of extracts of CL 
against inflammatory mediators (TNF-α, IL-6, and IL-1β) production showed that the anti-inflammatory activity was most 
excellent in 30% EtOH. These results suggested that CL extracts tested here have potential anti-inflammatory and antioxidant 
activity, and these effects are differences depending on the extraction solvent.
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Introduction

Codonopsis lanceolata (CL) is well known to affect various 
pharmacological effects on human health, and its consump-
tion is increasing. The roots of CL have been used as an 
herbal drug for the treatment of bronchitis, cough, spasm, 
and inflammation in China, and as a tonic crude drug and an 
edible plant in Korea (Jiangsu New Medical College 1977), 
and mainly contain triterpenoid saponins including codono-
laside, codonolaside I-V, lancemaside A–G. Their saponins 
have shown anti-inflammatory effects such as bronchitis and 
cough, insomnia, and hypomnesia. Lancemaside A, which 
is a primary constituent of CL was reported to potently 
inhibit LPS-stimulated, TLR-4-linked NF-jB activation of 

293-hTLR4-hemagglutinin (HA) cells (Joh et al. 2010). As 
an herb, CL is widely used in food preparation, but its thera-
peutic application has not been explored yet in Korea (Wang 
et al. 2011). Codonoposide, a triterpenoid saponin, was 
reported as a characteristic constituent of CL roots and con-
sidered to be partially responsible for the therapeutic effects 
of this crude drug (Lee et al. 2002). Recently, plant and 
plant-derived products have treated a part of the healthcare 
system by applying the bioactive phytochemicals. Screening 
of antioxidant and anti-inflammatory activity from medicinal 
plants has received much attention throughout the world. 
Antioxidant compounds in food play an important role as a 
health-protecting factor. Most of the antioxidant compounds 
in a typical diet are derived from plant sources and belong to 
various classes of compounds with a wide variety of physi-
cal and chemical properties. The main characteristic of an 
antioxidant is its ability to eliminate free radicals. Highly 
reactive free radicals and oxygen species are present in bio-
logical systems from a wide variety of sources. Most of the 
antioxidant compounds in a typical diet are derived from 
plant sources and belong to various classes of compounds 
with a wide variety of physical and chemical properties. 
The main characteristic of an antioxidant is its ability to 
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eliminate free radicals. Highly reactive free radicals and oxy-
gen species are present in biological systems from a wide 
variety of sources. Medicinal plants including CL are excel-
lent sources of anti-inflammatory agents. Many infectious 
diseases have been known to be treated with herbal extracts. 
The evaluation of antioxidant activity and anti-inflammatory 
property of the CL root is of great interest and importance. 
The suppressive effect of various plant extracts on the pro-
duction of proinflammatory cytokines such as TNF-α, IL-6, 
and IL-1β has been extensively studied in vitro (Choi et al. 
2016; Ju et al. 2010; Kim et al. 2018). Recent interests in 
the study of functional plants have focused on their potential 
benefits to human health. The functional plants have been 
used as traditional medicine, but scientific evaluation is still 
lacking in this regard. To develop functional products using 
the physiological functionality of CL, specific proof data 
based on scientific experiments are needed. Therefore, this 
study was focused on evaluating of phenolic compound con-
tent, anti-inflammatory and antioxidant activity of CL in the 
different extract solvent for biological search on plant-based 
anti-inflammatory and antioxidant agents.

Materials and methods

Growth condition of CL and sampling

The roots of CL plant were collected from Jeju region, Korea 
and 3-year-aged roots were used to carry out the present 
study. The roots of CL plant were freeze-dried and then 
ground to a fine powder. Each sample powder was stored 
at  −  20 °C for experiments. To ensure safety as a food mate-
rial, the sample was extracted with low concentration EtOH 
(alcohol for food) and hot water. The freeze-dried extract 
powder was immersed in 30% EtOH, distilled water (DW) 
and the filtrate was collected thrice with constant stirring of 
the mixture at every 24 h interval for 72 h. The 70 °C, 90 °C 
hot water extraction was carried out two times repeatedly 
for 6 h using a hot water extractor with a vertical reflux con-
denser (Custom-made equipment). The filtrate was then con-
centrated under reduced pressure at 45 °C using a vacuum 
rotary evaporator (IKA® RV 10 Basic Digital, IKA Co., 
Munich, Germany). The concentrated extract was stored at 
− 20 °C until further analysis.

Total polyphenol determination

Total phenols were determined by the modified method the 
Folin-Ciocalteu assay (Singleton and Rossi 1965). Freeze-
dried samples were extracted with methanol, the extract was 
concentrated under reduced pressure, and freeze-dried in 
powder. Freeze-dried powder (1 mg) dissolved in 95% meth-
anol and 500 µL of Folin-Ciocalteu reagent were added to a 

25 mL volumetric flask and were mixed for 5 min at 30 °C in 
a water bath. 500 µL saturated solution of 7.5%  Na2CO3 was 
added to the mixture, and then was incubated for 1 h at room 
temperature, and the absorbance was read at 725 nm using a 
spectrophotometer (Libra S22, Biochrom Co., Cambridge, 
England). Total phenolic of the sample was expressed as mg 
chlorogenic acid equivalent in 1 g dry weight of the sample 
extract.

Total flavonoid determination

Total flavonoid was measured using the modified method 
that previously described (Zhishen et al. 1999). Briefly, 
freeze-dried samples (1 mg) dissolved in 95% methanol, 
and 1 mL of extract solution, 10 mL diethylene glycol and 
0.1 mL 1 N NaOH were added to a 25 mL volumetric flask. 
The mixture was incubated for 1 h at 37 °C in a water bath. 
The absorbance was measured at 420 nm using a spectropho-
tometer (Libra S22, Biochrom Co., Cambridge, England). 
Total flavonoid of the samples was expressed as mg narincin 
equivalent in 1 g dry weight of the sample extract.

Assay of DPPH radical scavenging rate

One hundred µL of various concentrations (0.5, 1, 2.5, 5 and 
10 mg/mL) of extracts in CL were added to 900 µL of 100% 
methanol containing 100 µM DPPH, and the reaction mix-
ture was shaken for 5 min in the slight vortex. Leaving room 
temperature for 30 min under darkness, the absorbance of 
DPPH was determined by spectrophotometer at 517 nm. The 
DPPH radical scavenging activity was calculated according 
to the following equation:

where A is the absorbance at 517 nm without pigment com-
positions and B is the change in absorbance at 517 nm with 
pigment compositions incubation (Brand-Williams et al. 
1995).

Assay of ABTS radical scavenging rate

The spectrophotometric analysis of ABTS (2,2′-azinbis-
(3-ethyl-benzothiazoline-6-sulfonic acid) radical cation 
 (ABTS•+) scavenging activity of C. lanceolata was deter-
mined according to the method described previously (Re 
et al. 1999). ABTS solution (7 mM) was mixed with potas-
sium persulfate (2.45 mM), and the mixture was incubated 
in the dark at room temperature for 15 h, and then diluted 
to the absorbance of 0.7 at 734 nm. Fifty µL of each sam-
ple prepared in different concentrations with 950 µL diluted 
solution was added and was shaken for 10 s by vortex mixer, 
and then was reacted for 5 min at room temperature, and the 

Scavenging effect on DPPH radical (%) =
[

(A − B)∕A
]

× 100
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absorbance was read at 734 nm using a spectrophotometer 
(Biochrom Co., England). The  ABTS•+ scavenging activity 
showed as RAEAC (relative ascorbic acid equivalent anti-
oxidant capacity), was calculated by the following equation:

ΔAaa is the change of the absorbance after the addition of 
ascorbic acid, Caa is the concentration of ascorbic acid, ΔAs 
is the change of the absorbance after addition of sample 
solution, Cs is the concentration of the sample.

Evaluation of in vitro anti‑inflammatory activity

Cell culture

RAW 264.7 cell line is a mouse monocyte-macrophage cell 
line established from the ascites of a tumor induced in the 
male mouse. The RAW264.7 cells were purchased from 
Korean Cell Line Bank (KCLB) and were cultured in Dul-
becco’s modified Eagle’s medium (DMEM) supplemented 
with 10% Fetal Bovine Serum (FBS) and 1% antibiotic–anti-
mycotic. The cells were maintained in a 5%  CO2 incubator 
at 37 ºC.

Assay of cell viability

The cytotoxicity against RAW 264.7 cell of CL extracts 
was experimented using the 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide (MTT) conversion assay. 
MTT method involves the conversion of MTT to colored 
formazan via intact mitochondria of the cells. The RAW 
264.7 cells were plated at a density of 1 × 104 cells/well in 
a 96-well plate for 24 h and followed by the addition with 
various concentrations (50, 100, 200 and 400 µg/mL) of CL 
extract. After 16 h incubation, 50 µg/mL of MTT solution 
(5 mg/mL) was added to each well and allowed to stand for 
4 h at 37 ºC. The medium was carefully removed so that 
the formazan produced by reduction of MTT did not fall 
off the medium, and then 300 µg/mL DMSO allowed the 
formazan crystals to dissolve. Absorbance was measured 
at 540 nm using UV–visible microplate reader (Bio-Rad 
xMark, USA). The cell viability was calculated as sample 
O.D./blank O.D. × 100(%).

Measurement of LPS‑induced NO (nitric oxide) 
production

RAW 264.7 cells were cultured in a 96-well plate and incu-
bated for 18 h at 37 ℃ in 5% CO2. The cells were then 
incubated for 18 h after treatment of 0.5 µg/mL LPS (Sigma, 
St. Louis. MO. USA) at each sample. The NO content was 

RAEAC =
Caa

ΔAaa
×
ΔAs

Cs

determined by Griess reagent system. The RAW 264.7 cells 
were seeded at a density of 5 × 104 cells/well in 6 well plate 
for 24 h, and then the cells were pre-treated with 0.5 µg/mL 
of LPS and added to various concentrations (50, 100 and 
200 µg/mL) of the CL extract. After the cells were incubated 
for 16 h, the next process about measuring NO levels was led 
by the Griess reagent system’s protocol using supernatant 
fluid. Absorbance was determined at 540 nm using UV–vis-
ible microplate reader (Bio-Rad xMark, USA).

Assay for cytokines

Murine RAW264.7 peritoneal macrophage cells were cul-
tured at a density of 1 × 104 cells/well in 6-well plates for 
24 h. They were then washed with phosphate buffered saline 
(PBS) and treated with various concentrations (50, 100 and 
200 µg/mL) of CL extract with 0.5 µg/mL LPS for 24 h. 
Supernatants were collected, and levels of IL-1β, IL-6, and 
TNF-α released into the culture supernatants were measured 
using a commercially available cytokine ELISA test kits (all 
from Bender R&D Systems, Inc.), according to the manu-
facturer’s instructions.

Data analysis

The statistical analysis was performed using the proce-
dures of the Statistical Analysis System (SAS version 9.1, 
SAS Institute Inc., Cary, NC, USA). The analysis of vari-
ance (ANOVA), followed by Duncan’s multiple range tests 
was used to determine the significant difference (p < 0.05) 
between the treatment means.

Results and discussion

Total polyphenol and flavonoid contents

Polyphenols are widely distributed in plants, and phenolic 
antioxidants have been found to act as free radical scaven-
gers as well as metal chelators (Sanchez-Moreno et al. 1999; 
Shahidi and Wanasundara 1992). It has been recognized that 
the compounds such as polyphenol, flavonoid show anti-
oxidant activity and their effects on human nutrition and 
health are considerable. The results for total polyphenol 
and total flavonoid content in the CL extracts are presented 
in Figs. 1 and 2. Total polyphenol content by various sol-
vents decreased in 30% EtOH > 90 °C hot water > 70 °C hot 
water > DW extract order. The total flavonoid content also 
showed the highest amount in 30% EtOH extract of CL and 
followed by 90 °C hot water extract, DW extract, and 70 °C 
hot water extract. These results were considerably consistent 
with the finding of antioxidant activity. Several studies have 
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focused on the biological activities of phenolic compounds, 
which are potent antioxidants and free radical scavengers 
(Marja et al. 1999; Rice-Evans et al. 1995; Sugihara et al. 
1999). Zhou and Yu (2006) also reported that total phenolic 
content of the tested vegetable extracts was correlated with 
the DPPH radical scavenging activity, suggesting that total 
phenolics can play a major role in the antioxidant activity 
of plant materials. The high phenol and flavonoids contents 

of CL root extract may cause high antioxidant activity of 
this plant.

DPPH radical scavenging activity

Table 1 shows the DPPH free radical scavenging activities 
of the extracts in a concentration-dependent manner. The 
extract obtained by 30% EtOH showed the highest DPPH 

Fig. 1  Total polyphenol 
contents of root extracts from 
Codonopsis lanceolata accord-
ing to different extraction 
solvent. The bars represent the 
standard error. Means followed 
by the same letter are not sig-
nificantly different at p < 0.05
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Fig. 2  Total flavonoid contents 
of root extracts from Codo-
nopsis lanceolata according 
to different extraction solvent. 
The bars represent the standard 
error. Means followed by the 
same letter are not significantly 
different at p < 0.05
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radical scavenging activity at a concentration ranging 
from 0.5 to 10 mg/mL. All extracts obtained using 30% 
EtOH and 90 °C hot water solvent were higher radical 
scavenging activity than that of the water and 70 °C hot 
water extract. The investigation of the antioxidant activ-
ity of natural substances is based on the measuring of 
the electron donor capacity of DPPH with the ability to 
inhibit the oxidation by donating electrons in free radicals 
causing this lipid peroxidation (Boo et al. 2012), that is, 
free radical is known to be a significant factor in bio-
logical damages, and DPPH has been used to evaluate the 
free radical-scavenging activity of natural antioxidants 
(Kim et al. 2017; Yokozawa et al. 1998; Zhu et al. 2001). 
Active oxygen caused by in vivo metabolism removed by 
the body’s antioxidant system, but excessive free radicals 
induced stress, causing the lipid peroxidation by combin-
ing with unsaturated fatty acids in the cell membrane, 
and brought intracellular structural and functional dam-
age. The effective source of CL could be employed in all 
medicinal preparation to combat myriad diseases associ-
ated with oxidative stress. Phenolics were the main anti-
oxidant components, and their total contents were directly 
proportional to their antioxidant activity (Liu et al. 2009). 
In this study, there is a correlation between total phenolic 
content and antioxidant activity of CL extracts. That is, 
30% EtOH and 90 °C hot water solvent extracts showed 
high antioxidant activity, and this results also showed that 
total phenolics level was highly related to the free radical 
scavenging activity.

ABTS radical scavenging activity

The samples extracted from CL root using four different sol-
vents were tested in this study for ABTS radical scavenging 
activity. ABTS radical scavenging methods are common 
spectrophotometric procedures for determining the antioxi-
dant capacities of components (Gülcin et al. 2010). ABTS 
assay is an excellent tool for assessing the antioxidant activ-
ity of hydrogen‐donating antioxidants and chain‐breaking 
antioxidants (Leong and Shui 2002). The ABTS and DPPH 
systems provide information on the reactivity of a test sam-
ple with a stable free radical. The results of the ABTS radi-
cal scavenging activity were shown in Table 2. The ABTS 
radical scavenging activity was progressively increased in 
a dose-dependent manner. Our data indicate that the CL 
extracts were useful scavengers against the ABTS radical 
species and that it was a similar tendency to the results in 
DPPH radical scavenging activity. Therefore, the ABTS 
radical scavenging activity of CL extract indicates its ability 
to scavenge free radicals, thereby preventing oxidation via 
a chain‐breaking reaction. Radical scavenging activities are 
vital due to the deleterious role of free radicals in foods and 
biological systems. The present investigation demonstrated 
that the CL extract has potent activity against ABTS.

Cytotoxicity on RAW 264.7 cell

In the RAW 264.7 cell, the cytotoxic effect of CL extracts 
on cell viability was assessed by the MTT assay. When cells 

Table 1  DPPH radical 
scavenging activities of root 
extracts from Codonopsis 
lanceolata according to 
different extraction solvent

* Data represent the mean values ± SE of three independent experiments. Means with the same letter in col-
umn are not significantly different at p < 0.05 level by Duncan’s multiple range test

Extraction solvent DPPH radical scavenging activity, % of control

Concentration (mg/mL)

0.5 1 2.5 5 10

30% EtOH 16.83 ± 0.71b 29.42 ± 0.71a 38.61 ± 1.90a 49.40 ± 1.76a 62.01 ± 1.32a
Distilled water 14.17 ± 1.16c 21.95 ± 1.22c 31.85 ± 0.18c 44.07 ± 0.30b 55.29 ± 1.69c
70 °C water 17.88 ± 0.18a 27.56 ± 0.35b 29.38 ± 0.61c 42.16 ± 0.61b 53.20 ± 0.96c
90 °C water 18.99 ± 0.43a 28.62 ± 0.70b 33.92 ± 0.11b 43.42 ± 1.29b 58.29 ± 0.68b

Table 2  ABTS radical 
scavenging activities of root 
extracts from Codonopsis 
lanceolata according to 
different extraction solvent

* Data represent the mean values ± SE of three independent experiments. Means with the same letter in col-
umn are not significantly different at p < 0.05 level by Duncan’s multiple range test

Extraction solvent ABTS radical scavenging activity, % of control

Concentration (mg/mL)

0.5 1 2.5 5 10

30% EtOH 20.20 ± 1.61a 31.01 ± 0.36a 41.57 ± 0.37a 57.33 ± 1.32a 71.49 ± 0.54a
Distilled water 17.12 ± 0.57b 24.70 ± 0.49c 35.29 ± 0.39c 50.68 ± 0.79c 61.62 ± 1.22c
70 °C water 18.14 ± 0.85b 26.38 ± 0.72b 37.61 ± 0.85b 52.98 ± 0.74b 59.31 ± 0.19d
90 °C water 16.07 ± 0.72b 27.82 ± 0.30b 36.76 ± 0.47bc 53.98 ± 0.60b 65.06 ± 1.28b
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were treated for 2 days with various concentrations (50, 100, 
200, 400 and 800 µg/mL) of extracts, the rate of cell sur-
vival progressively decreased in a dose-dependent manner 
(Table 3). Cell viability of CL extract was not significant 
changed by extracts up to a concentration of 200 µg/mL. 
However, the cell viability tended to decrease somewhat at 
concentrations above 400 µg/mL. Thus, a concentration of 
less than 400 µg/mL of CL extract without cell cytotoxicity 
was chosen in subsequent anti-inflammatory experiments.

NO production

NO is an inorganic free radical that acts as a signaling 
molecule with multiple biological functions in verte-
brates (Rockel et al. 2002). Macrophages are involved in 
the innate immune response through phagocytosis or pro-
duction of a variety of compounds, like cytokines or NO 

(Dempsey et al. 2003). Figure 3 shows the NO responses 
to the CL root extract in macrophage cell line. Because of 
measuring the production of NO in the supernatant after 
24 h of pretreatment with CL extracts and stimulating with 
LPS, the production of NO was remarkably increased in 
the group treated with LPS alone compared to the group 
treated with CL extracts. After CL extract pretreatment at 
50, 100, and 200 µg/mL, LPS-treated experimental group 
significantly inhibited NO production in a dose-dependent 
manner. NO production at 200 µg/mL concentration of CL 
extract showed the LPS 25.36 μM, 30% EtOH 5.22 μM, DW 
7.16 μM, 70 °C hot water 8.98 μM, 70 °C hot water 8.51 μM 
(Fig. 3). NO has diverse physiological roles and contributes 
to the immune defense against pathogens (Singh et al. 2000). 
The root extract of CL significantly inhibited LPS induced 
NO production in mouse macrophage cells, RAW.264.7, at 
100 and 200 µg/mL concentrations. NO is a reactive free 

Table 3  Cytotoxicity in RAW 
264.7 cell of root extracts 
from Codonopsis lanceolata 
according to different extraction 
solvent

* Data represent the mean values ± SE of three independent experiments. Means with the same letter in col-
umn are not significantly different at p < 0.05 level by Duncan’s multiple range test

Extraction solvent Cell viability (% of control)

Concentration (μg/mL)

50 100 200 400 800

30% EtOH 99.74 ± 3.41a 97.27 ± 2.71a 91.68 ± 3.88a 81.44 ± 1.64a 72.21 ± 1.97b
Distilled water 99.27 ± 3.89a 98.61 ± 3.94a 87.73 ± 2.49ab 79.75 ± 1.03a 75.59 ± 1.57a
70 °C water 95.03 ± 1.78ab 94.24 ± 0.81a 90.59 ± 1.27ab 82.65 ± 0.42b 74.03 ± 1.53a
90 °C water 93.18 ± 1.72b 88.30 ± 1.05b 85.10 ± 1.80b 82.06 ± 2.67b 72.15 ± 1.87b

Fig. 3  Effect of Codonop-
sis lanceolata extracts on 
LPS-induced NO production 
in RAW264.7 cell. The bars 
represent the standard error. 
Means followed by the same let-
ter are not significantly different 
at p < 0.05
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radical that can produce the toxic compound peroxynitrite; 
high NO concentrations exert deleterious effects on lipids, 
DNA, and proteins, similar to that observed with oxygen-
derived species such as hydroxyl radicals. NO is involved 
in several types of acute and chronic inflammation (Ialenti 
et al. 1993), including rat carrageenin pleurisy (Sautebin 
et al. 1998) and zymosan-induced peritonitis in mice (Ajue-
bor et al. 1998). Large amount of NO produced by iNOS is 
believed as one of the most critical inflammatory reactions 
in activated macrophage (Pokharel et al. 2007). Arctigenin 
blocked LPS-induced various responses of macrophage 
including the NO overproduction and the release of pro-
inflammatory cytokines TNF-α and IL-6 (Zhao et al. 2009). 
In brief, our study suggests the immunosuppressive potential 
of CL extract, and in particular, these effects are differences 
depending on the extraction solvent.

Cytokine production

Because of the growing recognition of cytokine activities, 
altering cytokine expression and targeting their receptors 
may offer therapeutic potential. The in vitro and in vivo 
research demonstrates that the reviewed botanical medi-
cines modulate the secretion of multiple cytokines (Kevin 
Spelman et al. 2006). We have conducted experiments to 
verify that the CL extracts according to the extraction solvent 
have anti-inflammatory activity. We used LPS-stimulated 
macrophages as a model for testing in vitro root extracts 
of CL according to extraction solvent for anti-inflammatory 

activity. The concentrations of TNF-α, IL-6, and IL-1β, 
in 100 µL of cell supernatant each, were determined by 
ELISA assay according to the manufacturer’s protocol. Mac-
rophages were treated with LPS, and the concentrations of 
secreted IL-1β, IL-6, and TNF-a in the supernatant were 
determined. We investigated the effect of CL extracts on 
the expression of various pro-inflammatory and inflamma-
tory cytokines induced by LPS in RAW 264.7 cells. After 
pretreatment with CL extract, the cell supernatants were 
measured by ELISA after 24 h of stimulation with LPS. 
As a result, TNF-α production at 200 µg/mL concentration 
of CL extract showed the LPS 104.25 pg/mL, 30% EtOH 
23.72 pg/mL, DW 39.45 pg/mL, 70 °C hot water 42.07 pg/
mL, 90 °C hot water 35.15 pg/mL, and it was significantly 
inhibited in a concentration-dependent manner (Fig. 4). 
IL-6 production at 200 µg/mL concentration of CL extract 
showed the LPS 102.38 pg/mL, 30% EtOH 38.42 pg/mL, 
DW 47.45 pg/mL, 70 °C hot water 50.48 pg/mL, 90 °C hot 
water 49.21 pg/mL (Fig. 5), and IL-1β production at 200 µg/
mL concentration of CL extract showed the LPS 257.06 pg/
mL, 30% EtOH 79.43 pg/mL, DW 105.91 pg/mL, 70 °C hot 
water 97.44 pg/mL, 90 °C hot water 98.70 pg/mL (Fig. 6). 
The CL extracts showed a considerable range of influence 
on cytokine secretion. The treatment results of CL extract 
by different extraction solvent showed that the anti-inflam-
matory activity was most excellent in 30% EtOH as a whole. 
The inflammatory mediators TNF-α, IL-6 and IL-1β, are 
known to regulate the inflammatory response in both in vivo 
and in vitro. These cytokines are known to interact with 

Fig. 4  Effect of Codonopsis 
lanceolata extracts on LPS-
induced TNF-α production 
in RAW264.7 cell. The bars 
represent the standard error. 
Means followed by the same let-
ter are not significantly different 
at p < 0.05



134 Journal of Crop Science and Biotechnology (2021) 24:127–136

1 3

each other and are reported to be induced by inflammatory 
stimuli such as LPS (Feldmann et al. 1996). LPS is known 
to induce the secretory activation of inflammatory cytokines 
by activating NF-κB in RAW 264.7 cells (Karin and Ben-
Neriah 2000; Willeaume et al. 1996). TNF-α and IL-1β are 

proinflammatory molecules whose secretion can be potently 
induced by lipopolysaccharide (Alexander and Rietschel 
2001). Inflammation not only plays a role in the inflamma-
tory diseases but also in the progression of cancer. Several 
inflammatory stages have been shown to predispose patients 

Fig. 5  Effect of Codonopsis 
lanceolata extracts on LPS-
induced IL-6 production in 
RAW264.7 cells. The bars 
represent the standard error. 
Means followed by the same let-
ter are not significantly different 
at p < 0.05

Fig. 6  Effect of Codonopsis 
lanceolata extracts on LPS-
induced IL-1β production in 
RAW264.7 cells. The bars 
represent the standard error. 
Means followed by the same let-
ter are not significantly different 
at p < 0.05
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to cancer, such as inflammatory bowel disease, predispos-
ing patients to colorectal cancer, H. pylori-induced gastritis 
to gastric cancer, or prostatitis to prostate cancer (Balkwill 
et al. 2005). The present study demonstrates improved anti-
inflammatory response in an LPS-stimulated macrophage 
model upon treatment with root extract of CL via reduction 
of IL-6 or TNF-a production, enhancement of IL-1β produc-
tion, or reduction of expression of NO. These results indicate 
that CL extracts tested here may have potential anti-inflam-
matory activity. However, numerous and in-depth studies 
should be carried out for this purpose.
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