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ABSTRACT

This study explored the anti-inflammatory and antioxidant activity according to the flowers’ 
color and the flowers’ shape from in vitro cultured Platycodon grandiflorum (PG) adventitious 
root extract. The DPPH and ABTS radical scavenging activity showed that the increase was 
proportional to the extract’s concentration. As a result of measuring the DPPH and ABTS radical 
scavenging activity, it was confirmed that the component that enhanced antioxidation was contained 
in the PG adventitious root, and it was presumed that there was not a large change in the scavenging 
activity according to the flowers’ color and shape. The nitrite scavenging effect was the highest 
at pH 1.2 in all the tested samples. However, there was no distinct detection of nitrite scavenging 
effects of the pH range 6.0. After PG extract pretreatment at 50, 100, and 200 μg mL-1, the 
LPS-treated experimental group significantly inhibited NO production in a dose-dependent manner. 
The dose-response trends followed quadratic regressions in all the tested PG adventitious root 
extracts. The PG adventitious root extracts showed a considerable range of influence on cytokine 
secretion. The adventitious root extracts of PG against the production of inflammatory mediators 
TNF-α, IL-6 and IL-1β showed significant anti-inflammatory activity.

Key words: ABTS, Anti-inflammatory, DPPH, Nitrite Scavenging Activity, Platycodon 
grandiflorum, RAW 264.7 cell
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I. INTRODUCTION

The root of Platycodon grandiflorum (PG) that 

belongs to the Campanulaceae family have been 

used as a food material and a traditional oriental 

medicine. In Korea, the PG has been collected and 

grown wild in the field, but in recent years, the 

demand for PG has increased, and cultivation has 

increased in general farms. The PG is a plant that 

contains protein, lipids, sugars, starch, iron, saponin, 

inulin, phytosterin, platycodinin, etc. The flower 

colors are white, purple and pink, and the flower 

shapes are single petal and double petal flower. The 

PG flowers are beautifully bloomed and used as a 

garden, landscaping, and cut flower, and are 

available native plant that use both above- and 

below-ground parts. The extracts from the PG root 

revealed that it contains a wide variety of 

compounds having health benefits including 

immunopharmacological effects (Gao et al. 2017). 

Recently, plant and plant-derived products are 

treated a part of the healthcare system by applying 

the bioactive phytochemicals. Medicinal plants are 

belived to be a potential source for the research of 

new biologically active compounds. Antioxidants are 

the compounds that delay the oxidation of other 

molecules by inhibiting the initiation or propagation 

of oxidizing chain reactions. Finding new and safe 

antioxidants from natural sources is great interest for 

applications in natural antioxidants, functional foods, 

and neutraceuticals. Phytochemical screening is one 

of the methods that have been used to explore 

antioxidant compounds in plants (Do et al. 2014). 

Antioxidant compounds can scavenge free radicals 

and increase shelf life by retarding the process of 

lipid peroxidation, which is one of the major reasons 

for deterioration of food and pharmaceutical 

products during processing and storage (Gülçin 

2010). Bioactive phytochemicals are increasingly 

used in the healthcare system. In particular, the 

screening of medicinal plants with antioxidant and 

anti-inflammatory activity is a major research goal 

worldwide. Antioxidant compounds, characterized 

by the ability to eliminate free radicals, in food have 

important protective effects on health. Many dietary 

antioxidant compounds are derived from plant 

sources, with a wide variety of physical and chemical 

properties. Furthermore, various plant extracts have 

be shown to suppress the production of 

proinflammatory cytokines, such as TNF-α, IL-6, and 

IL-1β, based on extensive in vitro analyses (Choi et 

al. 2016). Many medicinal plants such as PG have 

beneficial sources of anti-inflammatory agents. 

Accordingly, the research of the anti-inflammatory 

cytokines and antioxidant activity of PG roots is great 

attention and crucial factor for human health. In this 

study, the anti-inflammatory and antioxidant activity 

of different fractional extracts of PG were evaluated. 

This experiment was carried out to identify the 

difference in the anti-inflammatory and antioxidant 

activity of the PG root according to flower color and 

flower shape, including the green petal flower newly 

developed by our research team.

II. MATERIALS AND METHODS

1. Sample preparation

Adventitious root samples of different PG flower 

colors were provided by the cooperative research 

laboratory of this study, Woosong Information 

College. In vitro cultured adventitious root samples 

were freeze dried and ground to a fine powder. The 

powder was stored at -20°C until further analyses. 

The freeze dried powder was immersed in 70% 
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methanol and the filtrate was collected for three 

times with constant stirring of the mixture at every 

24 hr interval of a 72 hr total collection period. The 

filtrate was then concentrated under reduced 

pressure at 45°C using a vacuum rotary evaporator 

(IKA® RV 10 Basic Digital, IKA Co., Germany). The 

concentrated extract was stored at -20°C until further 

analysis

2. Determination of DPPH radical 

scavenging activity

The free radical scavenging activity of PG was 

measured by DPPH using the method described by 

Brand-Williams et al. (1995). In brief, 0.1 mM DPPH 

in methanol was prepared and 0.9 mL of this 

solution was added to 0.1 mL of GEB fractional 

extracts at different concentrations. The mixtured 

solution was allowed to react for 5 min by shaking 

with vortexing. The reacted sample was stand at 

room temperature and dark for 30 min, and then 

the absorbance was measured at 517 nm using a 

spectrophotometer. The DPPH radical scavenging 

capability was calculated according to the following 

equation: DPPH radicals (%) = [(A–B)/A] × 100], 

where A is the absorbance of the control reaction 

and B is the absorbance in the present of the sample 

of PG extract.

3. Determination of ABTS radical cation 

(ABTS•+) 

ABTS•+ assay was measured spectrophotometry 

by applying Re et al.(1999) previous method. In 

brief, ABTS was dissolved in water to a 7 mM 

concentration. ABTS•+ was produced by reacting 

ABTS stock solution with 2.45 mM potassium 

persulfate and allowed to stand in the dark at room 

temperature for 15 hr, followed by dilution to an 

absorbance of 0.7 at 734 nm. The 50 μL PG sample 

at different concentration with 0.95 mL of the diluted 

solution were added, followed by shaking for 10 sec 

by vortexing. The samples were reacted for 5 min 

at room temperature and absorbance was read at 

734 nm. The ABTS cation radical scavenging 

capacity was calculated relative to the reactivity of 

ascorbic acid as a standard under the same conditions. 

4. Measurement of nitrite scavenging 

ability (NSA)

NSA was measured by applying the previous 

method of Panda et al.(2009) analyzed using Griess 

reagent. The 40 μL of each extract sample was mixed 

with 20 μL of 1 mM nitrite sodium. Then, the mixture 

was added to 140 μL of 0.2 M citrate buffer (pH 

1.2, 4.2, or 6.0). The final volume of each sample 

wad adjusted to 200 μL. The mixture was incubated 

at 37°C,  for 1 hr, and then 1000 μL of 2% acetic 

acid and 80 μL of Griess reagent were added. The 

incubated samples were mixed vigorously using a 

vortexer, and then the mixture placed for 15 min 

at room temperature. The NSA was measured in 

absorbance at 520 nm, and was determined 

according to the following formula:

NSA (%) = ((1-A-C)/B) × 100

A: the absorbance of the mixture during the 

reaction with 1 mM NaNO2 after 1 hr

B: the absorbance of a mixture of distilled water 

and 1 mM NaNO2 after 1 hr

C: the absorbance of the sample
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5. Evaluation of in vitro anti-inflammatory 

activity

- Cell culture

RAW 264.7 is a mouse monocyte-macrophage cell 

line established from the ascites of a tumor induced 

in a male mouse. RAW 264.7 cells were purchased 

from the Korean Cell Line Bank (KCLB) and were 

cultured in Dulbecco’s modified Eagle’s medium 

(DMEM) supplemented with 10% fetal bovine serum 

and 1% antibiotic–antimycotic. The cells were 

maintained in a 5% CO2 incubator at 37°C. 

- Assay of cell viability

The cytotoxicity of PG extract against RAW 264.7 

cells was performed by MTT conversion assay. The 

RAW 264.7 cells were plated at a density of 1 × 104 

cells/well in 96-well plates for 24 hr, followed by 

the addition of various concentrations (50, 100, 200, 

400, and 800 μgㆍmL-1) of the PG extract. After 16 

hr of incubation, 50 μgㆍmL-1 MTT solution (5 mgㆍ

mL-1) was added to each well and allowed to stand 

for 4 hr at 37°C. The medium was carefully removed 

to protect the formazan produced by the reduction 

of MTT and the formazan crystals were dissolved 

using 300 μgㆍmL-1 DMSO. Absorbance was 

measured at 540 nm using a UV-visible microplate 

reader (model 550; Bio-Rad, Hercules, CA, USA). 

Cell viability was calculated as sample OD/blank OD 

× 100 (%).

- Measurement of LPS-induced nitric 

oxide(NO) production

The RAW 264.7 cells were cultured in a 96-well 

plate and incubated for 18 hr at 37°C in 5% CO2. 

The cells were then incubated for 18 hr after 

treatment with 0.5 μgㆍmL-1 LPS (Sigma, St. Louis, 

MO, USA). The NO content was determined by the 

Griess reagent system. RAW 264.7 cells were seeded 

at a density of 5 × 104 cells/well in 6-well plates 

for 24 hr, pre-treated with 0.5 μgㆍmL-1 LPS, and 

added to the extract at various concentrations (50, 

100, and 200 μgㆍmL-1). After the cells were 

incubated for 16 hr, NO levels were determined by 

the Griess reagent system using the supernatant. 

Absorbance was determined at 540 nm using a 

UV-visible microplate reader (Bio-Rad model 550, 

Hercules, CA, USA).

- Measurement of cytokine levels

Murine RAW 264.7 peritoneal macrophage cells 

were cultured at a density of 1 × 104 cells/well in 

6-well plates for 24 hr. They were then washed with 

phosphate-buffered saline (PBS) and treated with 

various concentrations (50, 100, and 200 μgㆍmL-1) 

of the GEB extract with 0.5 μgㆍmL-1 LPS for 24 

hr. Supernatants were collected, and levels of IL-1β, 

IL-6, and TNF-α released into the culture 

supernatants were determined using commercially 

available cytokine ELISA kits (all from Bender R&D 

Systems, Inc.), according to the manufacturer’s 

instructions.

6. Data analysis

For all experiments, three to five independent 

replicates were evaluated. The statistical analyses 

were performed using Statistical Analysis System 

(version 9.1; SAS Institute Inc., Cary, NC, USA). The 

one-way ANOVA procedure followed by Duncan’s 

Multiple Range Tests were used to detect significant 

differences (p<0.05) in mean values among groups.
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III. RESULTS AND DISCUSSION

1. DPPH radical scavenging activity

The comparative results of the DPPH free radical 

scavenging rate of PG adventitious root extract in 

different flower color and flower shape are shown 

in Table 1. DPPH is a stable nitrogen-centered free 

radical the color of which changes from violet to 

yellow upon reduction by either the process of 

hydrogen- or electron- donation. Substances which 

are able to perform this reaction can be considered 

as antioxidants and therefore radical scavengers 

(Dehpour et al. 2009). The PG extract of double 

petal purple color had the highest DPPH activity of 

41.76% and the blue color PG extract showed the 

lowest DPPH activity of 34.57% at a concentration 

of 20 mg mL-1. All extracts showed a tendency to 

increase DPPH activity in a dose-dependent manner. 

The antioxidant activity of natural substances is 

determined based on the electron donor capacity of 

DPPH, which inhibits oxidation by donating 

electrons in free radicals, causing lipid peroxidation 

(Boo et al. 2012). Free radicals contribute to 

biological damage, and DPPH activity is an indicator 

of the free radical-scavenging activity of natural 

antioxidants (Kim et al. 2017). Cells are oxidized and 

damaged by the free radical, depending on the 

growth of cells. It has been reported that saponin 

components of PG have the antioxidant capacity to 

inhibit the oxidation by donating electrons to the 

free radical due to strong reduction (Kim et al. 2010; 

Ryu et al. 2012). The effective source of PG could 

be employed in all medicinal preparation to combat 

myriad diseases associated with oxidative stress. This 

results showed that PG could be employed in a 

medicinal preparation to combat diseases associated 

with oxidative stress. 

2. ABTS radical scavenging activity

The formation of the ABTS radical cation takes 

place almost instantaneously after additing potassium 

persulfate to an ABTS solution. ABTS assays were 

performed in order to evaluate the radical 

scavenging activities of PG adventitious root extracts 

according to the PG flower color and flower shape. 

The results of the ABTS radical scavenging activity 

were similar to those for DPPH radical scavenging 

activity. That is, the PG extract of double petal 

purple color had the highest ABTS activity of 46.38% 

and the blue color PG extract showed the lowest 

PG Extract

DPPH radical scavenging activity, % of control

Concentration (mg/mL)

1 2.5 5 10 20

Green 7.84 ± 0.38bc1) 9.95 ± 0.45b 11.81 ± 0.88bc 21.22 ± 1.08a 40.55 ± 1.49a

Blue(Dwarf) 6.62 ± 0.26c 7.61 ± 0.51c 9.91 ± 0.39c 13.91 ± 0.74c 34.57 ± 1.18b

Semi double pink 8.49 ± 0.14ab 9.79 ± 0.16b 12.43 ± 0.52b 18.00 ± 1.08b 38.48 ± 1.85ab

Semi double white 8.85 ± 0.40ab 10.58 ± 0.60ab 12.92 ± 0.42b 20.67 ± 0.89a 41.12 ± 1.41a

Double purple 9.49 ± 0.64a 11.40 ± 0.64a 14.25 ± 0.44a 21.45 ± 0.44a 41.76 ± 0.27a

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

Table 1. DPPH radical scavenging activities of adventitious root extracts from Platycodon 

grandiflorum according to the flowers’ color and flowers’ shape
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ABTS activity of 33.33% (Table 2). All the tested 

samples at 20 mg mL-1 concentration exhibited 

effective radical cation scavenging activity. The 

ABTS radical scavenging activity was progressively 

increased in a dose-dependent manner. Therefore, 

the ABTS radical scavenging activity of adventitious 

root extract of PG indicates its ability to scavenge 

free radicals, thereby preventing oxidation via a 

chain-breaking reaction. Radical scavenging activities 

are very important due to the deleterious role of free 

radicals in foods and in biological systems. However, 

the antioxidant activity was low in this adventitious 

root extract compared to the results of the general 

PG root extract in our previous study. The 

electron-donating ability is determined by the one 

electron oxidation potential of the parent antioxidants, 

expressed by definition as the reduction potential 

of the corresponding phenoxyl radicals (Chan et al. 

1998). In the present study, the results were 

supposed that PG adventitious root extracts were 

somewhat effective in antioxidant properties.

3. Nitrite scavenging activity (NSA)

The results of the determination of NSA of PG 

adventitious root extract according to the PG flower 

color and flower shape are summarized in the table 

3. It was examined over a range of acidic conditions 

(pH 1.2, 4.2 and 6.0). The NSA effect was the 

highest at pH 1.2 in all samples tested. However, 

there was no distinct detection of nitrite scavenging 

PG Extract 

ABTS radical scavenging activity, % of control

Concentration (mg/mL)

1 2.5 5 10 20

Green 9.08 ± 0.53bc1) 10.23 ± 0.14bc 12.70 ± 0.48b 19.50 ± 0.73c 44.01 ± 1.12b

Blue(Dwarf) 7.69 ± 0.26d 8.47 ± 0.21c 10.96 ± 0.49c 15.54 ± 0.38d 33.33 ± 0.81d

Semi double pink 8.47 ± 0.17cd 10.38 ± 0.30b 11.77 ± 0.13bc 17.98 ± 0.28c 38.62 ± 0.36c

Semi double white 10.73 ± 0.15a 12.24 ± 0.57a 16.47 ± 0.70a 22.85 ± 1.01b 45.17 ± 0.56ab

Double purple 9.80 ± 0.48ab 12.52 ± 1.22a 17.67 ± 0.75a 25.41 ± 0.25a 46.38 ± 0.78a

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

Table 2. ABTS radical scavenging activities of adventitious root extracts from Platycodon 

grandiflorum according to the flowers’ color and flowers’ shape

PG Extract 
Nitrite scavenging activity(%)

pH 1.2 pH 4.2 pH 6.0

Green 52.75 ± 1.10a1) 36.86 ± 0.88ab ND

Blue(Dwarf) 40.72 ± 0.85c 29.63 ± 0.62c ND

Semi double pink 47.40 ± 1.34b 33.94 ± 0.76bc ND

Semi double white 49.11 ± 1.13b 37.36 ± 1.46ab ND

Double purple 54.19 ± 0.94a 41.22 ± 2.77a ND
1)Data represent the mean values ± SE of three independent experiments. Means with the same letter in column are 
not significantly different at p<0.05 level by Duncan’s multiple range test.

Table 3. Nitrite scavenging activities of adventitious root extracts from Platycodon grandiflorum 

according to the flowers’ color and flowers’ shape
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effects of the pH range 6.0. The highest scavenging 

ability (54.19%) was detected in extract of double 

petal purple color at a pH of 1.2, and the blue color 

root extract was the lowest. These results were also 

similar to the DPPH and ABTS results, and were 

considered to be correlated. The fact that the NSA 

was high at pH 1.2 suggests that nitrosamine 

production can be inhibited in vivo (Choi et al. 

2008). These results were consistent with other 

findings that had the highest the nitrite scavenging 

at pH of 1.2 in fermented pine extract (Hong et al. 

2004) and extracts from different parts of citron (Shin 

et al. 2005). These results suggested that the PG 

adventitious root extract have potent NSA and are 

potentially useful antioxidants in processed foods, 

and might be a source of food and natural 

antioxidants.

4. Cytotoxicity on RAW 264.7 cell

The cytotoxic effect of PG extracts on RAW 264.7 

cell viability was assessed by the MTT assay. The 

cytotoxicity of the PG adventitious root extract 

according to the PG flower color and flower shape 

are summarized in the table 4. When cells were 

treated for 2 days with various concentrations (50, 

100, 200, 400 and 800 μg mL-1) of extracts, the rate 

of cell survival progressively decreased in a 

dose-dependent manner. As a result of treatment 

with PG adventitious root extract at various 

concentrations, the survival rate of RAW 264.7 cell 

was more than 90% at a concentration of 200 μg 

mL-1 or less, and it was confirmed that the 

macrophage cell showed little toxicity. Therefore, 

the anti-inflammatory assay was performed based on 

the concentration of less than 200 with little toxicity. 

5. NO production

NO production from activated macrophages is 

essential for the control of a variety of microbial 

infections (Bogdan et al. 2000). Abnormalities in 

vascular NO production and transport result in 

endothelial dysfunction with various cardiovascular 

pathologies like hypertension, atherosclerosis and 

angiogenesis-associated disorders (Chen et al. 2008). 

NO production of the LPS alone was significantly 

higher than LPS- treated with PG extracts at 24 hr 

after pre-treatment at 50, 100, and 200 μg mL-1 with 

PG adventitious root extracts (Fig. 1). The 

dose-response trends followed quadratic regressions 

in all PG samples. NO production tended to be more 

PG Extract

Cell viability (% of control)

Concentration (ug/mL)

50 100 200 400 800

Green 98.78 ± 1.31a1) 95.79 ± 1.66ab 95.15 ± 0.79a 79.93 ± 1.87ab 71.84 ± 2.13bc

Blue(Dwarf) 96.57 ± 1.61a 92.21 ± 1.69ab 88.10 ± 1.22b 83.87 ± 0.91a 77.08 ± 0.21a

Semi double pink 98.60 ± 1.23a 97.78 ± 5.22a 83.36 ± 3.08c 75.93 ± 3.94bc 73.43 ± 3.16ab

Semi double white 98.78 ± 1.20a 90.00 ± 1.40b 86.79 ± 0.21bc 73.54 ± 0.23c 71.22 ± 2.27bc

Double purple 97.30 ± 1.32a 96.06 ± 1.44ab 88.54 ± 1.03b 78.81 ± 1.92ab 68.54 ± 2.46c

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

Table 4. Cytotoxicity in RAW 264.7 cells of adventitious root extracts from Platycodon grandiflorum

according to the flowers’ color and flowers’ shape 
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decrease in the samples of green flower and white 

flower of semidouble petal than the other samples 

at all concentrations treated with PG extract., which 

significantly reduced NO production compared to 

LPS treatment alone (35.99 μM). In macrophages, 

NO is produced by the conversion of arginine and 

oxygen to citrulline and NO via inducible NO 

synthase (iNOS). iNOS levels in activated macrophages 

are regulated by complex transcriptional and 

posttranscriptional mechanisms (Taylor and Geller 

2000). Macrophages are involved in the innate 

immune response via phagocytosis or the production 

of a variety of compounds, including cytokines and 

NO (Dempsey et al. 2003). NO is a reactive free 

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. Although the mechanisms by 

which NO regulates the angiogenic process are not 

fully understood, NO has emerged as an important 

modulator of physiologic and pathologic angiogenesis 

and inflammation (Choi et al. 2009). 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). These results suggest that PG adventitious 

root extracts have immunosuppressive potential; 

furthermore, these effects differ depending on the 

flower color and flower shape. 

6. Cytokine production

We explored that the PG extracts have an 

anti-inflammatory effect and operated LPS-stimulated 

macrophages as a method for in vitro assays. 

Macrophages were treated with LPS, and the 

concentrations of IL-1β, IL-6, and TNF-α secreted 

from the supernatant were evaluated. We used 

LPS-stimulated macrophages as a model for testing 

adventitious root extracts of PG for anti-inflammatory 

activity. Macrophages 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 PG adventitious root extracts on the 
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expression of various pro-inflammatory and 

inflammatory cytokines induced by LPS in RAW 

264.7 cells. As a result, IL-6 production at 200 μg 

mL-1 concentration of PG adventitious root extract 

showed the LPS 193.61 pg mL-1, green flower 92.92 

pg mL-1, blue flower 106.90 pg mL-1, pink flower 

of semidouble petal 97.10 pg mL-1, white flower of 

semidouble petal 86.03 pg mL-1 and purple flower 

of double petal 96.57 pg mL-1, and it was 

significantly inhibited in a concentration-dependent 

manner (Fig. 2). IL-1β production at 200 μg mL-1 

concentration of PG adventitious root extract 

showed the LPS 341.19 pg mL-1, green flower 146.08 

pg mL-1, blue flower 185.35 pg mL-1, pink flower 

of semidouble petal 164.62 pg mL-1, white flower 

of semidouble petal 148.48 pg mL-1 and purple 

flower of double petal 157.54 pg mL-1, and it was 

also inhibited in a concentration-dependent manner 

(Fig. 3). TNF-α production at 200 μg mL-1 

concentration of PG adventitious root extract 

showed the LPS 408.72 pg mL-1, green flower 148.35 

pg mL-1, blue flower 166.22 pg mL-1, pink flower 

of semidouble petal 149.66 pg mL-1, white flower 

of semidouble petal 145.07 pg mL-1 and purple 

flower of double petal 144.86 pg mL-1, and it was 

also inhibited in a concentration-dependent manner 

(Fig. 4). In particular, these results showed that the 

anti-inflammatory activity was different depending 

on the PG flower color and flower shape, and the 

efficacy was relatively high in the double petal 

purple color and semidouble petal white color. 

Upon stimulation of the LPS, monocytes produce 

proinflammatory cytokines, such as TNF-α, IL-6, and 

IL-1β. Persistent inflammatory responses can 

damage host tissues (Michalaki et al. 2004). 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 each other and are reported to be 

induced by inflammatory stimuli such as LPS 

(Feldmann et al. 1996). Inflammation not only plays 

a role in the inflammatory diseases, but also in the 

progression of cancer. Several inflammatory stages 

have been shown to predispose patients to cancer, 
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Fig. 3. Effect of Platycodon grandiflorum adventitious

root extracts on LPS-induced IL-1β production 

in RAW 264.7 cells. Within an extract 
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same letter are not significantly different 

at p<0.05. Bars represent SE.
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such as inflammatory bowel disease, predisposing 

patients to colorectal cancer, H. pylori-induced 

gastritis to gastric cancer, or prostatitis to prostate 

cancer (Balkwill et al. 2005). The present study 

demonstrated an enhanced anti-inflammatory response 

in an LPS-stimulated macrophage example following 

cure with PG adventitious root extracts through 

reductions in IL-6, TNF-α, and IL-1β production or 

a reduction in the expression of NO. These results 

suggest that PG adventitious root extracts have 

potential anti-inflammatory activity, however, further 

in-depth studies are needed to promote their 

practical application. 

IV. SUMMARY AND CONCLUSIONS

The results obtained in the present study 

demonstrated the responses of the PG adventitious 

root extracts related to anti-inflammatory and 

antioxidant activity according to PG flower color and 

flower shape. Three free radicals were used to assess 

the potential free radical-scavenging activities of PG 

adventitious root extracts, namely DPPH radical, 

ABTS radical, and nitrite radicals. The results 

prevailed that the anti-inflammatory responses from 

TNF-α, IL-6, and IL-1β were influenced by the 

dose-dependent manner and most of the studied 

extracts have potential activity. Taken Together, this 

study indicates that bioactive molecule present in PG 

adventitious root could be helpful for the 

development of new drugs and / or as a source of 

basic medicine in the treatment of some diseases.
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