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  Recently, Cynanchi wilfordii Radix has gained wide use in Asian countries as a functional food 
effective for relieving fatigue, osteoporosis, and constipation, particularly in menopausal disorders. 
However, its anti-inflammatory and anti-microbial activities have not been explored in detail to date. 
The anti-inflammatory, antioxidant, and anti-bacterial properties of the Cynanchi wilfordii Radix 
extracts obtained with water, methanol, ethanol, and acetone were compared. All 4 polyphenol- 
containing extracts exhibited anti-inflammatory and antioxidant effects. The ethanol extract was found 
to elicit the most potent reduction of nitric oxide (NO), prostaglandin E2 (PGE2), and cytokine (IL-1β , 
IL-6, IL-10, and TNF-α) levels, as well as inhibit the expression of inducible nitric oxide synthase (iNOS) 
and cyclooxygenase-2 (COX-2) in a concentration-dependent manner. The evaluation of antioxidant 
activity also revealed the ethanol extract to have the highest free radical scavenging activity, measured 
as 85.3±0.4%, which is equivalent to 99.9% of the activity of α -tocopherol. In the assessment of 
anti-bacterial activity, only ethanol extract was found to inhibit the growth of the Bacillus species 
Bacillus cereus and Bacillus anthracis. These results show that polyphenols of Cynanchi wilfordii Radix 
have anti-inflammatory, antioxidant, and anti-bacterial properties that can be exploited and further 
improved for use as a supplementary functional food, in cosmetics, and for pharmaceutical purposes.
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INTRODUCTION

  There is considerable research interest in the identi-
fication of new anti-inflammatory, antioxidant, and anti-mi-
crobial agents from plants used in traditional medicine. 
While 80% of the world’s population relies on traditional 
medicines for their primary care needs [1], very few plants 
are currently used as anti-inflammatory, antioxidant, and 
anti-microbial agents.
  Cynanchi wilfordii Radix has been used in Korean 
Oriental medicine for the prevention and treatment of vari-
ous geriatric diseases involving vascular disorders, includ-
ing diabetes mellitus, ischemia-induced diseases, and the 
progression of aging [2]. It is widely used as an effective 
functional food for management of fatigue, osteoporosis, 
and constipation, particularly in menopausal disorders. 

Cynanchi wilfordii Radix, a plant belonging to the Asclepia-
daceae family, is commonly used in Oriental medicine. It 
is a rich source of pregnane glycosides [3] and biologically 
active compounds known to modulate cardiac function [4]. 
To date, this plant has been used to improve renal, cardiac 
[5], and hepatic function; reduce fatigue [6]; and strengthen 
the bones and muscles. However, the anti-inflammatory 
and anti-bacterial effects of Cynanchi wilfordii Radix have 
not been reported to date.
  Within the inflammatory response, macrophages are crit-
ical immune cells that regulate the inflammatory cascades. 
The immune response to microbial pathogens relies on both 
innate and adaptive immune responses. Activated macro-
phages secrete a number of inflammatory mediators, in-
cluding interleukin (IL)-1β, IL-6, IL-10, prostaglandin E2 
(PGE2), nitric oxide (NO), and tumor necrosis factor-α 
(TNF-α) [7-9]. Cytokines such as IL-1β, IL-6, IL-10, and 
TNF-α are soluble proteins that are secreted by the cells 
of the immune system [10]. Free radicals, in the form of 
reactive oxygen and nitrogen species, are an integral part 
of normal physiological processes. Overproduction of these 
reactive species can occur due to oxidative stress brought 
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about by an imbalance between the antioxidant defense 
system of the body and free radical formation [11,12].
  Food poisoning is accompanied by diarrhea and emesis, 
and is associated with gastroenteritis [13,14]. Human in-
fection can result from the consumption of contaminated 
dairy products, poultry, dried or frozen eggs, and shellfish 
from contaminated water [15]. The Escherichia coli O157：
H7 bacteria is widely recognized to be involved in food poi-
soning and is considered to be the main cause of life-threat-
ening complications, including hemorrhagic colitis and he-
molytic uremic syndrome in children and immunocompro-
mised patients [16,17]. Bacillus cereus, one of the most im-
portant bacteria involved in instances of poisoning, is recog-
nized as a causative agent of food poisoning and gastro-
enteritis [18,19]. Bacillus anthracis, a notorious biological 
warfare agent, has been used as a weapon with the intent 
to cause substantial morbidity and mortality, potentially 
crippling an entire city or region [20]. In this study, extracts 
from Cynanchi wilfordii Radix were prepared using 4 dif-
ferent solvents (water, methanol, ethanol, and acetone) and 
their anti-inflammatory and anti-bacterial potential were 
determined.

METHODS

Materials

  Solvents (methanol, ethanol, and acetone) were obtained 
from Samchun Pure Chemical Co., Ltd. (Pyeongtaek, Korea). 
Cynanchi wilfordii Radix was purchased from an Oriental 
drug store in Seoul, Korea. Folin-Ciocalteu reagent, 3-(4,5- 
dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide (MTT) 
reagent, Griess reagent, lipopolysaccharide (LPS), gallic 
acid, α-tocopherol, and dimethyl sulfoxide (DMSO) were 
purchased from Sigma-Aldrich (St. Louis, MO, USA). 
Dulbecco’s modified Eagle’s medium (DMEM), fetal bovine 
albumin (FBS), and gentamycin were purchased from 
GIBCO BRL (Grand Island, NY, USA). Enzyme-linked im-
munosorbent assay (ELISA) kit and Mueller-Hinton agar 
were purchased from R&D Systems (Minneapolis, MN, 
USA) and Difco (Detroit, MI, USA), respectively.

Plant materials and extraction

  Dried Cynanchi wilfordii Radix (20 g) was extracted with 
hot water and 80% methanol, 80% ethanol, or 80% acetone 
under reflux for 24 h, and filtered using Whatman filter 
paper (Macherey-Nagel; Düren, Germany). The filtered su-
pernatants were evaporated using a rotary evaporator 
(Eyela; Tokyo, Japan) under reduced pressure, yielding a 
viscous solution. The concentrated extracts were freeze- 
dried and stored in the dark at 4oC until the time of the 
experiments.

Total polyphenol content

  Total polyphenol content (TPC) of the extracts was meas-
ured using the Folin-Denis method [21]. Folin-Ciocalteu re-
agent (750 μl) was added to 150 μl of the sample and 
the reaction mixture was incubated for 5 min. After the 
incubation, 600 μl of 10% Na2CO3 was added and the re-
action mixture was incubated at room temperature for 60 
min. Absorbance of the reaction mixture was subsequently 
measured at 760 nm using InfiniteⓇ F200 plate reader 

(Tecan, Männedorf, Switzerland). Gallic acid was used to 
prepare the standard curve.

Cell viability assay

  Murine RAW 264.7 cells were obtained from the Korea 
Cell Bank (Seoul, Korea) and cultured in DMEM containing 
10% FBS, 20 μg/μL of gentamycin at 37oC in a CO2 in-
cubator (Model 3111, Thermo Fisher Scientific; Waltham, 
MA, USA). The cells were seeded at 5×105 cells/well in 
24-well plates. Cell viability was tested following in-
cubation with 0, 1, 5, 10, 50, 100, and 250 μg/μl concen-
trations of each extract. After 24 h of incubation, the cells 
were subjected to an MTT assay. Medium was replaced 
with 500 μl of serum-free media with MTT (0.5 mg/μl). 
After incubation for 1 h, the medium was removed and solu-
bilized by adding 500 μl of DMSO to each well. The absorb-
ance was monitored at a 590 nm wavelength using a micro-
plate reader.

Nitrite determination

  RAW 264.7 cells were plated in 24-well cell culture plates 
with 1 ml of culture medium and incubated for 24 h. The cells 
were then treated with 0, 1, 5, 10, 50, 100, and 250 μg/μl 
of each extract with 0.1 μg/μl of LPS, and incubated for 
24 h. The nitrite generated was quantitated using the 
Griess reagent system. The supernatant was mixed with 
an equal volume of Griess reagent and incubated for 10 
min at room temperature. The absorbance was measured 
at 540 nm using a microplate reader and nitrite concen-
tration was determined.

Measurement of IL-1β , 6, 10, PGE2, and TNF-α 
levels

  The PGE2, IL-1β, IL-6, IL-10, and TNF-α levels were 
determined in the supernatants from RAW 264.7 cells cul-
tures using an ELISA kit according to the manufacturer's 
instructions. The cells were incubated with LPS (0.1 μg/μl) 
in the presence of a range of concentrations of Cynanchi 
wilfordii Radix extracts for 24 h. The absorbance was meas-
ured at 450 nm using a microplate reader and a standard 
curve was used to determine the levels of each cytokine.

Western blot analysis

  RAW 264.7 cells were incubated with LPS (0.1 μg/μl) 
in the presence of a range of concentrations of Cynanchi 
wilfordii Radix extracts for 24 h. Total protein was ex-
tracted from cultured cells using the freeze-thaw lysis 
method. Equal amounts of protein from each sample were 
separated by 12% sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis and blotted onto polyvinylidene fluoride 
membranes (Bio-Rad; Hercules, CA, USA). After blotting, 
the membrane was incubated with specific primary anti-
body overnight at 4oC, and subsequently incubated for 1 
h with a secondary antibody. Protein signals on the mem-
brane were quantified using a luminescent image analyzer 
LAS-4000 mini (Fujifilm Life Sciences; Tokyo, Japan).

Determination of antioxidant activity

  Antioxidant activity was evaluated using 2,2-diphenyl- 
1-picrylhydrazyl hydrate (DPPH) free radical scavenging 
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Table 1. Total phenol content of Cynanchi wilfordii Radix extracts

Concentration
(μg/ml)

Cynanchi wilfordii Radix

Water Methanol Ethanol Acetone

1,000 5.6c±0.6† 10.0b±0.3 19.8a±0.4 10.7b±0.6

All values are expressed as μg gallic acid equivalents /g.
†Values represent means of 3 determinations. 
a-cDifferent superscripts within the same row indicate signifi-
cantly different values (p＜0.01).

Fig. 1. The viability of RAW 264.7 cells following treatment with 
a range of concentrations of Cynanchi wilfordii Radix extracts. 
Cells were treated for 24 h with 0, 1, 5, 10, 50, 100, or 250 μg/ml 
of Cynanchi wilfordii Radix extracts. Control cells were treated 
with media only. The results are expressed as means±SE from 3 
independent experiments.

activity according to the method described by Hatano and 
Kagawa [22]. α-Tocopherol reagent (Sigma-Aldrich; St. Louis, 
MO, USA) was used as a positive control. Each extract was 
mixed with 100 μl of DPPH solution to a final concen-
tration of 0.2 mM and allowed to stand for 30 min. The 
absorbance of the mixture was measured at 517 nm using 
a microplate reader. Scavenging activity was calculated us-
ing the following equation.

DPPH radical scavenging activity=(1−Atest/Acontrol)×100,

where Atest represents the absorbance of the test solution, 
and Acontrol represents the absorbance of the α-tocopherol 
solution.

Anti-bacterial activity assay

  Anti-bacterial activity against 5 pathogens commonly in-
volved in food poisoning was determined by the agar disc 
diffusion method using the measurement of the diameter 
of the clear zone. Bacillus cereus KCTC 3624T was obtained 
from the Korean Collection for Type Cultures (KCTC; Daejeon, 
Korea). Bacillus anthracis ATCC 14578T and Escherichia coli 
O157：H7 ATCC 43894 were obtained from the American 
Type Culture Collection (ATCC; Manassas, VA, USA). 
Salmonella typhimurium NCCP 14774 was obtained from 
the National Culture Collection for Pathogens (NCCP; 
Cheongwon, Korea). Vibrio cholerae O139 was obtained 
from the Department of Microbiology, College of Medicine, 
Chonnam National University (Gwangju, Korea). The 
strains were grown aerobically on Mueller-Hinton agar at 
37oC for 18 h. Cultured media from test microorganisms 
were placed in sterilized paper discs (10 mm diameter) with 
each extract and placed on the inoculated agar surface. A 
broth micro-dilution susceptibility assay was conducted in 
accordance with NCCLS 2009 [23] guidelines for the mini-
mal inhibitory concentration (MIC) determinations. MIC val-
ues were defined as the lowest concentrations of Cynanchi 
wilfordii Radix extracts where no visible growth can be 
observed.

Statistical analysis

  All measurements were performed in triplicate and the 
results are expressed as means±standard error (SE). Statis-
tical analyses of the differences between samples were car-
ried out using one-way analysis of variance (ANOVA) fol-
lowed by a post-hoc correction for multiple comparisons us-
ing the Duncan test and the Student’s t-test using the 
Predictive Analytics Software (PASW) statistics package for 
Windows. p＜0.01 was considered statistically significant.

RESULTS

TPC

  The amount of TPC determined with 1,000 μg/ml of each 
of Cynanchi wilfordii Radix extract is shown in Table 1. 
TPC concentrations in water, methanol, ethanol, and acetone 
extracts were determined to be 5.6±0.6, 10.0±0.3, 19.8±6.4, 
and 10.7±0.6 μg gallic acid equivalents (GAE)/g, respec-
tively. The highest TPC was detected in the ethanol extract.

Cell viability

  The cytotoxic effects of polyphenols in Cynanchi wilfordii 
Radix extracts were evaluated in RAW 264.7 cells using 
the MTT assay. Polyphenols were measured at treatment 
concentrations in the cell culture system. Cells were treated 
for 24 h with 0, 1, 5, 10, 50, 100, or 250 μg/mL of each 
Cynanchi wilfordii Radix extract. Control group cells were 
treated with media only. As shown in Fig. 1, no cytotoxic 
effects of polyphenols (up to a concentration of 250 μg/ml) 
were noted after a 24-h incubation.

NO and PGE2 in LPS-stimulated RAW 264.7 cells

  The inhibitory effects of 4 extracts of Cynanchi wilfordii 
Radix on the production of nitrite, a stable metabolite of 
NO, and PGE2 were evaluated and compared in LPS-chal-
lenged RAW 264.7 cells. Cells were treated for 24 h with 
0, 1, 5, 10, 50, 100, or 250 μg/ml of each extract in the 
presence of 0.1 μg/ml LPS. As shown in Fig. 2, Cynanchi 
wilfordii Radix extracts effectively suppressed LPS-induced 
nitrite production in a dose-dependent manner. Consistent 
with the observed nitrite accumulation, the extracts pro-
foundly inhibited PGE2 production. NO production in cells 
treated with the ethanol extract was significantly lower 
than that in cells treated with the water, methanol, or ace-
tone extracts at 50 and 100 μg/ml concentrations. NO levels 
in LPS-stimulated RAW 264.7 cells exposed to 100 μg/ml 
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Fig. 2. Suppression of LPS-induced production of NO and PGE2 in RAW264.7 cells by Cynanchi wilfordii Radix extracts. Cells were treated 
for 18 h with 0, 1, 5, 10, 50, 100, or 250 μg/ml of Cynanchi wilfordii Radix extracts in the presence of 0.1 μg/ml LPS. Control cells 
were treated with media only. The results are expressed as means ± SE from 3 independent experiments. *p＜0.01 indicates a significant 
difference compared to LPS-treated cells. A: NO, B: PGE2.

of water, methanol, ethanol, or acetone extract were deter-
mined to be 91.1±2.7%, 81.3±1.3%, 24.0±4.6%, and 40.9±3.3%, 
respectively, relative to the untreated control. PGE2 levels 
following exposure to 100 μg/ml of the water, methanol, 
ethanol, or acetone extracts were determined to be 
80.5±8.7%, 92.5±3.4%, 47.9±6.4%, and 64.6±2.8% of the con-
trol values. These results showed that only methanol, etha-
nol, and acetone extracts exerted an anti-inflammatory ef-
fect by ameliorating the production of the inflammatory me-
diators NO and PGE2. In contrast, equal concentration of 
water extract did not elicit anti-inflammatory effects. The 
water extract exhibited anti-inflammatory effects at 250 μ
g/ml. In addition, PGE2 was dramatically reduced (82.5%) 
following treatment with 250 μg/ml of the water extract. 
The 250 μg/ml concentration in the acetone extract and 
water extract was reduced dramatically than the ethanol 
extract. These results indicates that the water and acetone 
extract was more related to pain. In particular, levels of 
NO were dramatically reduced (76.0%) compared to those 
of PGE2 and other inflammatory factors following in-
cubation of RAW 264.7 cells with 100 μg/ml of the ethanol 
extract. Based on the comparison of the 4 Cynanchi wilfor-
dii Radix extracts, the highest anti- inflammatory effects 
were observed with the ethanol extract. 

Pro-inflammatory cytokines in LPS-stimulated RAW 
264.7 cells

  The effect of Cynanchi wilfordii Radix extracts on the 
production of IL-1β, IL-6, IL-10, and TNF-α were evaluated 
in LPS-stimulated RAW 264.7 cells. As shown in Fig. 3, pro-
duction of IL-1β, IL-6, IL-10, and TNF-α was dramatically 
diminished following treatment with the extracts. 
Treatment with ethanol extract in particular was observed 
to reduce IL-1β and IL-6 production to lower levels than 
treatments with the water, methanol, and acetone extracts. 
However, no inhibition of IL-10 production was observed 
following incubation with the water extract and no in-

hibition of TNF-α was observed following treatment with 
the water, methanol, or acetone extracts. TNF-α production 
was not significantly reduced, compared to other cytokines. 
Incubation with the highest concentration of the ethanol 
extract (250 μg/ml) was the only treatment that inhibited 
TNF-α.

LPS-induced expression of iNOS and COX-2

  Expression of iNOS and COX-2 enzymes was evaluated 
in murine macrophage RAW 264.7 cells using immuno-
blotting. As shown in Fig. 4, the ethanol extract was found 
to inhibit the expression levels of iNOS and COX-2 proteins 
in a concentration-dependent manner, with highest in-
hibitory effects observed following treatment with the 100 
μg/ml concentration. Methanol and acetone extracts in-
hibited the protein expression levels of iNOS and COX-2 
in a concentration-dependent manner, with highest in-
hibitory effects observed at 250 μg/ml. Conversely, water 
extract inhibited the protein expression levels of COX-2, 
with highest inhibition observed at 250 μg/ml.

DPPH radical scavenging activity

  The antioxidant activity of polyphenols was rapidly 
evaluated. As shown in Table 2, DPPH radical scavenging 
activity of Cynanchi wilfordii Radix extracts significantly 
increased with increasing extract concentration. Relatively 
high DPPH radical scavenging activities were found in wa-
ter, methanol, ethanol, and acetone extracts (56.8%, 85.2%, 
85.3%, and 83.2%, respectively) at 10.0 mg/ml. The highest 
DPPH radical scavenging activity (91.0%) was observed in 
the ethanol extract.

Anti-microbial activity

  As shown in Table 3, ethanol extract elicited relatively 
higher anti-microbial activity against B. cereus and B. an-
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Fig. 3. Suppression of LPS-induced production of cytokines IL-1β, IL-6, IL-10, TNF-α in RAW264.7 cells by Cynanchi wilfordii Radix 
extracts. RAW 264.7 cells were treated for 18 h with 0, 1, 5, 10, 50, 100, or 250 μg/ml of Cynanchi wilfordii Radix extracts in the presence 
of 0.1 μg/ml LPS. Control cells were treated with media only. The cell culture media were subsequently collected. The results are expressed 
as means±SE from 3 independent experiments. *p＜0.01 indicates significant difference compared to LPS-treated cells. A: IL-1β, B: IL-6, 
C: IL-10, D: TNF-α.

thracis (12.3 mm and 12.7 mm, respectively) than the other 
extracts. However, no anti-microbial activity was observed 
against E. coli O157：H7, S. typhimurium, and V. cholerae 
O139. The disc diffusion values of the ethanol extract at 
50 mg/ml concentration demonstrated its effectiveness 
against the bacteria involved in food poisoning. In contrast, 
the water, methanol, and acetone extracts were observed 
not to be effective in inhibiting bacteria involved in food 
poisoning. The MIC value of the ethanol extract was 6.25 
mg/ml against B. cereus and B. anthracis (Table 4).

DISCUSSION

  Cynanchi wilfordii Radix has been used in Korean 
Oriental medicine for the prevention and treatment of vari-
ous diseases [2]. In recent years, a number of medical herbs 
are increasingly used all over the world to promote health 
through reinforcing immunocompetence. Cynanchi wilfordii 
Radix is known for its medical uses but is also recognized 
to be among the foods with health benefits. It is perceived 
to be as an important agent in alternative medicine 
throughout the world. Commonly used medical agents com-
prise chemical substances, and have a high incidence of side 
effects. In comparison, medicines composed of natural sub-
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Fig. 4. Effects of Cynanchi wilfordii Radix extracts on LPS-induced changes in iNOS and COX-2 protein expression. Inhibitory effect of 
Cynanchi wilfordii Radix extracts on LPS induction of iNOS and COX-2 protein expression was evaluated in RAW264.7 macrophage cells.
Cells were treated for 24 h with 0, 1, 5, 10, 50, 100, or 250 μg/ml of different Cynanchi wilfordii Radix extracts. Electrophoresis was 
performed on cell lysates, and the expression levels of iNOS and COX-2 were detected using specific antibodies. β-actin was used as an 
internal control for western blot analysis. A: water extract, B: methanol extract, C: ethanol extract, D: acetone extract.

Table 2. 2,2-Diphenyl-1-picrylhydrazyl hydrate (DPPH) radical scavenging activity of Cynanchi wilfordii Radix extracts, expressed 
as percentage of control*

Concentration
(mg/ml)

Cynanchi wilfordii Radix extract

α-Tocopherol Water (%) Methanol (%) Ethanol (%) Acetone (%)

0.3 92.6±0.2 6.4v±1.0 6.7u±0.5 9.0s±3.2 6.9t±8.0
0.6 92.6±0.2 9.8r±4.0 12.1q±1.5 15.7p±0.6 16.2o±1.2
1.3 92.7±0.3 19.8n±1.5 22.5m±1.6 25.9l±1.7 29.8k±0.5
2.5 92.8±0.1 38.1j±3.3 44.5i±7.6 44.7i±5.4 52.0h±2.7
5.0 93.2±0.3 55.6g±4.9 68.8e±2.1 73.8d±2.0 83.0c±1.7

10.0 93.7±0.4 57.8f±3.6 85.2a±1.6 85.3a±0.4 83.2b±0.6

*All measurements were performed in triplicate, and values are average of 3 replicates.
a-vDifferent superscripts within the same row indicate significantly different values (p＜0.01).

Table 3. Comparison of antimicrobial activity of Cynanchi 
wilfordii Radix extracts

Microorganism
Cynanchi wilfordii Radix (50 mg/ml)*

Water Methanol Ethanol Acetone 

B. cereus ND† ND 12.3*±0.6# ND
B. anthracis ND ND 12.7±0.6 ND
E. coli O157：H7 ND ND ND ND
S. typhimurium ND ND ND ND
V. cholerae O139 ND ND ND ND

*All values are expressed in mm; inhibition zones within the 
diameter of the paper disc (10 mm).
†ND, not detected.
#All measurements were performed in triplicate, with values 
representing averages of 3 replicates.

stances are less likely to cause side effects. In this study, 
the polyphenols of the medicinal plant Cynanchi wilfordii 
Radix were evaluated for their anti-inflammatory, anti-
oxidant, and anti-microbial activities.
  Phenolic compounds, especially phenolic acids, are pres-

ent in vegetables, fruits, wines, juices, and tea. Recently, 
they have received much attention since a number of epi-
demiological studies suggest that consumption of poly-
phenol-rich foods and beverages may be protective against 
several chronic diseases, including heart disease, athero-
sclerosis, and cancer [24-27]. Therefore, the amount of poly-
phenol was measured in extracts of Cynanchi wilfordii 
Radix, with the ethanol extract determined to have the 
highest TPC, measured at 19.8±0.4 μg GAE/g.
  Inflammatory reaction results in the generation of NO 
and PG. NO is involved in the pathogenesis of a variety of 
diseases, including inflammatory bowel disease [28], multiple 
sclerosis [29], rheumatoid arthritis [30], bronchitis [31], and 
gastritis [32]. In addition, pro-inflammatory cytokines and 
mediators regulate the functional activity of immune cells 
and are involved in the pathogenesis of a host of inflam-
matory diseases and hemorrhagic shock, including septic 
shock, ulcerative colitis, and atherosclerosis [33-36]. The re-
sults of this study show that ethanol extracts of Cynanchi 
wilfordii Radix exhibited the highest inhibitory effect on 
LPS-induced NO, PGE2 and cytokine production. Levels of 
NO and PGE2 were reduced, followed by a reduction in ex-
pression of the key proteins involved in their synthesis, 
iNOS and COX-2, respectively. Among the evaluated ex-
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Table 4. Minimum inhibitory concentrations (MICs) of Cynanchi 
wilfordii Radix extracts against pathogenic bacteria

Microorganism Extract MIC (mg/mL)

Bacillus cereus Water extract ND*
Methanol extract  ND
Ethanol extract  6.3
Acetone extract  ND

B. anthracis Water extract  ND
Methanol extract  ND
Ethanol extract  6.3
Acetone extract  ND

E. coli O157：H7 Water extract  ND
Methanol extract  ND
Ethanol extract  ND
Acetone extract  ND

S. typhimurium Water extract  ND
Methanol extract  ND
Ethanol extract  ND
Acetone extract  ND

V. cholerae O139 Water extract  ND
Methanol extract  ND
Ethanol extract  ND
Acetone extract  ND

*ND, not detected.

tracts, the ethanol extract was found to dramatically reduce 
inflammation in LPS-stimulated RAW 264.7 cells. Also, the 
cytotoxicity of the Cynanchi wilfordii Radix extracts were 
not obvious after 24 h incubation. Traditional plant-derived 
medicines are usually considered to be less toxic with fewer 
side effects than chemical substances [37,38]. Thus, Cynanchi 
wilfordii Radix ethanol extract that suppress or inhibit the 
expression of these inflammation-associated genes can be 
considered to have therapeutic effects in the prevention of 
inflammatory reactions and diseases. Therefore, Cynanchi 
wilfordii Radix may be effective in the prevention and 
treatment of inflammation induced by a bacterial pathogen 
or viral infection in RAW 264.7 cells.
  Overproduction of reactive oxygen species can occur due 
to oxidative stress brought about by imbalances between 
the antioxidant defense system of the body and increased 
free radical formation. Oxidative stress has been linked with 
the progression of Alzheimer’s disease, Parkinson’s disease, 
amyotrophic lateral sclerosis, and DNA damage [39,40]. The 
highest DPPH scavenging activity was found in the 
Cynanchi wilfordii Radix ethanol extract, approaching 
85.3% of the activity of α-tocopherol. Therefore, compo-
nents of the Cynanchi wilfordii Radix ethanol extract may 
be able to improve cellular defenses and help to prevent 
oxidative damage to cellular components. 
  In addition, based on the evaluation of anti-bacterial ac-
tivity against bacterial strains involved in food poisoning, 
ethanol extract of Cynanchi wilfordii Radix was observed 
to be effective against Bacillus cereus and Bacillus anthracis. 
These results indicate that polyphenols present in 
Cynanchi wilfordii Radix ethanol extract have anti-in-
flammatory, antioxidant, and anti-bacterial properties. The 
findings of the present study clearly indicate that the etha-
nol extract of Cynanchi wilfordii Radix is a candidate for 
clinical use in treatment and prevention of food-borne dis-
ease and gastroenteritis.
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