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Abstract
This study evaluates the anti-inflammatory activities of the extracts obtained from
the medicinal plants Aster tataricus, Pinellia ternata, Ostericum koreanum, Platicodon grandiflorum, Asarum sieboldii, Tussilage farfara, and Acanthopanax sessiliflorus. These plants are used in Korea to treat inflammatory and respiratory ailments, including asthma. The hot water extract (HWE) of A. sessiliflorus inhibited
production of IFN-γ, IL-2, IL-4 and IL-5. The HWE of A. tataricus, O. koreanum,
P. grandiflorum, A. sieboldii and T. farfara had similar inhibitory effects on IFN-γ
and IL-5. The endo-polysaccharide (ENP) screened were less active than the HWE
and had varying effects on the production of cytokines. The HWE fractions from
all the plants except that from P. grandiflorum had marked anti-complement activity at a concentration of 1000 g/ml. The ENP of A. sieboldii, T. farfara and A. sessiliflorus exhibited significant anti-complement activity compared to the positive
control.
Keywords: Endo-polysaccharide (ENP); Anti-inflammatory; Cytokines; Complement

Introduction
The worldwide increase in inflammatory and allergic diseases has lead to an extensive search for new anti-inflammatory and immunosuppressive agents (Patwardhan, et al.,
1990). In recent years, attention has focussed on polysaccharides isolated from fungi, algae,
and plants because of their immunomodulatory activities (Ooi and Liu, 2000).
Inflammatory and allergic responses are regulated by the balance of pro- and antiinflammatory cytokines in tissues (Barnes, 2002; Calixto, et al., 2004). T helper lymphocytes
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(Th1 and Th2 cells) coordinate the cell-mediated immune/inflammatory responses that follow tissue insult or allergen exposure by releasing cytokines. The cytokine interferon γ (IFNγ) is one of the major cytokines produced by Th1 cells in response to viral infections and it is
a potent activator of other T and B lymphocytes, phagocytic cells and natural killer cells involved in eliminating them. Interleukin-4 (IL-4) and interleukin-5 (IL-5) are secreted by Th2
cells and mediate many of the responses observed in response to Helminth infections and
inflammatory and allergic diseases (Kang, et al., 2004). IL-4 is central to B cell switching to
IgE antibody production (Arthur and Mason, 1986) which underlies allergic inflammatory
diseases (Tepper, et al., 1990; Ricci, et al., 1997). The cytokine IL-5 induces eosinophilia
(Sanderson, 1992) and so has been a target in asthma (Leckie, et al., 2000).
The complement system plays a significant role in host defence. The complement
cascade can be activated by antibody-antigen complexes (classical pathway), direct binding
to the surface of some infectious agents (alternative pathway), or the MBL/MASP (mannan
binding lectin/MBL-associated serine protease) pathway (Kirschfink, 1997). The 30 or more
complement fragments that make up the complement system include proteolytic proenzymes,
non-enzymatic components, co-factors, regulators and receptors (Ember and Hugli, 1997).
Therefore modulation of complement activity may be useful in the therapy of inflammatory
diseases. A number of compounds from plant and/or microbial origin have been reported to
modulate the complement cascade (Locher, et al., 1995, Hildebert and Jordan, 1998, Park, et
al., 2004, Lee, et al., 2005).
As part of a search for novel compounds derived from plants for use as modulators
of inflammation, we have tested the effects on cytokine production (IFN-γ, IL-2, IL-4 and
IL-5) and complement activity of the extracts from the medicinal plants Aster tataricus (S1),
Pinellia ternata (S2), Ostericum Koreanum (S3), Platicodon grandiflorum (S4), Asarum sieboldii (S5), Tussilage farfara (S6), and Acanthopanax sessiliflorus (S7). These are widely
used in traditional medicine in China and Korea for treating inflammation in airways. Aster
tatricus is used in traditional Chinese medicine for the relief of coughs and it possesses diuretic, antitumor, antibacterial, antiviral and anti-ulcer activities (Morita et al., 1996; Shao et al.,
1997; Shirota et al., 1997). Pinellia ternate, Platicodon grandiflorum and Tussilage farfara
possess anti-tumor and anti-bacterial properties (Cho, 2010., Chen et al., 2003., Franz, 1969,
Kim et al., 2006). Asarum sieboldii is reported to contain anti-allergic compounds (Hashimoto et al., 1994). The shoot and roots of various species of Acanthopanax (Araliaceae) have
long been used as traditional medicine for many ailments, including diabetes, neuralgia, palsy, gastric ulcer, learning-behavior difficulties, and cancer in China, Korea, and Japan (Han
et al., 1998; Yook et al., 1996; Fujikawa et al., 1996, Jeong et al., 2007). These plants are
used when exhaling air from the lungs becomes difficult, which causes the wheezing and
coughing that is associated with asthma. The most common method of taking these herbs is
as a water decoction to strengthen the immune system and/or reduce the severity of an asthma attack (Wang, 2001; Ding, 2000). Based on traditional practice, in this study hot water
extracts are used for testing the bioactivities of these plants. Generally the hot water extracts
consist of polysaccharides, proteins and amino acids, minerals, sugars, phenolics, flavonoids
and other water soluble organic compounds. The endo-polysaccharides are obtained by the
precipitation of hot water extracts with ethanol and predominantly contain sugars, with small
amounts of protein. The purpose of this study is to systematically evaluate the modulation of
cytokine production and complement activity of the hot water extracts and isolate endo-
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polysaccharides from the hot water extracts of seven traditional medicinal plants used for the
treatment of inflammation in airways and asthma.
Materials and methods
Plant materials
Aster tataricus L. (Bacteriaceae), Pinellia ternata Breit. (Araceae), Ostericum koreanum Kitagawa. (Umbelliferae), Platicodon grandiflorum A. DC. (Campanulaceae), Asarum
sieboldii Miquel var. (Aristolochiaceae), Tussilage farfara L. (Asteraceae), and Acanthopanax sessiliflorus Rupr. & Maxim. (Araliaceae) were purchased from local herb and drug
markets in South Korea. These plants are grown in Korea, China and other parts of Asia.
Reagents and chemicals
Ficoll-plaque was purchased from Pharmacia Biotech AMRAD (Uppsala, Sweden)
and foetal bovine serum (FBS) from Hyclone (Logan, UTAH, USA), Roswell Park Memorial
Institute-1640 (RPMI-1640) medium containing 25 mM HEPES, phosphate buffered saline
(PBS) and gentamycin were from Thermo Electron (Melbourne, Australia). Phytohaemagglutinin-L (PHA), HEPES, Hank’s balanced salts solution (HBSS), Triton X-100, 20 were
from Sigma (St Louis, Missouri, USA). Dulbecco’s modified Eagle’s medium (DMEM), penicillin-streptomycin and Amphotericin B were from GIBCO BRL (USA). Dialysis tubing
(MW cut-off; 6,000-8,000 Da) was from Spectrum Laboratories, Inc. (USA). All other chemicals were of A.R. grade. ELISA kits for IL-2, IL-4, IL-5 and IFN-γ were from R&D systems, Minneapolis (USA). Tetramethylbenzidine (TMB) solution was from KPL (Gaithersburg, Maryland, USA). Goat anti-human C3 was purchased from Sigma Co., and IgM hemolysin sensitized sheep erythrocyte (EA) from Lyophilization Laboratory Inc. (Japan). 5.5’Barbituric acid sodium salt was purchased from Merk Co. The other chemicals were reagent
grade and obtained from commercial sources. Normal human serum (NHS) was obtained
from healthy adults with their informed consent.
Preparation of hot water extracts (HWE) and endo-polysaccharide (ENP)
The preparation and isolation of HWEs and ENPs from the plants was as described
previously (Jeong, et al., 2006) and is summarised in Figure 1. The dried herb (50 g) was cut
into the small pieces and autoclaved for 2 h with 10 times its volume of water. The yield of
each HWEs and ENPs is shown in Table 1.
Peripheral blood mononuclear cell isolation, culture and treatment
To assess the effects of the extracts on cytokine production, human peripheral blood
mononuclear cells (PBMCs) from healthy adult donors were purified from anticoagulated
blood by discontinuous density gradient centrifugation with Ficoll-Paque. The PBMCs were
plated onto 24 well plates at 1 x106 cells/ml in RPMI-1640 supplemented with 5% heat-inactivated FBS, 25 mM HEPES, 2mM L-glutamine and gentamycin at 20 µg/ml. PBMC cultures
were left untreated or treated in triplicate with extracts from the plants at 500 µg/ml. They
were also activated with PHA at 1µg/ml, or left unstimulated and cultured in a humidified 5%
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Figure 1. Schematic diagram for the processing of hot water extracts (HWEs) and endo-polysaccharides (ENPs)
from medicinal plants.

CO2 in air atmosphere at 370 C. After 44 h incubation the cultures were harvested and stored
at -80oC prior to the determination of their cytokine content.
Measurement of PBMC cytokine production
PBMC prodcution of IFN-γ, IL-2, IL-4 and IL-5 in the cell cultures was assessed by
ELISA using commercial kits specific for each of the cytokines and following the protocols
provided by the manufacturer.
Assay for complement activity
The effect of the extracts on complement activity was measured by the complement
fixation test which is based on complement consumption by test samples and degree of red
blood cell lysis by the residual complement (Kabat and Mayer, 1964). Fifty µl of extract solution in water was mixed with equal volumes of normal human serum (NHS) and GVB (gelatin veronal buffered saline, pH 7.4) containing 500 g Mg++ and 150 g Ca++. The mixtures
were incubated at 37 0C for 30 min and the residual total complement hemolysis (TCH50) was
determined by addi-ng IgM hemolysin sensitized sheep erythrocytes at 1108 cells/ml. The
NHS was incubated with deionized water (DIW) and GVB++ to provide a control. The LPS
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was used as positive control. The effect of the extracts on complement activity was expressed
as the percentage inhibition of the TCH50 of control (Jeong, et al., 2004).
Data analysis
Average results for cytokine release or anti-complement activity were determined from triplicate cultures/wells. Mean cytokine release data was determined from the averaged
results for each treatment from all the blood donors. Any treatment-induced differences were
analysed to determine if they were statistically significant using Duncan’s multiple-range
test. Significance was defined as p<0.05.
Results
The yields of hot water extracts and endo-polysaccharides varied widely for the samples and the results are presented in Table 1. The yield of the water extracts was in the range
of 91.85–225.67 mg/10g whereas the endo-polysaccharides lie in the range 17.31 to 78.98
mg/10g .
Effects of HWE and ENP of medicinal plants on production of inflammatory cytokines by
human PBMC
The effects of HWE on cytokine production by activated human T lymphocytes are
shown in Figure 2. We have examined the in vitro effects of HWE on the secretion of Th1 and
Table 1. List of medicinal herbs used in this study and their yields in hot water extracts and endo-polysacchari-des.
mg / 10g of dried plant
Plant name
(Family)

Medicinal uses

Plant part used

Hot water
extracts
(HWEs)

Endopolysaccharides
(ENPs)

Aster tataricus L.
(Bacteriaceae)

Antitumor, antibacterial, antiviral and
anti-ulcer activities
(Morita et al.,1996)

Root

91.85

18.18

Pinellia ternata Breit.
(Araceae)

Anti-tumor (Cho, 2010), antimicrobial
and anti-inflammatory (Chen., et al.,
2003)

Stem

135.21

33.80

Ostericum koreanum Kitagawa
(Umbelliferae)

Anti-allergic (Lung et al., 2011),
Anti-tumor (Kang et al., 2009)

Root

82.23

27.95

Platicodon grandiflorum A. DC.
(Campanulaceae)

Anti-cancer (Huang et al., 2008)

Root

178.61

33.93

Asarum sieboldii Miquel var.
(Aristolochiaceae)

Anti-allergic (Hashimoto., et.al.,1994)

Root

64.13

17.31

Tussilage farfara L.
(Asteraceae)

Anti-tumor (Franz, 1969), antimicrobial and antioxidant (Kim et al.,
2006)

Flower

225.67

78.98

Acanthopanax sessiliflorus Rupr.
& Maxim. (Araliaceae)

Diabetes, neuralgia, palsy, gastric
ulcer, learning-behavior difficulties,
and cancer (Fujikawa et al., 1996),
anti-complement activity (Jeong et al.,
2007).

Bark

155.39

23.13
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Figure 2. The effects of hot water extracts (HWEs) extracted from medicinal plants on cytokine secretion by
PHA-activated human PBMC. Data shown are mean ± S.D., expressed as a percentage of PHA control. UT:
untreated; PHA: Phytohemaglutinin; S1: Aster tataricus; S2: Pinellia ternata; S3: Ostericum Koreamum; S4:
Platycodon grandiflorum; S5: Asarum sieboldii; S6: Tussilage farfara; S7: Acanthopanax sessiliflorus. *Significant difference from control (PHA treated group), n=3, P<0.05.

and Th2 cytokines by human PBMC following activation with the T-lymphocyte mitogen
PHA (Barrett, 1988). Detectable IL-2, IFN- and IL-5 were produced by the PHA-stimulated
PBMC from all 3 donors. IL-4 production was detectable in PBMC from 2 of the 3 donors
(Figure 2).
Many of the HWEs affected the production of Th1 (IFN-γ and IL-2) and Th2 (IL-4
and IL-5) cytokines by PHA-stimulated PBMC. The HWEs from A. tataricus (S1), O. koreanum (S3), P. grandiflorum (S4), A. sieboldii (S5), T. farfara (S6), and A. sessiliflorus (S7)
inhibited the production of IFN-γ and IL-5 by >90% and P. ternata (S2) by ~80% (Figure 2A
& D). The HWEs of P. grandiflorum (S4) and A. sessiliflorus (S7) also inhibited IL-2 production to a similar extent (>90% inhibition) but the HWEs from the other plants were less effective, inhibiting production by 50-70% (Figure 2B). Clear trends were observed for inhibition
of IL-4 production with the HWEs of P. ternata (S2) and A. sessiliflorus (S7) and those from
A. tataricus (S1) increased IL-4 production compared to the PHA control (Figure 2C).
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Figure 3. The effects of endo-polysaccharides (ENPs) extracted from medicinal plants on cytokine secretion by
PHA-activated human PBMC. Data shown are mean ± S.D., expressed as a percentage of PHA control. UT:
untreated; PHA: Phytohemaglutinin; S1: Aster tataricus; S2: Pinellia ternata; S3: Ostericum Koreamum; S4:
Platycodon grandiflorum; S5: Asarum sieboldii; S6: Tussilage farfara; S7: Acanthopanax sessiliflorus *Significant difference from control (PHA treated group), n=3, P<0.05.

The effects of ENPs extracted from the same medicinal plants on cytokine production
by activated T lymphocytes are presented in Figure 3. Production of the Th1 cytokine IFN-γ
was decreased by all ENP and the inhibition was >70% in the presence of A. tataricus (S1),
P. grandiflorum (S4), A. sieboldii (S5), T. farfara (S6), and A. sessiliflorus (S7) ENPs. The
production of IL-2 was not significantly affected by O. koreamum (S3) and T. farfara (S6)
but it was reduced by >50% by the S1, S2, S5 and S7 ENPs.
Treatment with ENPs from P. ternata (S2), P. grandiflorum (S4), A. sieboldii (S5), T.
farfara (S6) and A. sessiliflorus (S7) reduced production of the Th2 cytokine IL-5 by the
PHA-stimulated PBMC by 50% or more. Only the O. koreamum (S3) ENPs had no significant effect. In contrast, clear trends towards increased levels of IL-4 were observed in A. tataricus (S1) and T. farfara (S6) treated samples and only in P. ternata (S2) treated samples
were IL-4 levels reduced.
Effects of HWEs and ENPs of medicinal plants on complement activity
Anti-complementary activity is an immunomodulating activity that is responsible for
immunological defence. The complement system plays an important role in host defence against foreign invasive organisms such as bacteria, fungi and viruses (Yamagishi, et al., 2003).
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Figure 4. Anti-complementary activities of hot water extracts (HWEs) obtained from seven kinds of medicinal
plants. LPS: positive control (lipopolysaccharide from Escherichia coli 0127: B8). S1: Aster tataricus; S2:
Pinellia ternata; S3: Ostericum Koreamum; S4: Platycodon grandiflorum; S5: Asarum sieboldii; S6: Tussilage
farfara; S7: Acanthopanax sessiliflorus

The extract of plants was investigated for complement activation through the inhibition of
total complement haemolysis (ITCH50 %). We also studied the effects of HWEs and ENPs isolated from these seven medicinal plants on complement activity. The effects of the extracts
were studied at two concentrations (100 and 1000 µg/ml) and the results are presented in
Figures 4 and 5. The effects of the HWEs on complement activity were concentration-dependent. For all the HWEs except that from P. grandiflorum (S4), the ITCH50 value at this concentration was higher than the positive (LPS) control sample. The HWEs at the lower concentration (100µg/ml) mostly promoted complement activity as well. Only three either had no
effect (O. koreamum: S3), or were slightly lower (A. sieboldii: S5; A. sessiliflorus: S7) than
the LPS control at the same concentration.
Complement activity was increased by treatment with A. sieboldii (S5), T. farfara
(S6) and A. sessiliflorus (S7) ENPs at the higher concentration (1000µg/ml). Other treatments had lower activities, especially in the case of A. tartaricus (S1), O. koreamum (S3) and P.
grandiflorum (S4) as shown in Figure 5.
Discussion
Medicinal plants play a major role in the lives of many people throughout the world,
and their use in western countries has increased significantly in recent years. Aster tataricus
(S1), Pinellia ternata (S2), Ostericum koreanum (S3), Platicodon grandiflorum (S4), Asarum
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Figure 5. Anti-complementary activities of endo-polysaccharides (ENPs) extracted from seven kinds of medicinal plants. LPS: positive control (lipopolysaccharide from Escherichia coli 0127: B8). S1: Aster tataricus; S2:
Pinellia ternata; S3: Ostericum Koreamum; S4: Platycodon grandiflorum; S5: Asarum sieboldii; S6: Tussilage
farfara; S7: Acanthopanax sessiliflorus

sieboldii (S5), Tussilage farfara (S6), and Acanthopanax sessiliflorus (S7) are widely used
traditional medicines for treating asthma. This study provides evidence that HWEs and ENPs
extracted from plants S1-S7 have immunomodulatory activities in vitro. The HWEs from the
plants inhibited cytokine production more than their corresponding ENPs. This is especially
so for the Th1 cytokine IFN-γ and the Th2 cytokine IL-5. The HWEs consist of ENPs and
other highly polar water soluble compounds. The HWEs of A. sessiliflorus (S7) virtually eliminated all PBMC cytokine production.
The HWEs at the same concentration generally increased complement activity also.
Only the HWEs and ENPs of P. grandiflorum (S4) showed lower complement activity at all
concentrations tested.
The effects of these plant extracts on the production of Th1 and Th2 cytokines by
PBMC were studied because of the putative roles of these cytokines in health and disease.
The Th1 cytokine IFN- negatively regulates IL-4 and IL-5 production (Romagnani, et al.,
1989; Maggi, et al., 1992; Finkelman, et al., 1988). Thus they can prevent the IL-4 dependent
switch of B-lymphocytes to IgE production that underlies allergic reactions, as well as IL-5induced maturation, recruitment and activation of eosinophils (Nakajima, et al., 1993). Eosinophilic inflammation is a characteristic feature of asthma and is thought to result from an
imbalance in the level of these Th1 and Th2 cytokines.
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In this study, we attempted to evaluate the effects of HWEs and ENPs of medicinal
plants on the total complement system. The HWEs of all samples except P. grandiflorum
(S4) clearly exhibited anti-complement activity when used at a high concentration. The ENPs
of A. sieboldii (S5), T. farfara (S6) and A. sessiliflorus (S7) also contained significant anticomplement activity. This pattern of complement inhibition by extracts from plants was similar to that of various polymeric substances of Angelica acutiloba (Yamada, et al., 1984; Kiyohara, et al., 1989), Arttemisia princeps (Yamada, et al., 1985), Alcaligenes faecalis (Honda,
et al., 1986) and Azadirachta indica (Van der Nat, et al., 1989).
The findings of the present study identify possible ways in which the water extracts of
many of these plants may have some beneficial anti-inflammatory effects for the treatment of
asthma. However further in vitro and in vivo pharmacological studies are required to establish this. Our current research is focussed on the isolation and structure elucidation of the
active compounds from the HWEs, together with a detailed analysis of the modulation of cytokines and complement activity.
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