
INTRODUCTION

Bronchitis and chronic obstructive pulmonary disease 
(COPD) are airway inflammatory diseases, which may be 
treated with several classes of antibiotics and anti-inflamma-
tory agents. Clinically, drugs such as bronchodilators, antitus-
sives, steroids and expectorants are used. In COPD, alveolar 
cell walls are destroyed mainly by long-term continual inflam-
mation triggered, for example by smoking. The irreversible 
damage to alveolar sacs eventually diminishes the pulmonary 
gas exchange rate, which leads to frequent bouts of infection 
by pathogenic bacteria and viruses producing cough and spu-
tum. These symptoms further exacerbate disease progression 
in COPD. The etiology of COPD is very complex (Al-Kassini 

and Alhamad, 2013). Continual inflammatory insults lead to 
the generation of proinflammatory cytokines/chemokines by 
lung epithelial cells, alveolar macrophages, and recruited neu-
trophils and macrophages. Nitric oxide (NO) and O2 radicals 
trigger oxidative stress. Matrix metalloproteinases such as 
elastase abrogate the elasticity and integrity of the alveolar 
sacs, resulting in dyspnea (Jeffery, 2001; Barnes, 2014). De-
spite the discovery of pathological factors, the key pathologi-
cal mechanisms remain unknown, which explains the lack of 
effective treatment. Treatment with anti-TNF-α antibody and 
TNF receptor antagonists has not resulted in favorable out-
comes in COPD (Dentener et al., 2008; Aaron et al., 2013). 
Phosphodiesterase 4 inhibitors showed only limited success 
(Reid and Pham, 2012). The need for new therapeutic agents 
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Investigations into the development of new therapeutic agents for lung inflammatory disorders have led to the discovery of plant-
based alternatives. The rhizomes of Anemarrhena asphodeloides have a long history of use against lung inflammatory disorders 
in traditional herbal medicine. However, the therapeutic potential of this plant material in animal models of lung inflammation has 
yet to be evaluated. In the present study, we prepared the alcoholic extract and derived the saponin-enriched fraction from the 
rhizomes of A. asphodeloides and isolated timosaponin A-III, a major constituent. Lung inflammation was induced by intranasal 
administration of lipopolysaccharide (LPS) to mice, representing an animal model of acute lung injury (ALI). The alcoholic extract 
(50-200 mg/kg) inhibited the development of ALI. Especially, the oral administration of the saponin-enriched fraction (10-50 mg/
kg) potently inhibited the lung inflammatory index. It reduced the total number of inflammatory cells in the bronchoalveolar lavage 
fluid (BALF). Histological changes in alveolar wall thickness and the number of infiltrated cells of the lung tissue also indicated that 
the saponin-enriched fraction strongly inhibited lung inflammation. Most importantly, the oral administration of timosaponin A-III 
at 25-50 mg/kg significantly inhibited the inflammatory markers observed in LPS-induced ALI mice. All these findings, for the first 
time, provide evidence supporting the effectiveness of A. asphodeloides and its major constituent, timosaponin A-III, in alleviating 
lung inflammation.
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in the field of COPD has prompted the investigation of several 
plant-based products worldwide for potential therapeutic ap-
plication (Kim et al., 2017).

The rhizomes of Anemarrhena asphodeloides Bunge (Lilia-
ceae) have been used in Chinese medicine to treat infectious, 
pyretic and inflammatory disorders (Kawasaki and Yamauchi, 
1963; Park et al., 2003). Particularly, this plant material has a 
long history of therapeutic usage in lung inflammatory disor-
ders (Bae, 2000). Many prescriptions containing the rhizomes 
of A. asphodeloides as a major component have been clinical-
ly used in traditional herbal medicine in treating bronchitis to 
reduce septum production and cough. Previously, the anti-al-
lergic action of the rhizomes of A. asphodeloides was demon-
strated in vitro and in vivo (Chai et al., 2013). The inhibitory ac-
tion of the herbal mixture of A. asphodeloides and Coptis chin 
against the mouse colitis model was demonstrated (Jeong et 
al., 2014). Major constituents are terpenoid saponins. Many 
compounds were isolated from A. asphodeloides, and structur-
ally identified including mangiferin, timosaponins and (-)-nya-
sol (cis-hinokiresinol) (Lee et al., 1995; Kim et al., 2006; Bae 
et al., 2007). Mangiferin was found to inhibit the production of 
prostaglandin E2 and leukotriene B4 from J774 cells (Garrido 
et al., 2006) and this compound also showed anti-allergic ef-
fects including inhibition of IgE production, histamine release 
and lymphocyte proliferation (Rivera et al., 2006). In addition, 
timosaponin B-II was reported to inhibit lipopolysaccharide 
(LPS)-induced acute lung inflammation (Zhang et al., 2015). 
However, the therapeutic effects of the rhizomes derived from 
A. asphodeloides, the saponin-enriched fraction and its major 
saponin, timosaponin A-III, in animal models of lung inflam-
mation have yet to be demonstrated. Thus, the present study 
was designed to investigate the therapeutic potential of these 
compounds against lung inflammation and to provide the sci-
entific rationale for their use in herbal medicine.

MATERIALS AND METHODS

Chemicals
Dexamethasone, IL-1β and LPS (Escherichia coli 0127:B8) 

were purchased from Sigma-Aldrich (St. Louis, MO, USA). 
Protein assay kit was purchased from Bio-Rad Lab. (Hercules, 
CA, USA). Antibodies against mitogen-activated protein kinas-
es (MAPKs), signal transducer and activator of transcription 3 
(STAT3), phospho-STAT3 (Tyr705), phospho-STAT3 (Ser727) 

and several transcription factors were purchased from Cell 
Signaling Technologies (Danvers, MA, USA). β-Actin antibody 
was purchased from Bethyl Laboratories, Inc (Montgomery, 
TX, USA). Lamin B1 antibody was purchased from Bioworld 
technology, Inc (Minneapolis, MN, USA). 

Animals 
Male ICR mice (male, 18-22 g, specific pathogen-free) were 

obtained from Orient Co (Seongnam, Korea). The animals 
were maintained in animal facility (Kangwon National Univer-
sity) at 20-22°C under 40-60% relative humidity and a 12 h/12 
h (light/dark) cycle for at least 7 days prior to the experiment. 
The experimental design using the animals was approved by 
the local committee for animal experimentation, Kangwon Na-
tional University (KW-160701-1). In addition, the ethical guide-
line described in the Korean Food and Drug Administration 
guide for the care and use of laboratory animals was followed 
throughout the experiments.

Preparation of 70% methanol extract and the saponin-
enriched fraction of the rhizomes of A. asphodeloides

The dried rhizomes of A. asphodeloides were obtained 
from the local herbal market and were authenticated by one 
of the authors, Dr. Y.S. Kwon (Kangwon National University). 
The specimen was deposited at College of Pharmacy (Kang-
won National University) under the name of KNU-123. The 
dried rhizomes (2 kg) were extracted in 70% methanol (10 L) 
at room temperature for 7 days. After filtration, the extract was 
dried under vacuo to yield 120.1 g of dried material (alcoholic 
extract). To obtain the saponin-enriched fraction, 70% metha-
nol extract (100.0 g) was partitioned in water and n-butanol. 
And n-butanol fraction was obtained by evaporation to yield 
21.8 g (n-butanol fraction, saponin-enriched fraction). 

Isolation of timosaponin A-III 
n-Butanol fraction (21.0 g) was chromatographed on silica 

gel with CHCl3-MeOH-H2O (52:28:8, lower layer) to yield 7 
subfractions. The subfraction 5 was rechromatographed on 
silica gel with CHCl3-MeOH-H2O (7:3:1, lower layer) and the 
isolated compound was recrystallized with MeOH to obtain 
pure timosaponin A-III (608.8 mg). Its chemical structure was 
identified with the comparison of the previous report (Kawa-
saki and Yamauchi, 1963) 
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Fig. 1. Inhibition of LPS-induced ALI in mice by the alcoholic extract of A. asphodeloides. The extract was administered orally and, one 
hour later, LPS was intranasally administered. BALF was obtained 16 h later. From the BALF, total numbers of cells were counted and 
FACS was used to differentially count each cell type. EXT: alcoholic extract of Anemarrhena asphodeloides, DEX: dexamethasone, †p<0.1, 
*p<0.05, significantly different from the LPS-treated control group by ANOVA followed by Dunnett’s analysis (n=7).
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UPLC analysis of the 70% methanol extract and the 
saponin-enriched fraction

Timosaponin A-III was quantitatively analyzed by UPLC. 
Analysis was performed using an equipment ACQuity (Waters, 
Milford, MA, USA) with ELS detector. Aqilent C18 (4.6×150 
mm, 5 μm) column was used as stationary phase. Acetonitrile-
MeOH-H2O (55:35:10) was used as a mobile phase. Column 
temperature was 35°C and the flow rate was 0.5 ml/min.

LPS-induced lung inflammation in mice 
For measuring in vivo therapeutic effects, LPS-induced 

acute lung injury (ALI), a mouse model of airway inflammation, 
was used (Lim et al., 2013). The test compounds, including 
the reference drug, were dissolved in 0.3% carboxymethylcel-
lulose (CMC) and were orally administered to mice at the in-
dicated doses (n=10). The control and LPS treatment groups 
also received the same amount of CMC solution. For inducing 
bronchitis, LPS (E. coli 0127:B8, 2 mg/kg, PBS) was admin-
istered intranasally to mice (10 μl/mouse, 5 times) at 1 h after 
oral treatment with the test compounds according to the previ-
ously published procedures (Lim et al., 2013). At 16 h after 
LPS treatment, mice were sacrificed (n=7), and bronchoalveo-
lar lavage fluid (BALF) was collected via intratracheal cannu-
lation. In the BALF, the total cell number was counted with a 
haemocytometer, and the cells were differentially counted with 
fluorescence-activated cell sorter (FACS, BD Biosciences, 
San Jose, CA, USA). For FACS analysis, cells were stained 
with following antibodies; allophycocyanin (APC) conjugated 
anti-Ly-6C (BD Bioscience), allophycocyanin-Cy7 (APC-Cy7) 
conjugated anti-CD11c (BD Bioscience), fluorescein isothiocy-
anate (FITC) conjugated anti-CD11b (BD Bioscience), phyco-
erythrin (PE) conjugated anti-F4/80 (eBioscience, San Diego, 
CA, USA), phycoerythrin–Cy7 (PE-Cy7) conjugated anti-Ly-

6G (BD Bioscience). After incubation with antibody, cells were 
washed with 2% FBS RPMI media (Thermo Fisher Scientif-
ic, Waltham, MA, USA). Cell pellets were resuspended and 
analyzed. CD11b, Ly-6C and Ly-6G are essential markers of 
neutrophils. CD11c and F4/80 are markers of macrophages. 
For the histological analysis, the remaining mice (n=3) were 
sacrificed and lung tissues were excised. Histological exami-
nation was carried out using the conventional methods of H&E 
staining. ImageJ (National Institutes of Health, Bethesda, MD, 
USA) was used to measure the thickness of alveolar wall area.

Determination of proinflammatory cytokine concentrations 
in the BALF

LPS and timosaponin A-III were administered to mice as 
described above. Six hours later, mice were sacrificed (n=3) 
and BALF was obtained. From the BALF, the concentrations 
of IL-1β and IL-6 were determined with ELISA kit (BD Biosci-
ence).

Action mechanism study of timosaponin A-III
For measuring the levels of MAPKs and STAT3 activation, 

timosaponin A-III was administered orally and, one hour later, 
LPS was intranasally administered in mice (n=3). After 2 h, 
mice were sacrificed and the lung tissues were excised. After 
separated the lobe of the lungs, about 20 mg of tissues in 
400 μl of Pro-prep solution (iNtRON Biotechnology, Seong-
nam, Korea) containing 1 mM phenylmethanesulfonyl fluoride 
(PMSF), 1 mM sodium fluoride (NaF) and 1 mM sodium or-
thovanadate were homogenized, and centrifuged at 12,000 
rpm for 10 min at 4°C. The supernatant was quantified and 
electrophoresis was performed in 10% sodium dodecyl sulfate 
polyacrylamide gels. On the other hand, for measuring the ac-
tivation levels of transcription factors, about 50 mg of the re-
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Fig. 2. Inhibition of LPS-induced ALI in mice by the n-butanol fraction of A. asphodeloides. The fraction was administered orally and, one 
hour later, LPS was intranasally administered. BALF was obtained 16 h later. (A) Effect on cell numbers, From the BALF, total numbers of 
cells were counted and FACS was used to differentially count each cell type. †p<0.1, *p<0.05, **p<0.01, significantly different from the LPS-
treated control group by ANOVA followed by Dunnett’s analysis (n=7). (B) Histological observation, From the excised lungs, H&E staining 
gave histology. X100. Bar (100 μm). (C) Measurement of alveolar wall area, BUT: n-butanol fraction, DEX: dexamethasone.
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maining tissue were homogenized in 400 μl of buffer A (10 mM 
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES), 
pH 7.9, 10 mM KCl, 0.1 mM ethylenediaminetetraacetic acid 
(EDTA), 1 mM 1,4-dithiothreitol (DTT), 0.5 mM phenylmethyl-
sulfonyl fluoride (PMSF), 1 mM sodium fluoride (NaF), 1 mM 
sodium orthovanadate) and added 25 μl of 10% NP-40, the 
solution was vortexed and centrifuged at 5,000 rpm for 2 min 
at 4°C. And the nuclear pellet was vigorously vortexed in buf-
fer B (20 mM HEPES, pH 7.9, 0.4 M NaCl, 1 mM EDTA, 1 
mM DTT, 1 mM PMSF, 1 mM sodium fluoride (NaF), 1 mM 
sodium orthovanadate) and centrifuged at 13,000 rpm for 10 
min at 4°C. After the supernatant was quantified and electro-
phoresis was performed, transferred to polyvinylidene difluo-
ride (PVDF) membranes. The transferred PVDF membranes 
were blocked with 5% skim milk for 1 h at room temperature 
and incubated with primary antibodies diluted 1:1000 in 5% 
skim milk overnight at 4°C. After membranes were incubated 
with secondary antibodies diluted 1:5000 in 5% skim milk for 
1 h at room temperature. The bound antibodies were detected 
by enhanced chemiluminescence (West Femto Luminol/En-
hancer solution, Thermo Scientific, Rockford, IL, USA).

Statistical analysis 
Experimental values were represented as arithmetic mean 

± SD. One way ANOVA followed by Dunnett’s test was used to 
determine the statistical significance. 

RESULTS

Effects of A. asphodeloides on LPS-induced lung 
inflammation in mice

LPS treatment of mice induced lung inflammation. In the 
BALF, the total cell numbers increased approximately 4.5-fold. 
Oral administration of the alcoholic extract (50-200 mg/kg) in 
this animal model inhibited inflammatory response (Fig. 1). At 
200 mg/kg, the alcoholic extract reduced the total number of 
cells in the BALF by 88.0%. To concentrate the active constitu-
ents, the saponin-enriched fraction was prepared by n-butanol 
fractionation. This fraction (10-50 mg/kg) showed much higher 
inhibitory action on lung inflammation than the alcoholic ex-
tract (Fig. 2). At 50 mg/kg, the saponin-enriched fraction inhib-
ited cell recruitment in the BALF by 67.5%. The reduction of 
the inflammatory cell recruitment was also revealed by FACS 
analysis. Histological observations also showed that the frac-
tion reduced inflammatory responses in the lung tissues. 

Dexamethasone (30 mg/kg) as a reference agent strongly in-
hibited these inflammatory parameters as expected. 

UPLC profile of A. asphodeloides and analysis of 
timosaponin A-III 

Based on the above findings, timosaponin A-III (Fig. 3A) 
was successfully isolated as a major constituent in the sapo-
nin-enriched fraction. UPLC analysis was used to measure 
the concentration of timosaponin A-III. As shown in Fig. 3B, 
timosaponin A-III constituted 12.2 mg/g extract and 40.0 mg/g 
fraction of the 70% methanol extracts and n-butanol fraction, 
respectively.

Effects of timosaponin A-III on LPS-induced lung 
inflammation in mice

Timosaponin A-III was orally administered to ALI mice. At a 
dose of 25-50 mg/kg, this compound significantly inhibited all 
the inflammatory markers investigated (Fig. 4). At 50 mg/kg, 
timosaponin A-III reduced the total number of cells recruited in 
BALF by 64.6%. The compound at a concentration of 50 mg/
kg reduced inflammatory cell infiltration, neutrophil infiltration 
by 50.4% and macrophages by 84.6%. Timosaponin A-III also 
reduced proinflammatory cytokine production in the BALF, es-
pecially IL-6 production at 50 mg/kg. There was no significant 
reduction of TNF-α level by the treatment of timosaponin A-III 
(data not shown). Moreover, histological analysis of the lung 
tissues demonstrated substantial attenuation of inflammatory 
response: alveolar wall thickness and infiltration of inflamma-
tory cells. When the action mechanism study was carried out 
using Western blotting analysis, timosaponin A-III did not affect 
the activation levels of MAPK including extracellular signal-reg-
ulated kinase (ERK), p38 MAPK and c-Jun N-terminal kinase 
(JNK), nuclear transcription factor-κB (NF-κB) and activator 
protein-1 (AP-1), which are important signaling molecules in 
this lung inflammatory animal model (Lv et al., 2015). Only 
STAT3 activation was slightly decreased (9.9% and 31.0% at 
25 and 50 mg/kg, respectively), but not statistically significant 
(Fig. 4E). Thus, timosaponin A-III might inhibit lung inflamma-
tory responses at least in part by interrupting STAT3 activation 
pathway. The more detailed action mechanism(s) need to be 
further investigated. All these findings clearly indicated the role 
of this major saponin as one of the active principles in A. as-
phodeloides. 
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Fig. 4. Inhibition of LPS-induced ALI in mice by timosaponin A-III. The compound was administered orally and, one hour later, LPS was intra-
nasally administered. BALF was obtained 16 h later. (A) Effect on cell numbers, From the BALF, total numbers of cells were counted and FACS 
was used to differentially count each cell type (n=7). (B) Effect on cytokine production, For measuring cytokine concentrations in the lung tis-
sue, mice were sacrificed at 6 h after LPS treatment as described in the experimental section. From the excised lungs, cytokine concentrations 
were measured using ELISA (n=3). (C) Histological observation, H&E staining of the lungs gave histology. X100. Bar (100 μm). (D) Measure-
ment of alveolar wall area. For cellular mechanism study, timosaponin A-III was administered and one hour later, LPS was injected intranasally 
to mice (n=3). After two hours, mice were sacrificed and lung tissues were obtained. (E) Western blot, TIMO: timosaponin A-III, DEX: dexa-
methasone, †p<0.1, *p<0.05, **p<0.01, significantly different from the LPS-treated control group by ANOVA followed by Dunnett’s analysis.
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DISCUSSION

The rhizomes of A. asphodeloides have been widely used 
in East Asia for lung diseases (Bae, 2000). This plant mate-
rial is used in numerous prescriptions as a traditional reme-
dy. However, the potential therapeutic properties have never 
been tested in animal model(s) of lung inflammation. Here, 
we have shown for the first time that the rhizomes of A. as-
phodeloides possess considerable inhibitory action against 
LPS-induced ALI in mice, following oral administration. Fur-
thermore, the saponin-enriched fraction was associated with 
much higher activity, suggesting that saponins were the ac-
tive ingredients. Indeed, the major saponin, timosaponin A-III 
exhibited strong inhibitory action in the same animal model, 
demonstrating the therapeutic potential of A. asphodeloides 
rhizomes and their saponins in lung inflammation. The inhibi-
tory potency of timosaponin-AIII was slightly lower than that of 
dexamethasone used as positive reference. However, given 
that this compound is a natural product and dexamethasone 
has serious side-effects in long-term use, the therapeutic po-
tential of timosaponin A-III is significant. 

Timosaponin A-III was previously shown to inhibit colitis in 
a mouse model (Lim et al., 2015). The inhibition was medi-
ated via inhibiting NF-κB and MAPK activation. Timosaponin 
A-III was also found to inhibit passive cutaneous anaphylaxis 
and pruritus (Lee et al., 2010). In addition, timosaponin A-III 
induced autophagy in HeLa cancer cells (Sy et al., 2008). All 
these previous findings indicate that this compound may regu-
late inflammatory and immune responses. The present inves-
tigation has shown that timosaponin A-III possesses strong 
inhibitory action against lung inflammation for the first time. 
This compound reduced proinflammatory cytokine production 
in the lung tissues. But, on the contrary to the previous finding 
(Lim et al., 2015), timosaponin A-III did not affect the activation 
of MAPK, NF-κB and AP-1 pathways. Instead, this compound 
slightly suppressed STAT3 activation, which is one of impor-
tant signaling molecule in this animal model (Severgnini et al., 
2004). 

It is difficult to control COPD clinically. Currently, no thera-
peutic regimen is available to completely cure the disease, 
warranting the need for new agents. Due to the complex etiol-
ogy of COPD and the role of numerous molecule(s) in COPD 
progression and exacerbation, it may not be appropriate to 
develop agent(s) targeting a single pathological pathway. In 
this respect, herbal drugs may be superior because of their 
complex chemical composition and multiple mechanisms of 
action. The inhibitory mechanisms of plant extracts in animal 
models of lung inflammation have been recently summarized 
(Kim et al., 2017). Several plant-derived drugs have been 
used to treat lung inflammatory disorders in Western reme-
dies. For instance, Hedera helix (ivy leaf, Prospan®, Guo et al., 
2006), Echinacea purpurea (Sharma et al., 2006; Agbabiaka 
et al., 2008) and Pelargonium sidoides (Umckamin syrup®, 
Matthys and Funk, 2008) represent major sources of ingredi-
ents in drugs prescribed for bronchitis treatment in Asian and 
European countries. In line with these previous findings, A. 
asphodeloides may be a potential candidate as a new plant-
based therapeutic agent for the management of lung inflam-
matory diseases.

In conclusion, we demonstrated the inhibitory potential of 
A. asphodeloides rhizomes in lung inflammation, for the first 
time. We also showed the effect of its major saponin, timo-

saponin A-III in this study. Combined with previous finding of 
timosaponin B-II, these saponin derivatives may contribute to 
the pharmacological activity of A. asphodeloides. Timosapo-
nin A-III represents a potential new therapeutic agent targeting 
lung inflammation.
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