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Introduction
Inflammation is a complex biological process mediated by 
the activation of inflammatory or immune cells, which is a 
response to infection and antigens[1].  The inflammatory pro-
cess is helpful to eliminate pathogens and to repair damaged 
tissue, which may be one mechanism of protective immunity[2].  
However, superabundant pro-inflammatory cytokines may 
lead to secondary tissue injury, and excessive inflammatory 
responses may accelerate or cause the development of neuro-
degeneration and cancer[3, 4].  Under inflammatory conditions, 
macrophages play a central role in the activation of inflamma-
tory mediators and the overproduction of pro-inflammatory 
cytokines[1, 5].

Lipopolysaccharide (LPS) is a characteristic component of 
the outer membrane of Gram-negative bacteria[6].  During 
Gram-negative bacterial infections, a series of cytokines that 
play important roles in the pathogenesis of anti-cancer, anti-
bacterial, and anti-viral immune responses are synthesized 
and released[7, 8].  LPS can stimulate many types of cells, mac-
rophages and neutrophils, for instance, to release pro-inflam-
matory mediators and cytokines such as interleukin-6 (IL-6), 
tumor necrosis factor-α (TNF-α), inducible nitric oxide syn-
thase (iNOS) and cyclooxygenase-2 (COX-2)[9–11].  Nuclear fac-
tor (NF)-κB signaling and translocation are the key actions in 
inflammatory reactions[12].  In normal cells, NF-κB is located in 
the cytoplasm and complexed with the inhibitory protein IκBa.  
The phosphorylation of IκBα results in its dissociation from 
NF-κB.  With the degradation of IκBα, the NF-κB is released 
from the complex and translocated to the nucleus where it 
can ‘turn on’ the expression of specific genes, which leads to 
the transcription of pro-inflammatory signaling effectors[13].  
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Furthermore, there is considerable evidence that NF-κB can 
increase the expression of iNOS and COX-2.  Many studies 
have demonstrated the downregulation of the NF-κB pathway 
in anti-inflammatory processes[14, 15].  C-Jun N-terminal kinases 
(JNKs) belong to the MAPK family and are responsive to 
stress stimuli induced by LPS[16].  They also play a role in the 
cellular apoptosis pathway and in the activation of inflamma-
tory cytokines through regulating transcription factors[17, 18].

Rhizoma Anemarrhenae is widely used as a traditional 
Chinese herb and is known to have anti-diabetic and diuretic 
effects[19, 20].  We have previously found that a derivative of sar-
sasapogenin, an active ingredient in Rhizoma Anemarrhenae, 
is effective in an animal model of in ameliorating memory 
deficits associated with aging (BMCL, in press).  Moreover, 
the density of muscarinic acetylcholine receptors in the brains 
increased after sarsasapogenin treatment, which might con-
tribute to the nootropic effect[21, 22].  Timosaponin ameliorates 
learning and memory deficits in mice, mainly by inhibiting 
acetylcholinesterase (AChE)[23].  Anemarsaponin B, a steroid 
saponin isolated from Rhizoma Anemarrhenae, was demon-
strated to have anti-inflammatory effects in LPS-stimulated 
RAW264.7 macrophages, and anemarsaponin B significantly 
decreased the levels of iNOS, COX-2 and pro-inflammatory 
cytokines[24].  AA13 is a novel synthetic derivative of sarsasa-
pogenin.  We have previously found that AA13 is the most 
effective sarsasapogenin derivative in LPS-induced inflamma-
tion (unpublished, data not shown).  In this study, we will fur-
ther investigate the anti-inflammatory effects and the possible 
anti-inflammatory mechanisms of AA13.

Materials and methods
Drugs and reagents
3-(4,5-Dimethythiazol-2-yl)-2,5-diphenyl-tetrazolium bro-
mide (MTT) and an electrochemiluminescence (ECL) reagent 
kit were obtained from Sangon Biotech (Shanghai, China).  
Lipopolysaccharide (LPS) was obtained from Sigma-Aldrich 
(St Louis, MO, USA).  Dulbecco’s modified Eagle’s medium 
(DMEM) was purchased from Hyclone (Logan, UT, USA).  
Fetal bovine serum (FBS) was obtained from Gibco (Grand 
Island, NY, USA).  Prostaglandin E2 EIA kits were from Cay-
man Chemicals (Ann Arbor, MI, USA).  Rabbit anti-phospho-
Akt (Ser478) and Akt, rabbit anti-phospho-Erk1/2 (Thr202/
Tyr204) and Erk1/2, rabbit anti-phospho-p38 (Thr180/Thy182) 
and p38, rabbit anti-phospho-JNK (Thr183/Tyr185) and JNK, 
and NF-κB were provided by Cell Signaling Technology (Bos-

ton, MA, USA).  Rabbit anti-phospho-IκB was obtained from 
Abcam Trading (Shanghai) Company Ltd (Pudong, Shanghai, 
China).  Secondary antibodies were purchased from Santa 
Cruz Biotechnology, Inc (Santa Cruz, CA, USA).

AA13 (Figure 1) was provided by Lei MA’s lab at the 
School of Pharmacy, East China University of Science and 
Technology.  The purity of the synthetic AA13 was 98%.  For 
all experiments, AA13 was freshly dissolved in DMSO and 
diluted with the media for cell culture.  AA13 was synthesized 
by the following method: 4-nitrophenyl chloroformate (6 
mmol) was slowly added to a mixture of the sarsasapogenin 
(1.664 g, 4 mmol) and pyridine (0.5 mL) in dichloromethane 
under an argon gas atmosphere at zero temperature.  Then, 
the mixture was stirred at room temperature for four hours.  
The reaction mixture was quenched with water (100 mL), and 
the product was extracted with dichloromethane (3×100 mL).  
Then, the organic phase was dried (sodium sulfate) and con-
centrated.  Column chromatography was used to purify the 
sample.  Consequently, intermediate S (2.19 g) was obtained.  
Intermediate S (58.1 mg, 0.1 mmol) and triethylamine (0.05 
mL) were mixed in dichloromethane under an argon gas 
atmosphere at zero temperature.  Isobutylamine (0.15 mmol) 
was slowly added.  Then, the mixture was stirred at room tem-
perature for three hours.  The reaction mixture was quenched 
with water (30 mL), and the product was extracted with 
dichloromethane (3×30 mL).  Then, the organic phase was 
dried (sodium sulfate) and concentrated.  Column chromatog-
raphy was used to purify the sample.  Then, white solid AA13 
was obtained (purity 98%).  1H NMR (400 MHz, CDCl3) δ 4.99 
(s, 1H), 4.70 (s, 1H), 4.43 (dd, J=14.3, 7.3 Hz, 1H), 3.97 (d, J=10.6 
Hz, 1H), 3.32 (d, J=10.9 Hz, 1H), 3.02 (t, J=6.3 Hz, 2H),1.12–2.12 
(m, 27H), 1.10 (d, J=7.0 Hz, 3H), 1.01 (m, 6H), 0.94 (s, 3H), 0.93 
(s, 3H), 0.78 (s, 3H).  MS (ESI): m/z 516.45 [M+H]+; HRMS (ESI): 
m/z [M+H]+ Calcd for C32H53NO4: 516.1301; Found: 516.1308.

Animals
Male ICR mice (10 weeks old, 30±3 g) were provided by 
Shanghai Sippr-bk Laboratory Animal Co, Ltd (Shanghai, 
China).  The environment was climate-controlled with a 12 h 
light/12 h dark cycle, and water and food were provided.  
The certificate number of the animal breeder was 14 121 496 
of the Shanghai Laboratory Animal Staff.  All experimental 
procedures were performed in accordance with the National 
Institutes of Health Guide for the Care and Use of Laboratory 
Animals in Shanghai, China, and in compliance with the 

Figure 1.  Synthesis of AA13.  Reagents and conditions: (a) 4-Nitrophenyl chloroformate, pyridine, DCM, room temperature.; (b) Isobutylamine, 
triethylamine, DCM, room temperature.
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Agreement of the Ethics Committee on Laboratory Animal 
Care of the East China University of Science and Technology.  

Cell culture 
RAW264.7 cells (Type Culture Collection of the Chinese 
Academy of Sciences, Shanghai, China) were cultured in 
DMEM medium supplemented with 10% FBS and were kept 
at 37 °C in humidified 5% CO2 and 95% air.  Cells were seeded 
in cell culture plates (Jet Bio-Filtration Products Co, Ltd, 
Guangzhou, China) at a density of 1×105/mL before experi-
ments.  The experiments were carried out 24 h after cells were 
seeded.

The ICR mice were sacrificed and doused in 75% alcohol 
for 5 min.  Peritoneal macrophages were harvested by lavag-
ing with chilled RPMI-1640 medium supplemented with 10% 
FBS, penicillin (100 U/mL) and streptomycin (100 U/mL).  
The resident macrophages were washed three times and were 
seeded in 96-well cell culture plates at a density of 1×106/mL.  
After 2 h incubation at 37 °C and an atmosphere of 5% CO2, the 
nonadherent cells were removed by washing with medium.

MTT assay
The mitochondrial-dependent reduction of MTT to formazan 
was used to determine cell viability[25].  RAW264.7 cells were 
seeded in a 96-well plate at a density of 5×105 cell/mL.  After 
24 h, AA13 was added at the indicated concentrations (5, 10, 
15, and 20 μmol/L).  Peritoneal macrophages plated at a den-
sity of 1×106 /well in a 96-well plate, and AA13 was added at 
the indicated concentrations (5, 10, 15, and 20 μmol/L).  Cell 
viability was measured after another 24 h incubation.  Then, 
10 μL of MTT (5 mg/mL) was added to the wells, and the cells 
were incubated for another 4 h at 37 °C.  The supernatants 
were removed carefully, and 100 μL of DMSO was added to 
dissolve the formazan.  The absorbance of each group was 
measured using a Synergy 2 Multi-Mode Microplate Reader 
(BioTek, Winooski, VT, USA) at a wavelength of 490 nm.  The 
untreated cells were considered as 100% of the viable cells, 
and the results are expressed as the percentage of viable cells 
compared with the untreated cells.

Nitrite measurement
RAW264.7 macrophage cells plated at a density of 1×105/well 
in a 96-well plate were treated in serum-free medium for 12 h.  
Cells were pretreated with AA13 (5, 10, 15, and 20 μmol/L) 
for 30 min, followed by LPS (1 μg/mL) stimulation for 24 h 
without removing AA13.  Peritoneal macrophages were plated 
at a density of 1×106/well in a 96-well plate and pretreated 
with AA13 (5, 10, 15, and 20 μmol/L) for 30 min, followed 
by LPS (1 μg/mL) stimulation for 24 h without removing the 
AA13.  Suspended media was collected to measure the nitrite 
concentrations as an indicator of NO production according to 
the Griess reaction[26].

PGE2 and TNF-α measurement
RAW264.7 macrophage cells plated at a density of 1×105/well 
in a 12-well plate were treated in serum-free medium for 12 h.  

Cells were pretreated with AA13 (5, 10, 15, and 20 μmol/L) 
for 30 min, followed by LPS (1 μg/mL) stimulation for 24 h, 
without removing the AA13.  The cell culture supernatants 
were harvested and centrifuged at 5000×g for 10 min.  TNF-α 
and PGE2 levels were measured using the TNF-α and PGE2 
EIA kits according to the manufacturer’s directions.

Western blot analysis for MAPKs, iNOS, COX-2 p-IκB, and NF-κB
After the treatment with LPS (1 μg/mL) in the presence 
or absence of AA13 (5, 10, 15, and 20 μmol/L) for 30 min, 
RAW264.7 cells were washed three times with cold D-Hank’s 
solution (137.93 mmol/L NaCl, 5.33 mmol/L KCl, 4.17 
mmol/L NaHCO3, 0.441 mmol/L KH2PO3, 0.338 mmol/L 
Na2HPO4) and lysed in a cold lysis buffer (50 mmol/L Tris-
HCl, 1.0 mmol/L EDTA, 150 mmol/L NaCl, 0.1% SDS, 1% 
sodium deoxycholate, 1 mmol/L PMSF) containing a cocktail 
of protease inhibitors and phosphatase inhibitors.  The pro-
teins (40 μg) were separated by SDS-PAGE and transferred 
to polyvinylidene fluoride (PVDF) membranes.  The target 
proteins were probed with primary and secondary antibod-
ies, and immunoreactive bands were detected using the 
Tanon5200S Chemiluminescence Imaging System (Tanon, 
Shanghai, China).  Protein bands were quantified by densito-
metric analysis using Image J (version 1.45s, NIH, USA)[27].  

Immunocytochemistry
RAW264.7 macrophage cells plated at a density of 1×104/well 
were treated in serum-free medium for 12 h.  Then, the cells 
were pretreated with AA13 (20 μmol/L) for 30 min, followed 
by LPS stimulation for 1 h.  After a wash with PBS, cells were 
fixed with 4% paraformaldehyde (PFA) solution for 15 min at 
room temperature.  Cells were then washed with PBS again 
and permeabilized with 0.1% Triton-X100 for 30 min at room 
temperature.  After 1 h blocking with 5% BSA at room temper-
ature, the cells were incubated with NF-κB p65 primary anti-
body (1:50 dilutions) at 4 °C overnight.  Alexa Fluor 546 goat 
anti-rabbit IgG (H+L) secondary antibody (Invitrogen, 1:4000) 
was added to the cells and incubated for 2 h at room tempera-
ture after three washes with PBS.  For nuclear staining, a DAPI 
solution was added at a concentration of 0.1 μg/mL and incu-
bated for 10 min in the dark.  The cell images were acquired 
under a confocal microscope (Nikon, A1R, Japan) at 200× 
magnification[28].

NF-κB p65 detection in subcellular compartments
After being cultured in serum-free medium for 12 h, the cells 
were pretreated with AA13 (5, 10, 15, and 20 μmol/L) for 30 
min, followed by LPS (1 μg/mL) stimulation for another 1 h 
without removing AA13.  The treated cells were washed with 
PBS and suspended in lysis buffer A (10 mmol/L HEPES, pH 
7.6; 10 mmol/L KCl, 1 mmol/L dithiothreitol, 0.1 mmol/L 
EDTA and 0.5 mmol/L PMSF) for 10 min on ice.  Cytosolic 
fractions were separated using pipettes after centrifugation at 
12 000×g for 10 min at 4 °C.  The remaining unclear fractions 
were lysed again with lysis buffer B (20 mmol/L HEPES, pH 
7.6; 1 mmol/L EDTA, 1 mmol/L DTT, 0.5 mmol/L PMSF, 25% 
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glycerol and 0.4 mol/L NaCl) and centrifuged at 12 000×g for 
20 min.  As mentioned above, anti-NF-κB p65 (1:1000 dilution) 
primary antibody was used to detect the cytosolic and nuclear 
proteins by western blotting.  GAPDH and PCNA were used 
as internal controls for the cytoplasmic and nuclear frac-
tions[29].

Dimethylbenzene-induced mouse ear edema
Mice were randomly assigned to three groups (n=5), and each 
group of mice was intragastrically (ig) administered sterile 
physiological saline (model groups), antifani (10 mg/kg) 
or AA13 (20 mg/kg) once a day for three days.  Ear edema 
was induced by smearing dimethylbenzene (40 μL/ear) on 
the inner and outer surfaces of the right ear 1 h after the last 
administration of AA13 and antifani.  Ear punches (6 mm 
diameter) were removed from both the right and left ears 
at the same location.  The weight difference of ear punches 
between the right and left ears of the same mouse was 
measured.  For histological analysis, ear tissues were fixed in 
4% paraformaldehyde, dehydrated with sucrose solution, and 
embedded in optimum cutting temperature compound.  Fro-
zen sections (10 mm) were stained with hematoxylin and eosin 
and observed under a Nikon optical microscope.

Statistical analysis
All data were expressed as the mean±SEM.  Commercially 

available SPSS version 15.0 was used to assess the statistical 
significance.  The data analysis was performed using one-way 
analysis of variance (ANOVA) followed by a post hoc (Student-
Newman-Keuls) test for multiple comparisons.  A P value of 
<0.05 was considered significant.

Results
AA13 inhibited NO production in LPS-stimulated RAW264.7 cells 
and peritoneal macrophages
The MTT assay showed that AA13 did not exhibit cytotoxic-
ity toward RAW264.7 cells at the concentrations of 5, 10, 15, 
and 20 μmol/L (Figure 2A).  To investigate whether AA13 
could affect LPS-induced NO production, RAW246.7 cells 
were pretreated with AA13 (5, 10, 15, and 20 μmol/L) for 30 
min, followed by LPS (1 μg/mL) stimulation for 24 h without 
removing AA13.  As shown in Figure 2B, AA13 at concen-
trations of 20, 15, and 10 μmol/L significantly reduced the 
production of NO in RAW264.7 cells in a dose-dependent 
manner.  To verify these findings, peritoneal macrophages 
were pretreated with AA13 for 30 min, followed by LPS (1 
mg/mL) stimulation for 24 h without removing the AA13.  
As shown in Figure 2C and Figure 2D, AA13 did not exhibit 
cytotoxicity toward peritoneal macrophages and could inhibit 
the NO production induced by LPS, which corresponded to 
experiments with RAW264.7 cells.  The treatment of LPS and 
LPS plus AA13 had no cytotoxicity in cells that were used in 

Figure 2.  AA13 inhibited NO production in LPS-stimulated RAW264.7 cells and peritoneal macrophages.  RAW264.7 (A) cells and peritoneal 
macrophages (C) were treated with AA13 for 24 h.  Cell viability was determined by MTT assay.  Cells were pretreated with AA13 for 30 min, followed by 
LPS (1 μg/mL) stimulation for 24 h.  The NO production of RAW264.7 cells (B) and peritoneal macrophages (D) was measured by NO assay kit.  n=3 for 
each group.  Mean±SEM.  **P<0.01 vs control group.  #P<0.05, ##P<0.01 vs LPS-stimulated group.
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the experiment (data not shown).

The effect of AA13 on pro-inflammatory cytokine production in 
LPS-stimulated RAW264.7 cells
To determine the effects of AA13 on the production of pro-
inflammatory cytokines, RAW264.7 cells were pretreated with 
AA13 for 30 min, followed by LPS (1 μg/mL) stimulation for 
24 h without removing the AA13.  TNF-α and MCP-1 levels in 
the medium were measured by ELISA.  As shown in Figure 3, 
LPS stimulation markedly increased the levels of TNF-α and 
MCP-1.  Pretreatment with AA13 at 20 and 15 μmol/L signifi-
cantly inhibited the increase of TNF-α, but had no effect on the 
levels of MCP-1.

AA13 inhibited LPS-stimulated PGE2 production in RAW264.7 
cells
Studies have found that the extracts of Anemarrhenae asphode-
loides inhibited LPS-stimulated PGE2 production in microg-
lia[30].  To determine the effects of AA13 on the production 
of PGE2, RAW264.7 cells were pretreated with AA13 for 30 
min, followed by LPS (1 μg/mL) stimulation for 24 h without 
removing the AA13.  PGE2 level in the medium was measured 
by ELISA.  As is shown in Figure 4, LPS stimulation markedly 
increased the level of PGE2, and AA13 inhibited the produc-
tion of PGE2 in a dose-dependent manner.

The inhibition effect of AA13 on LPS-stimulated COX-2 and iNOS 
in RAW264.7 cells
To investigate whether the inhibitory effects of AA13 on NO, 
TNF-α and PGE2 production are related to the regulation of 
the expression of COX-2 and iNOS, RAW264.7 cells were pre-
treated with AA13 for 30 min and then stimulated with LPS 
(1 μg/mL) for 1 h without removing the AA13.  As shown 
in Figure 5, the levels of COX-2 and iNOS, determined by 
Western blot analysis, were significantly increased when the 
macrophages were treated with only LPS.  The pretreatment 
of cells with AA13 at 20 and 15 μmol/L significantly reduced 
the levels of COX-2 and iNOS proteins in a dose-dependent  
manner.  

Effect of AA13 on the LPS-stimulated MAPK pathway in 
RAW264.7 cells
To confirm whether AA13 affects the activation of the MAPK 
signal pathway, RAW264.7 cells were pretreated with AA13 
for 30 min, followed by LPS (1 μg/mL) stimulation for 1 h 
without removing AA13.  The activation of MAPKs in cells 
was determined by Western blot.  As shown in Figure 6, AA13 
inhibited the LPS-stimulated phosphorylation of p38 and JNK 
at the concentrations of 15 and 20 μmol/L, but had no effect 
on ERK.  

Effect of AA13 on LPS-stimulated NF-κB p65 translocation in 
RAW264.7 cells
To investigate the effect of AA13 on NF-κB p65 translocation, 
RAW264.7 cells were pretreated with AA13 for 30 min, fol-
lowed by LPS (1 μg/mL) stimulation for 1 h without removing 
the AA13; the translocation of the p65 subunit of NF-κB was 
determined by immunochemistry.  As shown in Figure 7, 
AA13 inhibited the LPS-induced transcriptional activation of 

Figure 3.  The effect of AA13 on pro-inflammatory cytokines production in LPS-stimulated RAW264.7 cells. RAW264.7 macrophage cells were 
pretreated with AA13 for 30 min, followed by LPS (1 μg/mL) stimulation for 24 h.  TNF-α (A) and MCP-1 (B) level in the medium was measured by ELISA.  
Mean±SEM.  n=3 independent experiments.  **P<0.01 vs control group.  #P<0.05, ##P<0.01 vs LPS-stimulated group.

Figure 4.  AA13 inhibited LPS-stimulated PGE2 production in RAW264.7 
cells (n=3 for each group).  Cells were pretreated with AA13 for 30 min, 
followed by LPS (1 μg/mL) stimulation for 24 h.  PGE2 level in the medium 
was measured by ELISA.  Mean±SEM.  n=3 independent experiments.  
**P<0.01 vs control group.  #P<0.05, ##P<0.01 vs LPS-stimulated group.
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NF-κB.  To confirm NF-κB activation, the protein level of p65 
in the cytoplasm and nucleus were measured by Western blot.  
As the results show, the protein level of p65 in the cytoplasm 
(Figure 8A) was reduced by LPS treatment, while AA13 
inhibited the reduction at concentrations of 20 and 15 μmol/L.  
Accordingly, with the change of p65 in the cytoplasm, the 
increase of p65 in the nucleus (Figure 8B) induced by LPS was 
inhibited by AA13.  In addition, the phosphorylation of IκB 
(Figure 8C) was also inhibited by AA13.

AA13 inhibited dimethylbenzene-induced edema in mouse ears 
The anti-inflammatory activity of AA13 was investigated 
using a dimethylbenzene-induced mouse ear edema model, 
which is commonly used in inflammatory experiments.  
After treatment with AA13 and following dimethylbenzene 
induction, the weight of 6 mm diameter ear samples was 

Figure 5.  The inhibition effect of AA13 on LPS-stimulated COX-2 and iNOS 
in RAW264.7 cells (n=3 for each group).  Cells were pretreated with AA13 
for 30 min, followed by LPS (1 μg/mL) stimulation for 1 h.  The level of 
COX-2 (A) and iNOS (B) were determined by Western blot.  Mean±SEM.  
n=3 independent experiments.  **P<0.01 vs control group.  #P<0.05, 
##P<0.01 vs LPS-stimulated group.

Figure 6.  Effect of AA13 on LPS-stimulated MAPKs pathway in RAW264.7 
cells (n=3 for each group).  Cells were pretreated with AA13 for 30 min, 
followed by LPS (1 μg/mL) stimulation for 1 h.  The level of p-p38/p38 
(A), p-ERK/ERK (B) and p-JNK/JNK (C) were determined by Western blot.  
Mean±SEM.  n=3 independent experiments.  **P<0.01 vs control group.  
#P<0.05, ##P<0.01 vs LPS-stimulated group.
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measured.  As shown in Figure 9B, AA13 (20 mg/kg) and 
antifani (10 mg/kg) significantly reduced the weight of the 
ear treated by dimethylbenzene.  The anti-inflammatory effect 
of AA13 was further confirmed by H&E staining, which was 
consistent with the ear weight.  As shown in Figure 9A, the 
ears receiving dimethylbenzene alone were twice as thick as 
the normal control ears.  Treatment with AA13 and antifani 
obviously alleviated the edema and dimethylbenzene-induced 
subcutaneous tissue damage, even though the anti-swelling 
effect of AA13 was weaker than that of antifani.  

Discussion
In this study, sarsasapogenin-AA13, a derivative of sarsasa-
pogenin, could significantly inhibit dimethylbenzene-induced 
ear edema in mice and reduce the LPS-induced production of 
NO and PGE2 in RAW264.7 cells, which is consistent with its 
parent compound[24, 31].

It has been demonstrated that NO, the major catalytic 
product of iNOS during the inflammatory process[32], is the 
important inflammatory mediator that plays important roles 
in the process of inflammation[33].  As a signaling molecule, 
NO is involved in many physiological processes at low con-
centrations and contributes to organ damage in numerous 
severe inflammatory process at high concentrations[34].  NO is 
produced by NOS, and iNOS is expressed prevailingly in acti-
vated macrophages induced by pro-inflammatory cytokines[35].  
In this study, AA13 obviously inhibited LPS-induced NO 

release and iNOS expression correspondingly in macrophages, 
indicating that AA13 reduced the release of NO through 
decreasing the expression of iNOS.  

TNF-α can increase expression levels of COX-2 and iNOS[36].  
Therefore, we evaluated the levels of the inflammatory factors 
TNF-α and MCP-1 and the effect of AA13 on those inflam-
matory factors after LPS stimulation.  Similarly, AA13 mark-
edly inhibited the increase of TNF-α induced by LPS, but had 
no effect on the increase of MCP-1.  These results reveal that 
AA13 might affect the upstream signaling of TNF-α and iNOS.  

PGE2 is an active mediator of inflammation, which is one of 
the major components of arachidonic acid metabolism cata-
lyzed by COX-2[37].  In our study, LPS markedly increased the 
level of PGE2, and AA13 inhibited the production of PGE2 in a 
dose-dependent manner.  These results indicate that the inhi-
bition effects of AA13 on NO and PGE2 production might be 
related to the inhibition of iNOS and COX.  

To exclude the cytotoxic effect-induced decrease of 
COX-2 and iNOS by AA13, we detected the cell viability 
of sarsasapogenin-AA13 treated RAW264.7 cells.  Sarsasa-
pogenin-AA13 had no effect  on cell  viabil ity at  the 
concentrations of 20, 15, 10, and 50 μmol/L.  However, LPS-
induced NO and PGE2 production was significantly inhibited 
in a concentration-dependent manner after treatment with 
sarsasapogenin-AA13.  These results further confirmed the 
anti-inflammatory effects of AA13.

MAPKs are a family of serine/threonine kinases activated 

Figure 7.  Effect of AA13 on LPS-stimulated NF-κB p65 translocation in RAW264.7 cells (n=3 for each group).  Cells were pretreated with AA13 for 30 
min, followed by LPS (1 μg/mL) stimulation for 1 h.  The translocation of p65 subunit of NF-κB was determined by immunochemistry.
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by diverse stimuli to mediate intracellular signaling and are 
associated with a variety of cellular activities[38].  It has been 
reported that the MAPKs signal pathway is related to the LPS-
induced expression of COX-2 and iNOS[39, 40].  In this study, 
AA13 reduced the LPS-induced phosphorylation of p38 and 
JNK, but had no effect on the phosphorylation of ERK, though 
we did find that AA13 reduced the phosphorylation of ERK 
induced by hydrogen peroxide in SHSY5Y cells.  These results 
suggested that the anti-inflammatory effect of AA13 was cor-
related with the MAPK signal pathway.  However, the mecha-
nism of how AA13 works on MAPK signaling needs further 
investigation.  

The expression of inflammatory mediators is also modu-
lated by NF-κB.  Normally, inactive NF-κB is bound to IκB 
in the cytoplasm.  Stimulated by LPS, IκB is phosphorylated, 
and NF-κB p65 moves from the cytoplasm to the nucleus to 
regulate the production of the inflammatory cytokines.  The 
expression of many inflammation-related genes is regulated 
through the NF-κB signaling pathway[41].  The inhibition of 
NF-κB is initially considered important in the design of iNOS 
inhibitors[42].  As shown by our experiments, AA13 inhibited 
NF-κB transfer to the nucleus induced by LPS.  Therefore, the 
results suggest that the inhibition of the phosphorylation of 
JNK and p38 and NF-κB activation may be involved in the 
inhibiting mechanism.

On the basis of the in vitro results, we examined the effect of 
AA13 on dimethylbenzene-induced ear edema in mice, which 
is a commonly used animal model for the preliminary screen-
ing of potential anti-inflammatory drugs[43].  Dimethylbenzene 
can induce the release of inflammatory mediators, and further 
cause acute edema.  Using the model of ear edema, the anti-
inflammatory effects of the compounds were found to inhibit 
LPS-induced inflammatory responses in RAW264.7 cells[43, 44].  
Dai et al also reported that andrographolide derivatives, 
which alleviated the ear edema induced by dimethylbenzene, 
can reduce the level of iNOS and PGE2 in vivo[45].  Thus, we 
hypothesized that AA13 may suppress the edema of the ear 
through inhibiting the releaseing of inflammatory factors and 
blocking the stimulating effect of inflammatory mediators.  
Our results based on the animal model demonstrated that 
AA13 possessed potential anti-inflammatory activity in vivo, 
which is consistent with a previous study.

In conclusion, our results indicate that AA13 modulated 
LPS-induced RAW264.7 cell activation for the first time.  It 
significantly reduced the inflammatory factors, including NO, 
TNF-α and PGE2, which was associated with its inhibition of 
NF-κB and MAPK signaling pathway activation; however, the 
target of AA13 is still vague (Figure 10).  Accordingly, AA13 
needs more comprehensive studies as a potential alternative 
in the treatment of inflammatory diseases that are associated 
with the over-activation of macrophages.  
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Figure 9.  AA13 inhibited dimethylbenzene-induced ear edema in mice.  Mice were randomly assigned into three groups: Model; Antifani (10 mg/kg) and 
AA13 (20 mg/kg).  Dimethylbenzene was applied on inner and outer surface of right ears of mice to induce edema 1 h after the last drugs or vehicle 
administration.  Histological alteration was detected by hematoxylin and eosin staining (A) and observed under microscope.  Edema was determined as 
weight difference between the biopsies from right ear (dimethylbenzene treated) and the left ear (untreated control) (B).  Mean±SEM.  n=5 independent 
experiments.  *P<0.05 vs control group.  

Figure 10.  Inflammatory signaling pathways affected by AA13.
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