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Platycodin D (PD) isolated from Platycodi Radix has been reported to have anti-inflammatory and anti-
tumor activities. In this study, we have investigated anti-inflammatory activities of prosapogenin D (PrsD) and
prosapogenin D methyl ester (PrsDMe) of PD. The results indicated that PrsDMe concentration-dependently in-
hibited lipopolysaccharide (LPS)-induced nitric oxide (NO) and prostaglandin E, (PGE,) production, however,
PrsD did not inhibit NO production in LPS-induced macrophages. Furthermore, PrsDMe inhibited the expres-
sion of inducible nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2) without appreciable cytotoxic ef-
fects. In the transfectant RAW 264.7 cells, PrsDMe was observed to reduce the level of nuclear factor-xB (NF-
kB) activity. PrsDMe also inhibited the degradation of an inhibitory protein called inhibitor kB (I1xB). There-
fore, it was suggested that PrsDMe inhibited the expression of LPS-induced iNOS and COX-2 genes by suppress-
ing NF-kB activation at the transcriptional level. Also, PrsDMe showed carrageenan-induced acute anti-inflam-
matory activity and the adjuvant-induced anti-arthritic activity in mice. In conclusion, we suggest that these
compounds exert an anti-inflammatory effect through the regulation of the NF-xB pathway. The different activi-
ties of PD, PrsD and PrsDMe are based on the structure of the sugar substituent or methyl group at the C,4-car-
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boxyl position.
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Immune responses to infection or to localized injury or
trauma are among the main causes of local or systemic in-
flammation. Despite the beneficial effect of inflammation in
limiting responses to cellular and organ damage, a break-
down in the regulation of the inflammatory response may re-
sult in a wide range of chronic diseases such as arthritis, in-
flammatory bowel diseases, asthma and others."

Non-steroidal anti-inflammatory drugs (NSAIDs), such as
aspirin, sulindac and indomethacin, are widely believed to
have anti-inflammatory effects due to their ability to inhibit
prostanoid production, and relieve inflammation by inhibit-
ing cyclooxygenase (COX).

COX are the rate-limiting enzymes that catalyze the for-
mation of prostaglandins from arachidonic acid.” > Levels
of prostaglandins increase early in the course of the inflam-
matory process. The constitutive isoform, COX-1, is ex-
pressed in most tissues predominantly in platelets, gastroin-
testinal tract, kidney, and liver.> ® The inducible isoform,
COX-2, is activated in response to pro-inflammatory cy-
tokines and growth factors.>¥ Because COX-2 protein is in-
duced by several kinds of stimuli in inflammatory cells, in-
hibitors of COX-2 protein induction might be candidates for
the new-type NSAIDs. Also, inflammation is associated with
inducible nitric oxide synthase (iNOS). Especially, nitric
oxide (NO) produced by activated macrophages via iNOS
was initially considered a component of innate immunity in
the fight against infections.®

It has been well accepted that nuclear-factor-«B (NF-xB)
signaling pathway plays important roles in the inflammation,
control of cell growth, apoptosis, stress response, and many
other physiological processes.” 'V There are several impor-
tant molecules such as NF-xB, inhibitor kB (IxB), IKK,
within NF-xB signaling pathway.'”? NF-xB is a key protein
in the pathway, and has been described as a major culprit and
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a therapeutic target in inflammation and cancer.'*'® It is ac-
tivated by lipopolysaccharide (LPS), which is a mammalian
transcription factor that controls various genes that are im-
portant for immunity and inflammation.'” NF-xB is mainly
composed of p50 and p65.'” In unstimulated cells, NF-xB is
present in the cytoplasm through interactions with an in-
hibitory protein, IxkB. NF-xB is activated by IxBo degrada-
tion following phosphorylation of IxBc.'®

Platycodi Radix is the root of Platycodon grandiflorum A.
Dk (Campanulaceae).'” It is edible and the principal herb in
Oriental medicine for diseases of the lungs and throat, and is
commonly used for the inflammatory conditions of the eyes,
ears, and sinuses.'” Saponins (PS) are the primary con-
stituents of Platycodi Radix,?®?» and they are responsible
for diverse effects including anti-inflammation,* 2 anti-al-
lergy,*® anti-tumor,>” augmentation of immune response,” ")
and stimulating the apoptosis in skin cells.?”” In the last
decade, PS has generated renewed interests due to their phar-
macological potentials for healing the diseases of adulthood
such as hyperlipidemia or anti-obesity.>! ¢ In the previous
study, platycodin D (PD) inhibited the induction of COX-2
by 12-O-tetradecanoylphorbol 13-acetate (TPA), with sup-
pression of the production of prostaglandin E, (PGE,) in rat
peritoneal macrophages.’® Also, we demonstrated that 2”-O-
acetyl polygalacin D, platycodin A, platycodin D, and poly-
galacin D inhibited LPS-induced iNOS and COX-2 through
suppression of NF-kB activation in RAW cells.*” Their
structures are mainly characteristic of sugar moieties coupled
to C-3 and C-28 of aglycone. Because platycodin D is a main
saponin component of Platycodi Radix and is easily avail-
able, as opposed to other platycodi saponins, the sugars on
C-28 can be removed to make prosapogenin (PrsD) and then
esterified (PrsDMe) for better bioavailability and safety.

In this study, we focused on the anti-inflammatory activitiy
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of PrsDMe, in vitro and in vivo in a murine macrophage cell
line, RAW 264.7. The results demonstrated that PrsDMe in-
hibits LPS-induced NO production, COX-2 and iNOS ex-
pression through inactivation of NF-xB signaling pathway.

MATERIALS AND METHODS

Materials Platycodin D (Fig. 1) was isolated from the
root of Platycodon grandiflorum (Platycodi Radix) as previ-
ously described.’® The ester type glycoside, PD, is suscepti-
ble to acidic or basic-catalyzed hydrolysis and its PrsDMe
was prepared according to a published procedure by
Christie’” with a slight modification. In brief, PD (100 mg)
was added to 1m potassium methoxide in anhydrous
methanol (total volume 15 ml) under the conditions of 60 °C
and N, atmosphere for 1h to allow the trans-esterification re-
action. The reaction mixture was neutralized with 0.5N HCl
to precipitate the product. The pellet was recrystallized in
methanol to get the white compound. The compounds of
PrsD and PrsDMe (Fig. 1) were identified on the basis of
'H-, BC-NMR spectra®**® and electrospray ionization mass

spectrometry and their purity was checked by HPLC analy-
35,36)
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Fig. 1. Chemical Structures of Platycodin D Derivatives
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phosphate buffered saline (D-PBS, pH 7.4), Dulbecco’s
Modified Eagle Medium (DMEM), lipopolysaccharide
(LPS), Trypan Blue, dimethyl sulfoxide (DMSO), penicillin-
streptomycin, sulfanilamide, naphthylethylendiamine dihy-
drochloride, 2-amino-5-mercapto-1,3,4-thiadiazole (AMT),
penicillin—streptomycin solution, N-p-tosyl-L-phenylalanine
chloromethyl ketone (TPCK), indomethacin (IM), Tween 20,
4-methylumbelliferyl phosphate (MUP), Easy Blue reagent
(iNtRON Biotechnology, Korea), HEPES and sodium bicar-
bonate were purchased from Sigma Chemical Co. Ltd (St.
Louis, MO, U.S.A.). Fetal bovine serum (FBS) was from
South Pacific (New Zealand). Cell Counting Kit (CCK-8)
was purchased from Dojindo Laboratories (Tokyo, Japan).
ELISA kit (R&D Systems, Minneapolis, MN, U.S.A.),
polyvinylidene difluoride (PVDF) membranes (Millipore,
MA, US.A.), Protein Assay Reagent (Bio-Rad, Vancouver,
Canada), anti-iNOS, COX-2, IxkBa, p65, o/f-tubulin, S-
actin, and horseradish peroxidase (HRP)-conjugated second-
ary antibody (Santacruz, CA, U.S.A.), ECL Plus detection kit
(Amersham, UK.), ONE-STEP RT-PCR Pre Mix kit (Intron
Biotechnology, Korea) were used.

Animals Male ICR mice (Samtako, Kyungki-do, Korea)
weighing 25—30 g were used in this study. All animal stud-
ies were carried out in a pathogen-free barrier zone of Seoul
National University Animal Laboratory with the procedure
outlined in the Guide for the Care and Use of Laboratory An-
imals. All animals were acclimated at least for one week,
caged in five groups or less, and fed with a diet of animal
chow and water ad libitum. They were housed at 23+0.5°C
and 10% humidity in a 12 h light—dark cycle.

Cell Culture RAW 264.7 cells, murine macrophages,
were obtained from the American Type Culture Collection.
These cells were maintained at subconfluence in 95% air and
5% CO, humidified atmosphere at 37 °C. The medium used
for routine subculture was DMEM supplemented with 10%
fetal bovine serum (FBS), penicillin (100 units/ml) and strep-
tomycin (100 pg/ml). Cells were counted with a hemocy-
tometer and the number of viable cells was determined by
trypan blue dye exclusion.

Cell Viability Cytotoxicity of PD, PrsD and PrsDMe
were evaluated by Cell Counting Kit (CCK-8) purchased
from Dojindo Laboratories (Tokyo, Japan). RAW 264.7 cells
were plated at a density of 1X10* cells/well in a 96-well
plate and incubated at 37 °C for 24 h and then various con-
centrations of PD, PrsD and PrsDMe were treated in a 96-
well plate. After additional 24 h incubation at 37 °C, 10 ul of
CCK solution was added in the wells and additional incuba-
tion was needed for 3 h. The resulting was assayed at 450 nm
using microplate fluorometer (Molecular Devices, Sunny-
vale, CA, US.A)).

Nitrite Assay RAW 264.7 cells were plated at a density
of 1X10° cells/well in a 24-well plate with 500 ul of culture
medium, and incubated at 37°C for 24h. The cells were
treated with PD, PrsD and PrsDMe (5, 7.5, 10, 20 um) for 2h
and stimulated with LPS (0.1 ug/ml) for 18 h. The nitrite
concentrations of supernatants (100 ul/well) in medium were
measured by adding 100 ul of griess reagent (1% sulfanil-
amide in 5% phosphoric acid and 0.1% naphthylethylenedi-
amine dihydrochloride in distilled water). To quantify nitrite
concentration, standard nitrite solutions were prepared and
absorbance of the mixture was determined with a microplate
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fluorometer (Molecular Devices) at 540 nm.

Determination of PGE, Concentration RAW 264.7
cells were seeded in wells and incubated for 24 h. After incu-
bation, the cells were incubated with PrsDMe of different
concentration in the presence or absence of LPS (0.1 ug/ml).
The PGE, concentration in the culture medium was deter-
mined by ELISA kit (R&D Systems, Minneapolis, MN,
US.A)).

Western Blot Analysis RAW 264.7 cells were plated at
a density of 1X10° cells/well in a 6-well plate with 2ml of
culture medium, and incubated at 37 °C for 24 h. The cells
were treated with PrsD and PrsDMe (5, 10, 20 um) for 2h
and stimulated with LPS (0.1 ug/ml) for 18 h. After incuba-
tion, the total cytosolic extraction were lysed as described
previous report.®’ Cytosolic fractions were separated on
sodium dodecyl sulfate (SDS)-polyacrylamide gels (PAGE)
(8% for iNOS and 10% for COX-2, B-actin and IxBa), and
transferred to PVDF membranes. After being blocked by 5%
skim milk for 1h, the membrane was incubated with first an-
tibody and then added second antibody. For developing the
membrane, enhanced chemiluminescence (ECL) detection
kit was used.

RNA Extraction and Reverse Transcriptase RT-PCR
RAW 264.7 cells were plated at a density of 1X10° cells/well
in a 6-well plate with 2 ml of culture medium, and incubated
at 37°C for 24h and the cell were treated with PrsD and
PrsDMe (5, 10, 20 um) for 2h and stimulated with LPS
(0.1 ug/ml) for Sh. RT-PCR was performed with total RNA.
RNA was extracted using Easy Blue reagent (iNtRON
Biotechnology, Korea) according to the manufacturer’s rec-
ommendations. The purity of RNA preparation was checked
by measuring the absorbance ratio at 260/280 nm. The sense
and anti-sense primers for COX-2, iNOS and S-actin mRNA
were used. RT-PCR was performed using ONE-STEP RT-
PCR PreMix kit (Intron Biotechnology, Korea), according to
the manufacturer’s instructions. 2% agarose gel stained with
ethidium bromide was used to identify amplified DNA. The
gels were viewed with UV transillumination.

Reporter Gene Assay Reporter enzyme activity was
measured by cell-based assay system for monitoring NF-xB
activity. The pNF-xB-SEAP-NPT plasmid that permits ex-
pression of the secretory alkaline phosphatase (SEAP) re-
porter gene in response to the NF-xB activity and contains
the neomycin phosphotransferase (NPT) gene for geneticin
resistance in host cells was constructed and transfected into
murine macrophages.’ Transfected RAW 264.7 cells were
plated at a density of 1X10° cells/well in a 24-well plate with
500 ul of culture medium including geneticin, and incubated
at 37°C for 24 h. The cells were treated with PD, PrsD and
PrsDMe (5, 10, 20 um) for 2h and stimulated with LPS
(0.1 ug/ml) for 16 h. Fluorescence from the product of the
SEAP/MUP was measured using a 96 well microplate fluo-
rometer by excitation at 360 nm and measuring light emis-
sion at 449 nm. %4V

Preparation of Nuclear Extracts Nuclear proteins were
extracted by using a modification of the Andrew’s method.*”
In brief, RAW 264.7 cells were plated at the density of
2.0X10° cells on T-25 flask and incubated for 24 h. They
were pretreated with the compound for 2h and incubated
with LPS for 1h. Cells were scrapped and washed with D-
PBS and resuspended in 80 ul of lysis buffer. They were in-
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cubated for S5min on ice and then vortexed to disrupt cell
membranes for 10 min. After centrifugation at 12000Xg for
30min at 4 °C, pellets containing crude nuclei were washed
with buffer A (20mm HEPES-KOH pH 7.9, 1.5 mm MgCl,,
10ml KCl, 0.5mMm DTT, 0.5 mm phenylmethylsulfonyl fluo-
ride) and centrifuged at 3000Xg for 10 min at 4 °C. Pellets
were resuspended in extraction buffer (20 mm HEPES-KOH,
pH 7.9, 25% glycerol, 420 mm NaCl, 1.5 mm MgCl,, 0.2 mm
EDTA, 0.5mm DDT, 0.5mm PMSF, and Protease Inhibitor
Cocktail) and incubated at 4 °C for 40 min with a constant
shaking. They were centrifuged at 12000Xg for 30 min to
obtain the supernatant containing nuclear extracts.

Electrophoretic Mobility Shift Assay (EMSA) The
oligonucleotide probe used for EMSA contained the NF-xB
consensus sequence. Double-stranded NF-xB consensus
oligonucleotide (AGT TGA GGG GAC TTT CCC AGGC)
and mutant one (AGT TGA GGC GAC TTT CCC AGG C)
were purchased from Promega (Madison, WI, U.S.A.). The
probe was 5’-end-labeled with [y-**P]-ATP using T4 poly-
nucleotide kinase (Promega) and separated from the unincor-
porated label. Binding reaction was performed for 30 min
with 10 ug of nuclear protein in 20 ul of binding buffer
(100 mm Tris—HCI, pH 7.9, 250 mm NaCl, 10 mm MgCl,, 5 mm
EDTA, 0.5% NP-40, 2.5% BSA, 50% glycerol) containing
1 g of Poly (dI-dC) and 2 ul of 5'-labeled probe (15000—
30000 cpm). In the competition experiment, a 40-fold molar
excess of the unlabeled probe or unlabeled mutated probe
(sc-2511, Santa Cruze) was added before the labeled probe.
DNA-protein complex was separated from the unbound
probe on 6% polyacrylamide gel in 0.25XTBE running
buffer at 100 V. After electrophoresis, the gels were dried and
visualized by autoradiography. The intensity of each band
was quantitatively determined using a UN-SCAN-IT™ soft-
ware (Silk Scientific, UT, U.S.A.) and the density ratio repre-
sents the relative intensity of each band against those of con-
trols in each experiment.

Carrageenan-Induced Paw Edema Test in Mice
Edema was induced in the right hind paw of mice by subcu-
taneous (s.c.) injection of 0.05ml/mouse of 1.0% A-car-
rageenan (Sigma) in saline according to the previous
reports.***¥ The test substances were given orally 30 min be-
fore carrageenan injection. The paw thickness was measured
using a dial thickness gauge (No. 2046F Mitutoyo,
Kawasaki, Japan). The percent increase of paw thickness was
calculated based on the volume of the pre injection paw.

Adjuvant-Induced Arthritis Test in Mice Adjuvant
arthritis was induced in mice by injection (0.05 ml/mouse
s.c.) of Freund’s complete adjuvant (Sigma) in the right hind
paw, and thickness of the hind paw was measured just before
and at intervals of days after adjuvant injection using a dial
thickness gauge.** *¥ The test substances were given orally
once a day.

Data Analysis The results were expressed as means*
standard deviation (S.D.). Analysis of variance (ANOVA)
with Bonferroni’s test was used for the statistical analysis of
multiple comparisons of data. p-values less than 0.05 were
considered statistically significant.

RESULTS

Inhibition of LPS-Induced NO Production by Platy-
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codin D, Prosapogenin D, and Prosapogenin D Methyl
Ester in RAW 264.7 Macrophages To investigate the in-
hibitory effects of PD, PrsD and PrsDMe on LPS-induced
NO production in RAW 264.7 macrophages, the accumulated
nitrite was determined by the Griess reaction in culture
medium. NO production was detected in RAW 264.7 cells
stimulated by LPS in the presence or absence of samples for
20h. LPS (0.1 ug/ml) significantly increased the concentra-
tion of nitrite as compared to basal level without LPS. Al-
though PD and PrsDMe (5, 7.5, 10, 20 um) significantly in-
hibited LPS-induced NO production (Fig. 2B), PrsD (5, 7.5,
10, 20 um) did not inhibit LPS-stimulated NO production
(Fig. 2B). PrsDMe did not affect cell viability at the same
concentrations on incubation with LPS (Fig. 2A), but PD
showed cytotoxicity at 20 um (Fig. 2A). Thus, we only evalu-
ated the anti-inflammatory activity of PrsDMe at the above
concentrations.

Inhibition of LPS-Induced PGE, Secretion by Pro-
sapogenin D Methyl Ester on RAW 264.7 Macrophages
We investigated the inhibitory effect of PrsDMe on LPS-in-
duced PGE, secretion in RAW 264.7 cells. PGE, concentra-
tion was determined by ELISA assay. LPS (0.1 ug/ml) signif-
icantly increased the concentration of PGE, as compared to
basal level without LPS. PrsDMe (5, 10, 20 um) significantly
inhibited LPS-induced PGE, production in a concentration-
dependent manner (Fig. 3).

Inhibition of LPS-Induced Protein Expression of iNOS
and COX-2 by Prosapogenin D Methyl Ester The effects
of PrsDMe on iNOS and COX-2 protein expression in RAW
264.7 cells were examined by Western blot analysis. As
shown in Fig. 4A, these compounds inhibited expression of
iNOS and COX-2 proteins.

Inhibition of LPS-Induced mRNA Expression of iNOS
and COX-2 by Prosapogenin D Methyl Ester Studies
were extended to determine whether the expression of iNOS
and COX-2 proteins paralleled their mRNAs. RAW 264.7
cells treated with LPS (0.1 tg/ml) dramatically induced the
iNOS and COX-2 mRNA expression while their mRNAs
were not detectable in unstimulated macrophages. RT-PCR
analysis showed that PrsDMe inhibited LPS-induced increase
in the iNOS and COX-2 mRNA expression (Fig. 4B).

Effects of PrsDMe on LPS-Induced NF-xB Activation
in Transfectant RAW 264.7 Cells To investigate the inhi-
bition of NF-xB activation by PrsDMe, a pNF-xB-SEAP-
NPT plasmid containing NF-xB binding sites in the en-
hancer element was transfected into RAW 264.7 cells. The
level of NF-kB activation in transfectant RAW 264.7 cells
was tested using a fluorescence method. In stimulated trans-
fectant RAW 264.7 cells with LPS (0.1 pg/ml), the NF-xB
activity (relative fluorescence units: RFU) was increased
compared to the basal level without LPS. PrsDMe reduced
NF-xB activation by LPS in a dose-dependent manner (Fig.
S5A).

Inhibition of LPS-Induced NF-xB Nuclear Protein-
DNA Binding Activity by Prosapogenin D Methyl Ester
EMSA was conducted to determine whether PrsDMe
changed NF-xB DNA binding activity. NF-xB is activated
by LPS and other inflammatory stimuli in macrophages. As
NF-xB is a transcription factor, its activation is an essential
step in gene expression including iNOS and COX-2 in RAW
264.7 cells. LPS (0.1 pg/ml) increased the binding activity of
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periments and expressed as means*S.D. *p<0.05 and #**p<<0.001 indicate signifi-
cant differences from the LPS-treated group; ##p<<0.001 indicates significant differ-
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Fig. 3. Effect of the PrsDMe on LPS-Induced PGE, Synthesis in RAW
264.7 Macrophages

The PGE, concentration in the culture medium was measured by ELISA as described
in Materials and Methods. The values are expressed as means=*S.D. of triplicate tests.
#p<<0.05 indicates differences versus LPS treatment; ##p<<0.001 indicates significant
differences from the unstimulated group.

nuclear extracts to the NF-xB DNA consensus sequence.
PrsDMe inhibited LPS-induced NF-xB binding ability (Fig.
5B).

Inhibition of LPS-Induced IxBa Degradation by Pro-
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(A) Equal amounts of total proteins (80 tg/lane) were subjected to 8% (for iNOS) and 10% (for COX-2, B-actin and B-tubulin) SDS-PAGE and expression of iNOS, COX-2, f3-
actin and f-tubulin was detected by Western blotting analysis. -Actin and B-tubulin were used as an internal control. (B) Total RNA of lysed cells was prepared for the RI-PCR
analysis. PCR of f-actin was performed to control for similar initial cDNA content of sample.

sapogenin D Methyl Ester The phosphorylation of IxkBa
and then degradation is an important step in NF-xB activa-
tion by stimuli. The effect of PrsDMe on LPS-induced IxBo
degradation in macrophages was investigated by Western blot
analysis. LPS reduced IxBo level by degradation of phos-
phorylated IxkBa, while PrsDMe prevented degradation of
IxkBo in RAW 264.7 cells (Fig. 6). The result suggests that
PrsDMe inhibited NF-xB to enter nuclear where NF-xB reg-
ulate genes including pro-inflammatory cytokines, chemo-
kines, and inducible enzymes.

Effect on Carrageenan-Induced Paw Edema in Mice by
Prosapogenin D Methyl Ester The carrageenan rat paw
model has been used for testing the COX-2 inhibitors against
the acute inflammation.***> In the mouse paw edema experi-
ment, inflammation was induced by carrageenan injection.
The effect of PrsDMe on carrageenan-induced paw edema is
shown in Fig. 7A. Oral administration of the PrsDMe re-
sulted in inhibition of carrageenan-induced paw edema at
the dose of 20 mg/kg in mice. In particular, treatment with
PrsDMe suppressed edema formation from 1 to 4h after
edema injection. As a positive control, Ibuprofen (200 mg/
ml) also inhibited paw edema.

Effect on Adjuvant-Induced Arthritis in Mice by Pro-
sapogenin D Methyl Ester In chronic test of developing
inflammatory arthritis, PrsDMe showed an inhibitory activity

against adjuvant-induced arthritis in mice on oral administra-
tion of 20 mg/kg (Fig. 7B).

DISCUSSION

It has been reported that platycodin D (PD) inhibits TPA-
induced PGE, production and COX-2 expression.”® We also
demonstrated that 2"-O-acetyl polygalacin D, platycodin A,
platycodin D, and polygalacin D inhibits LPS-induced iNOS
and COX-2 activity through the suppression of NF-xB acti-
vation in RAW cells.”*

In considering the structure of PD, sugars are attached at
two positions, C;-hydroxyl (R,) and C,¢-carboxyl (R,) groups
(Fig. 1). For the purpose of lowering polarity and toxicity
of PD, sugar linkage at C,g-carboxyl position (R,) was hy-
drolyzed to produce PrsD and the resulting carboxyl group
was methylated to yield the methyl ester of PrsD (PrsDMe).
In addition, any anti-inflammatory activities of PrsD and
PrsDMe have not been reported. We detected the NO produc-
tion in macrophages exposed to PD, PrsD and PrsDMe. Ni-
trite assay revealed that PD and PrsDMe inhibited the pro-
duction of NO. However, in this investigation, PrsD was not
active in inhibiting LPS-induced NO production at concen-
trations of 5, 7.5, 10 and 20 ym. Similar results have been re-
ported about other types of plant saponins such as those
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(A) Fluorescence from the product of the SEAP/MUP was measured using a fluo-
rometer (Molecular Devices, Gemini XS). The data were obtained from three independ-
ent experiments and expressed as means*S.D. s p<<0.01 indicates significant differ-
ences from the LPS-treated group; ##p<0.001 indicates significant differences from
the unstimulated group. (B) Nuclear protein from the cells was pretreated with 5, 10
and 20 um of prosapogenin D methyl ester and 20 um of TPCK for 2 h, and then incu-
bated with LPS (0.1 ug/ml) or LPS only for 1h. Detection of NF-xB binding activity
was performed by electromobility shift assay (EMSA). Specificity of NF-xB complex
formation was verified in LPS-only sample by displacement with a 50-fold excess of
the unlabeled mutated oligonucleotide (mut) and a 50-fold excess of the unlabeled con-
sensus oligonuleotide (cold).

found in Panax ginseng, a well-known herbal medicine con-
taining various saponins that can be distinguished from each
other by the number or position of sugar groups, and which
can exhibit various pharmacological effects depending on the
number of sugar present.***”) Another study reported that
saponin methyl ester from Kalopanax pictus shows higher
anti-inflammatory,*” while sapogenins that have free car-
boxyl group at C,g are lack of anti-inflammatory activity.
From this point of view, we speculate that the different phar-
macological activities of saponins are based on the structure.
And we suggest that the glycosylation or esterification of the
C,¢-carboxyl group of PrsD is responsible for their strong
anti-inflammatory properties and the oligosaccharides moi-
ety is not so critical at R, position of the prosapogenin moi-
ety. In this study, PrsDMe was investigated for anti-inflam-
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Fig. 6. Effect of PrsDMe on LPS-Induced IkBa Degradation in RAW
264.7 Macrophages
Cells were pretreated with 5, 10 and 20 um of prosapogenin D methyl ester and

20 um of indomethacin for 2h, and then incubated with LPS (0.1 ug/ml) or LPS only
for 1 h. Detection of IkBa expression was determined by Western blot analysis.
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Fig. 7. Effect of PrsDMe on Carrageenan-Induced Paw Edema (A) and
Freund’s Complete Adjuvant Arthritis in Mice (B)

(A) PrsDMe was administered 30 min before 1% carrageenan injection into mice for
alleviation of acute inflammation. Paw thickness was measured immediately prior to in-
jection and each time postinjection. The percent increase of paw thickness was calcu-
lated based on the thickness of preinjection. (B) Freund’s complete adjuvant (FCA)-in-
duced arthrititic rodent model was used for testing PrsDMe in sub-chronic or chronic
inflammation. Paw thickness was measured immediately prior to injection and at inter-
vals of days postinjection. The percent index of paw thickness was calculated based on
values of pre-injection. Each value represents the mean*S.D. (n=10, *p<0.05,
#% p<0.01).

matory properties by studying nitric oxide and PGE, secre-
tion, iNOS and COX-2 gene expression in LPS-induced
RAW 264.7 cells. PrsDMe inhibited LPS-induced nitric
oxide and PGE, production via inhibition of iNOS and COX-
2 gene expression in a concentration-dependent manner. This
compound decreased the protein levels of iNOS and COX-2
by reducing expression of iNOS and COX-2 mRNA. At the
gene levels, expression of iNOS and COX-2 are largely regu-
lated by transcriptional activation of NF-xB. Through results
from Western blot analysis, EMSA and NF-xB-SEAP cell-
based assays, we demonstrated that PrsDMe prevented acti-
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vation of NF-xB by LPS in macrophage cells via inhibition
of IxBa degradation. Members of the protein tyrosine kinase
family play roles in macrophage activation in response to
LPS.*® Phosphorylation of IxBa in cells stimulated by LPS
is considered to be mediated with the NF-xB-inducing ki-
nase and the subsequent I-xB kinase complexed with other
proteins in the plasma membrane.*” The pathways of NF-
kB-inducing kinase and MEKK!1 regulate the phosphoryla-
tion of IxkBa via TIKK.>” Tt is likely that the inhibition of
IxBo degradation by PrsDMe is mediated with the suppres-
sion of IKK.

These results suggest that PrsDMe inhibit LPS-induced
expression of the iNOS and COX-2 genes through blocking
NF-xB activation and IxkBa degradation. Also, above in
vitro data could be demonstrated in adjuvant-induced arthri-
tis as well as carrageenan-induced edema rodent models.
Carrageenan injection in the hind paw of the rat is one of the
most commonly used models of inflammation and inflamma-
tory pain.”" The initial phase of edema (0—1 h), has been at-
tributed to the release of histamine, 5-hydroxytryptamine (5-
HT) and bradykinin. And the second accelerating phase of
swelling (1—6h), has been correlated with the elevated pro-
duction of prostaglandins.’” Because of strong inhibition of
COX-2, treatment with PrsDMe dose-dependently sup-
pressed carrageenan-induced paw edema in second phase
from 1 to 4h. And also, Freund’s complete adjuvant (FCA)-
induced arthritis test has been extensively used as a model of
sub-chronic or chronic inflammation in rodents. By this in
vivo test, PrsDMe effect on sub-chronic or chronic anti-in-
flammatory activity.

In conclusion, PrsDMe can be offered as a leading com-
pound for developing anti-inflammatory agents based on the
inhibition of in vivo animal models as well as suppression of
COX-2 and iNOS and LPS-induced NF-xB activation in
macrophages.
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