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( Abstract )

Anemarrhenae |[Rhizoma (AR) has been widely used for the treatment of various diseases in
Oriental medlcm To investigate whether AR possesses anti-inflammatory effects against
lipopolysaccharide%} (LPS)-induced inflammation in the BV2Z  microghal cells, MIT
(3~(4,5-dimethyl 1-2-y1)-25-  diphenyltetrazolium  bromide} assay, reverse transcription
~polymerase chair] reaction (RT-PCR), and prostaglandin E2 (PGE2) assay, and mnitric oxide (NO)
detection assay e performed. From the present results, AR was shown to suppress PGE2 synthesis
and NO productioh by inhibiting the LPS-stimulated enhancement of cyclooxygenase-2 and inducible
nitric oxide syn expression in BV2 microglial cells. These results suggest that AR may offer a

EETY

valuable means (HE therapy in the treatment of inflammatory diseases by attenuating 1PS-induced
PGE2 synthesis a%nd NO production.
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1. Introduction.

Over the lhst thirty years, various clinical
trBrain inflashmation has been implicated in
the pathoge 's of several neurodegenerative
disorders “ luding  Alzheimer's  disease,
Parkinson’s sease and ischemic brain injury.
Anti-inflarm tory drugs reduce the risk and
progression ‘r Alzheimer’s disease, and the
neuronal dajnage in  animal models of
Parkinson’s disease. Microglia are the major
mﬂamtmtory\ cells in the brain that are
activated by Hrain injury’ 3

Lipopoly: .m Charide (LPS) initiates a number
of major cell ar responses that play vital roles
in the pa m esis of inflammatory responses
including acﬁ‘ ation of inflammatory cells and
the pmduc o of cytokines and other
mediators. } staglandin E2 (PGE2) is a key
inflammatory |jmediator that is converted from
arachidonic agid by cyclooxygenase. There are
two isoformsjof cyclooxygenase(COX): COX-1
and COX—% COX-1 is a constitutively
expressed in  normal physiologic
functions, while COX-2 is expressed only in
response to!| inflammatory signals such as
cytokines anfl the bacterial endotoxin, LPS.
COX-2 produpes a large amount of PGE2 and
this induces i ammahonH).

Nitric oxi¢ de (NO), endogenously generated
from L-argi u3 e by NO synthase (NOS), plays
an urlportanq‘ role in the regulation of many
physiological'ﬂ processes. Several isoforms of
NOS exist ‘ d
major sjes . inducible NOS = (NOS),
endothehal h (eNOS) and neuronal NOS
(nNOS) Of these, iNOS is an important
enzyme mvol ed i m regulation of inflammation.
It was repotted that LPS up-regulates “INO3

S0 TS O . FEERTRE RN I N
exprm’smn W macmphagess)_ and’ microglial
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these isoforms fall ‘into three

cells”.

It is reported that the rhizome of
Anemarrhena asphodeloides Bunge (Liliaceae).
widely used as traditional medicine in Korea,
contains, as one of its various constituent,
saponin and Xanthone. Saponin is known to
partly hold timosaponin A-1-IV, B-1, B-II and
xanthone, mangiferin as one of its separated
clements”.

Anemarthenae  Rhizoma(AR) has  been
known to have an anti-diabetic activity”,
anti—platelet aggIegaﬁon activitym)
activity'” |

In these study, the effects of AR against
LPS-stimulated expressions of COX-Z2 and
iNOS in the mouse microglial BVZ cells was
investigated using 3-(4,5b-dimethylthiazol-2-v1)
-2,5  —diphenyltetrazolium bromide (MTT)
assay, reverse transcﬁption—polymemse chain
reaction (RT-PCR), PGE2 immunoassay, and
NO detection.

and diuretic

[I. Materials and Aterials
and Methods

1. Cell culture

Bee venom was purchased from Sigma
Chemical Co. (St Louis, MO, USA). The
mouse BV2 microglial cells were cultured in
Dulbecco’s Modified Eagle Medium (DMEM,
Gibco BRL, Grand Island, NY, USA)
supplemented with 10 26 heat-inactivated fetal
bovine serum (FBS) at 37 C in 5 % CO2 and
% % O2 in a humidified cell incubator.

2. Preparation of Anemarrhenae Rhizoma

Toobtéiri‘ﬂlewaterextractofAR“ZX)gof
AR was .added . to dlsulled water, and
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extraction was performed b
concentrated with a ro
lyophilized. The resulting
g, was dissolved in saline.

heating at 80 C,
evaporator and
wwder, weighing 30

3. MTT cytotoxicity agsay

Cell viability was detgmmed using the
MTT assay kit (Boehringer| Mannheim GmbH,

Mannheim, Germany) | as per the
manufacturer’s protocols. Id arder to deterrine
the cytotoxicity of AR, cell*§ were treated with
AR at concentrations of 0.1|mg/mé, 05 me/mé, 1

ng/mé, 5 mg/md, and 10 mg/mf", for 24 h. Cultures

h. Solubilization solution of 100 ¢ was then
added to each well, anc:1 the cells were
incubated for another 12 ix The absorbance
was then measured with ia microtiter plate
reader (Bio-Tek, Winooski/| VT, USA) at a
test wavelength of 535 ‘ and a reference
density (O.D.)

h| Percent viability
was calculated as (OD.| of drug-treated
sample/control O.D.) x 100.

To identify expressions ofj»COX~2 and iNOS
mRNA, reverse mnsmipﬁoq polymerase chain
reaction (RT-PCR) was peformed, and the

5~TGCATGTGGCTGTGGATGICATCAA -3
(a+.25-mer sense oligonucleotide) and 5'-
CACTAAGACAGAC COGTC
Z5-mer anti-sense oligonucl

)

htide). For mouse

iNOS, the primer sequences were
5-GTGTTCCACCA GGAGATGTTG-3' (a
21-mer sense oligonucleotide) and 5'-CTCCTG
CCCACTGAGTTCGTC-3" (a 2l-mer anti-
sense oligonucleotide). For cvclophilin, the
intemal control used in the study, the primer
sequences were 5'-ACCCCACCGTGTTCT
TCGAC-3' (a 20-mer sense oligonucleotide
starting at position 52) and 5 -CATTTGC
CATGGACAAGATG-3' (a 20-mer anti- sense
oligonucleotide starting at position 332). The
expected sizes of the PCR products were 583
bp for COX-2 and 500 bp for INOS, and 299
bp for cyclophilin.

For COX-2 and iNOS, the PCR procedure
was carried out using a GeneAnmp 9600 PCR
system (Perkin Flmer, Norwalk, CT, USA)
under the following conditions: an imitial
denaturation at 94 C for 5 min, followed by
40 amplification cycles, each consisting of
denaturation at ¥4 C for 30 sec, annealing at
58 T for 30 sec, and extension at 72 C for
30 sec, with an additional extension step at
the end of the procedure at 72 °C‘ for 5 min.
For cyclophilin, the PCR procedure iwas carried
out under identical conditions except that 25
amplification cycles were executed. The final
amount of RT-PCR product for each of the
mRNA species was calculated densitometrically
by using Molecular AnalystTM version 14.1
(Bio-Rad, Hercules, CA, USA).

5. Measurement of PGEZ synthesis

Assessment of PGE2  synthesis - was
performed using a commereially available PGE2
competitive enzyme Immmoassay kit
(Amersham Pharmacia Biotech. Inc.). Cells were
lysed and cell lysates and standards were pit
into different wells on the goat anti-mouse
TgG-coated microtiter plate provided in the kit.
Mouse anti-PGE2 antibody and ' peroxidase~
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conjugated

B2 were added to each well, and
the plate was \ cubated at room temperature
and shook for 1/h. The wells were drained and

washed, and 3,3 55’ tetramethylbenzidine/

min thmugh 7
absorbance of th
measured at

ine the effect of AR on
the amount of nitrite in
cell-free cul supernatant was measured
using a co @ cially available NO detection
kit (Intron B otech.,, Seoul, Korea). After
collection of 1 1l of supernatant, 50 uf of
N1 buffer Wa§ added to each well, and the
plate was inc@ted at room temperature for
10 min. N2 o‘: er was then added, and the
plate was incubated at room temperature for
10 min. The abporbance of the content of each
well was agured at 450 nm. The nitrite
concentration Was | calculated from a nitrite
standard curve.

NO  synthesis,

7. Statisticay analyses
“The results jpre expressed as the mean *
standard ernormean (SEM). The data were

using  SPSS.
considered  statistically

HI. Results

1. Effects bf

pf Anemarrhenae Rhizoma
on BV2¢

icroglial cells ‘viability
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The viabilities of cells incubated with AR at
0.003 mg/m¢, 0.03 mg/mé, 0.3 mg/m, 3 mg/mb. and
30 mg/mé for 24 h were 7836 + 657%, 7820 +
745 %, 8443 £ 558 %, 91.07 * 457 %, and
8066 + 995 % of the control value,
respectively. The assay revealed that AR
exerted no significant cytotoxicity in the BV
microglial cells (Fig. 1).

Relative viability (% control

0 0.003 0.03 0.3 3 30

Concentrations of Anemarrhenae Rhizoma (mmg/mil)

Fig. 1. Effects of Anemarrhenae Rhizoma(AR) on
viability in the BV2 microglial cells. Viability was
determined using 3-(4,5-dimethyithiazol —2-yl)-2,
5-diphenyltetrazolium bromide (MTT) assay.

2. Effects of Anemarrhenae Rhizoma
on MRNA Expressions of COX-2
and INOS

RT-PCR analyses of the mRNA levels of
COX-2 and iNOS were performed in order to
provide an estimate of the relative levels of
expressions of these genes. In the present
study, the mRNA levels of COX-2 and INOS
in the control cells were used as a contol
value 1.00. The level of COX-2 mRNA was
markedly increased to 358 + 0.09 following
treatment with 5 ug/mé LIPS for 24 h, while
decreased to 1.04 + 008 and 153 + 005 in
cells treated with AR ‘at 0.3 mg/mé, and 3 mg/
mf, respectively. The level of INOS mRNA
Wasnmkedlyumeasedto504i0.(77
following treatment with' 5 ug/mé ILPS for 24 h,
Whﬂedecreasedto‘203i004, ‘and 2.84 + 007
mceﬂsueatedeﬂlARat03mg/mﬂ,a1ﬂ3mg
/mf, respectively (Fig.” 9).
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Fig. 2. Reverse transcription-polymerase
chain reaction (RT-PCR) analysis of the
mMRNA expressions of cyclooxygenase—2
(COX-2) and| inducible nitric oxide synthase
(iNOS). Cells| were pre-treated with 0.3 mg/
mf AR, 3 |[mg/m¢ AR, and 100 ug/mé
Acetylsalicylic [acid for 1 h followed by 5 g/
m lipopolysadcharide (LPS) treatment for 24
h. Cyclophilin was used as the internal
control. ‘
* represents p < 005 compared to the control. #
represents p <! 0.05 compared to the LPS-treated
group. (A) Control, (B) LPS-treated group, (C)
LPS- and 03 mg/m¢ AR-treated group, (D) LPS-
and 3 mg/ml AR-treated group.

3. Effects of LAnemarrhenae Rhizoma
on PGE2 synthesis

From PGE2 i munoassay, after 24 h of
exposure to! LPS,| the amount of PGEZ was
increased from 1050 + 284 pg/mé to 5757 *
948 pg/mt, while decreased to 51.28 + 814 pg/
mt, 4525 + 695 pg/md and 3868 + 574 by the

treatment with 0.3 mg/m¢ AR, and 3 mg/mé AR,
respectively (Fig. 3).

4. Effects of Anemarrhenae Rhizoma
on NO synthesis

From the NO detection assay, after 24 h of
exposure to LPS, the amount of nitrite was
increased from 3.00 £ 0.01 WM to 1552 + 397
UM, and it was decreased to 1447 + 2.82 L\
954 + 187 1M, and 804 + 152 UM by
treatment with 0.3 mg/md AR, and 3 mg/m{ AR,
respectively (Fig. 4).
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Fig. 3. Measurement of prostaglandin E2
(PGE2) in BV2 microglial cells. Cells were
pre-treated with 0.3 mg/m? AR, and 3 mg/mé
AR for 1 h followed by 5 weg/mé LPS
treatment for 24 h. Cyclophilin was used as
the internal control.

* represents p < 0.05 compared to the control. =

represents p < 0.05 compared to the LPS-treated
group. (A) Control, (B) LPS-treated group. (C)
LPS- and 0.3 mg/ml AR-treated group, (D) LPS-
and 3 mg/m{ AR-treated group.

IV. Discussion

The purpose of the present study was to
find out whether AR exerts inflammatory
effects against LPS-induced COX-2 and iNOS
expressions in the BVZ microglial cells.
Microglia are macrophage-like cells of the
central nervous system (CNS), and they
generally considered being immmnologically
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quiescent urder normal conditions. ‘The
activation of mnicrogha that is induced by CNS
injury or jnfection 1is associated with
neurodegenerative disorders’™. Inflammation is

a complex process involving numerous
mediators of a cellular and plasma origin, and
these mediaf have elaborate and interrelated
biological effegts.

; .

20| X

A B C D

Fig. 4. Measurement of nitric oxide (NO) in
BV2 microglial cells. Cells were pre-treated
with 0.3 mg/mé AR and 3 mg/m¢ AR for 1 h
followed by 5 ug/m¢ LPS treatment for 24 h.

Cyclophilin was used as the internal control.
* represents p| < 0.05 compared to the control. #

represents p 0.05 compared to the LPS-treated
group. (A) ntrol, (B) LPS-treated group, (C)
LPS- and 0.3 mg/m{ AR-treated group, (D) LPS-
and 3 mg/ml treated group.

PGE2 and NO are involved in various
pathophysiological processes including
inflarmmation | and carcinogenesis, and iNOS
and COX-2 are known as the main enzymes
for the praduction of these mediators™.
Elevation off COX-2 activity: is closely
associated, with  the occurrence, of = cancer,
rthritis, .. pnd several typ& of

' attenuate the sympﬁoms _of
! NO exerts d1verse and
"gf%cté in the host cells.” Affer
¢ endogenous and exogenous
‘as LPS and viral infection,
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iNOS is induced quantitatively in the various
cells, and it triggers several deleterious cellular
responses inducing inflammation, sepsis, and
stroke””. Tn addition, COX activity and the
subsequent production of PGE2 are closely
related to the generation of NO radicals.
Salvemini et al™ reported that NO modulates
the activity of COX-2 in a cGMP-independent
manner, and NO plays a critical role in the
release of PGE2 by the direct activation of
COX-2. Inhibition on the INOS expression in
murine macrophages has been suggested as
another possible mechanism for the effect of
non-steroidal ant1~1nﬂammatory drugsm)

A research and develommt on the new
medicine materials that is aimed to be applied
to the treatment of inflammatory on human
body is recently. in brisk process. Natural
substance, especiéﬂly, is the most main subject
among them. Genistin, bacalin and wogonin,
the natural substance on the flavonoid line are
known to have the effects on restraining
inflammatory ~ mediator such as  pro—
inflammatory cytokine, NO and COX-2"%.

Herbs in the Liliaceae family have mostly
been used for increasing the health effects of
traditional medicine in Korea. Recently, Park et
al? reported that compounds from AR
possess anti—fungal activity. The chemical
constituents of the AR have been studied, and
the isolation and identification of steroidal
saponins have also been reported by several
groups®™®. Niwa et al'® have reported that
timosaponin  A-TI and markogenin glycoside
inkibited ADP-induced aggregation as well as
5-HT or arachidonic - acid-ifiduced aggregation
of human platelet, However the molecular
mechanisms for the antl—mﬂamnatory effect of
ARhavenotyetbemclanﬁed Intheprwent
smdy AR was shown to suppress PGEZ and
NO productlon by mhlblung LPS stimulated
enhancerment of COX-2 enzyme activity and
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iINOS expression in mouse BVZ microglia cells.
The present results s@g%t that AR can exert
its anti-inﬂannnatory; and analgesic effects
probably by suppressing COX-2 and iNOS
expressions, resulting in the inhibition of PGE2
and NO synthesis.

V. Comnclusion

From above stugy the
summarized as followings.

1. AR was shown to suppress PGEZ and
NO production by irhibiting LPS-stimulated
enhancement of COX+12 enzyme activity and
INOS expression. |

2. It is very possib%le that AR can offer a
valuable mode of ther%;py for the treatment of
brain inflammatory diseases by attenuating
LPS-induced PGE2 and NO synthesis.

results can
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