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ABSTRACT

Background: Chronic inflammation in the brain has known to be associated with the
development of a various neurological diseases including dementia. In general, the
characteristic of neuro-inflammadon is the activated microglia over the brain where the
pathogenesis occurs. Pro-inflammatory repertoites, intetleukin-18 (I1-143) and nittic
oxide (NO), are the main causes of neuro-degenerative disease, particulatly in Alzheimer’s
disease (AD) which is caused by neuronal destructon. Those pro-inflammatory teper-
toires may lead the brain to chronic inflammatory status, and thus we hypothesized that
chronic inflammation would be inhibited when pro-inflammatory repertoires are to be
well controlled by inactivating the signal transduction associated with inflammation.
Methods: In the present study, we examined whether biphenyl dimethyl dicarboxylate
(DDB), an active compound from Schizandra chinensis Baillon, inhibits the NO
production by a direct method using Griess teagent and by RT-PCR in the gene
exptession of inducible nitric oside synthase (INOS) and IL-1 3. Western blots wete also
used for the analysis of NEF- ¢B and 1 4B. Results: In the study, we found that DDB
effectively inhibited TL-1 8 as well as NO production in BV-2 microglial cell, and the
translocation of NF- B was comparably inhibited in the presence of DDB comparing
thosc to the positive control, lipopolysacchatide. Conclusion: The data suggested that
the DDB from Schizandra chinensis Baillon may play an effective role in inhibiting the
pro-inflammarory repertoires which may cause neurodegencration and the results imply
that the compound suppresses a cue signal of the microglial activation which can inducc
the brain pathogenesis such as Alzheimer’s disease. (Immune Network 2006;6(1):27-
32)
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EHTIIE o1 5E AL o] AEE Faiste) e
w2 A5 Z 4] Schizandra chinensis Baillono & 22|,
AsowA A, AA, A, G, 7+ 13, dgkzA,
g s|=2E 9l A3t A9t Qe Ao g deA
oH13), B2l Gelers Sdold vl 2 B
48, 9L 54 S, s Y DAY 2AEANE
A= Aoz Baslel githaT). okelohd ATollA
2u|z2Xe] ]yl AEQl Schizandrin Co] %A
DDB (biphenyl dimethyl dicarboxylate)+= 7+2] A 2@} AL
S5 AT wlelaRE BhAlC] Fa3d cyto-
chrome p4507A]ol] phenobarbital#} J-AH3F F A3 &
488 ehl B4 ZA9] $UAIE 557 NE- (B
o] AL T3l FAAEE el oz 4
Z ArhH®).

A Woll A i ok ek WYd T AA, AL
FAZA Y 758 7HA = A LASHE, nitric oxide (NO)
©9) o] AR SR Fod 4TS Pl A
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o2 oA rk10). o]¢F - NO= YT AA 9
HAAS} Hslo] macrophagert FE5EA AelollA
inducible nitric oxide synthase (INOS)E t}ak BAglo 2
A arginine > 2LE] NOE A4, A5 uhs-& 76,
pro-inflammatory IZ}24] #-&-& slA] Hurk(11). 53]
bacteria®} 22 A7 Al W3 lipopolysaccharide
(LPS)7} host receptor®} Zgtslod AE ) AE Aol
doli}=, o]ul] 1 B kinase (IKK) complex7} 34 3} =
o] 1+B2] phosphorylation ¥ degradatione] -§-1+=lth(12).
oluff IxBolA Eelx]o] Z-FZ LA NF-«B dimer (p65/
p30)= A EZA oz A9ste] w4l i
A AE 2] promoter o ol Ag}sto] HAAE F71A]7]
B2 iNOS %4l 3 NO A4 & Egtsls ohakdt 4=
Hhgo] doluA Hok13). o]t AL HolE o
ol &= glom o9} L T ol F QA Frofsl= A
FE2A ¥ A&TAE, microglia7} ¢ 2] ik Microglia
© ol EAs}= A A FE Z A monocyteol| A H-3}E] o]
TAAE A AAEE v ABAEZ(14) ¥ Eohd
zedell sl 271 Wha& Eeldlo] 154 cytokine, T
o B, A AL TE WES] AAE B
A|Eo]ti(15). Le]u} microglia®] Z|v}x 24 5}

AEe Fste] dzsto]w| Ash(Alzheimer’s
disease, AD) -2 E3A = Ak £ Ullo] H&
Aoz A A Qdrkle). 53] H T B A7 Ay £
Q1 AD9] 7%, ] Wl amyloid 8 (A 8) elo) =7} u]H
AR vk vhEolx ¥ 2l x9lutelgla Bg
- senile plaque} A% microgliaz} o] & dPow
QlAsto] A= 51 93328 Yo 7]+ proinflammatory
cytokines B NOE W&ol 45 ub3-& sl ol
w ¥ =2 Ak £ 9 AEAE fabste] A7

e el o=
il
18 Mo
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AEe] 75 Aol Ak dE A dek(17). 53,
NO3¥= pro-inflammatory cytokines®} T]-&o] A1 A 24
9% 2 H B 22 Wl QA A e
£+ & inducible nitric oxide synthase (iNOS)ol] &]&} oL}
W, 25 Nok 24 o BHUE U ARAE 5}
317} Qolubll Ack. wekA =4 Aslell, Lzshol
w5} -2 Asholl 2] microglias] oJ3 NO A7} 2.7
st} whebA] microglia 8413} A A= ADE v £ o}
o g4 ¥ARY AFAE A= AR HE
Holgl & 4 9Irk(18). E QoA ALH 2wzt
Schizandrin C $-=4|¢] DDB7} 8t g3 & 712+ A
P L ZHE] microglia®] proinflammatory cytokine$] AY
A o] o35 AR shelonl, 917 LA R
o] microglial cellol| 4 =29} 7Z+-2 A9i/Nd 2] g3}
g Alank 4% 271 Q2o g a4 A Sol
aHHo R 489 4 g Zer AR 53,
DDB®] NF- (B9 A AAE 2l dedzrgo] Hix
31 9l0](19), ¥ Aol A= LPSE A A 15 w1t
28 £ %3 BV-2 microglial cell lineol] Schizandrin C -f-
22 DDBE BE 8 Azl g ul wAsH: pro-
inflammatory repertoire®] W&} o]H g AT E FE I
+ NF- B signal transduction2- $H&s}o] A 5o 2
% NO 9 18 SlAAEE B
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DDB ($-8l A|2P), LPS (Sigma, USA) Y& njo]a 2
e (0.2 pm)E FZ3k wiAol] Fof Fu| gt DDBE
5, 10, 20, 40 pg/ml, LPS+ 5 pg/mle] HEF5%7}t H 25
24} o] YHELR o] %9 ALL 913 —20°Coll A
HasiAY AE vjek APE A3l 1~5% Fellob €A
(FBS)o] 3+-6-%1 ¢MEM (Cellgro, USA) ulj ] of] 24 3] 4]
sloich B Ado)A] ALE BV-2 cell line2 Northwest-
emn University, USAol| 4] F-okdlo} A1.86}9] © ™ primary
microglial cello]] v-raf/v-myc oncogens 7+GA| A 25
A AEZZA GU, F8Y 2 7154 SAo| primary
microglial cell#} 74tH20,21). 2% BV-2 A|E+= FA4
#£3}o] 10% FBS ¢MEM el 2] ol 4] 3Y =gl vfjeks) oL
5% FBS oMEM W72 4] 3 wjekEeost uletol
oF 70% 2] AlE7} LS wfl 1% ols}2] FBS7} 3
H A wiAE 2 Agel ALt o] Al
A%t AZ9 kg HAdkely] 93 Aol Hd 5%
u]gke] FBS wiA]ollA] BV-2 A £8] A Stof] ks
2 gomz BE A= 1% FBS ¢MEM HljZ|o]
Al FF3A7 B2 A EFE in vitro ¥ & A3
o} & AgellA DDBE HE 3 AHl e BV-2 AlE 0l
3027 AAel 3 7F ARG, 10, 20, 40 pg/ml)el] wheh
lipopolysaccharide (LPS) 5 xg/mlE 2] &}o] A|Eoj 4 1}
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Ehbe A8 Wake RRenh 3, LPS Fol 14
7+ ¥ AEAT o4 A 27} FEelo] NE-«B
St 1B ] Ad A4S 31903 64]7F % total RNAE
FZsto] NF-¢Bol| 98l AA7} 2A8E = IL-1 89} iNOS
o) mRNA 241e 323900 947} F AEA} dof
A ARG 212k F3elo] NF-¢B2] 34519 1B o)
degradation 4} iNOS xhuiA o] wlal-g wxsl9dct ek
LPS Fof 12412} 1 24417+ % wiA 2 Hsfo] NOS| 414
< oyl

NO 4. NO+= Griess reagent system<- o] $3}o] 24
Atk 2, NO 242 93] 2 T AN 50,12 e}
o] 96 well plate® 7] ¥ sulfanilamide €8 50 x13 A
7hstaL 2pgstel 108 FQF AlZollA uEbeAZ ). o]o]
A] N-1-napthylethylene diamine dihydrochloride (NED) £
A 50,1F H7eln Aabstol 103 Bk Al Lol T
A7 % 308 toll 540 nme) sl FAES 240
Rrh NOS| Ay ee EEAFTHE Bol ANkl
RT-PCR. 7} 9] 1% 10/ml®] A ¥ & 5-€] Trizol Reagent
(Life Technologies, USA)E- o]-&&}o] total RNAE 22&%
g} =, Trizol reagent 1 mlE- 7 }slo] A EE L34
713 Agol|A] 58 Eqk ubx] & chloroform 200 x1Z 4
7}ste] 13,500 rpmol| A 15% &<k YAl el slgle}. £
& ATHE Asto] AZE wbeZ F| T F%2 iso-
propyl alcohol 7}t & 13,500 rpmol| 4] 1082 E-o} ¢
Al E-g]sto] RNAE A 7FA1Z et RNA pellet-g DEPC ]
23t T HTE 848 75% EOH | mlZ A g & 27
FollA 7 =A]# reverse transcription sample @ AH-&3}9)
tl. ¢cDNA templateE thAto 2 3k PCR WF-2o|] A&-5
primer<= IL-1 /4 (sense: age tgt ggc age tac ctg tg, anti-
sense: get ctg ctt gtg agg tge tg), INOS (sense: gge acc gag
att gga gut cg, antisense: gec aga tgt ggg tet tec ag), GAPDH
(sense: tcc atg aca act ttg gea teg tgg, antisense: gtt get gtt
gaa gtc aca gga gac)o|™ 522, 382 o 375 bpE- Z+7ho)
target size 2 s}k Wh S8EL 20 47} HEE sl T
ethidium bromide= 3% 1.2% agarose gelol|A] A7)
&3t & UVDoc (UVltee, UK)ol| A a&s19] o).
Western Blot. 7} o+ W2 A ZA3} dof| 4] ZH7t ohul Al
sampleg H-2] 8l & 25 g8 SDS loading buffers} &7
90°Cofl 4] 5% E<t 7bdslar 12% SDS-polyacrylamide
geloll A71d53ldch. Geloll A E2i9 whw)d g PVDF
membraneol| transfers}-$3th. Membrane-S- 5% skim milk/
TBS-TZ 1417} 59k blocking 8+ % TBS-Tol] ¥ 4%l
anti-NF- ¢B p65 (Delta Biolabs, USA), anti-NF- xB p50
(Delta Biolabs, USA), anti-1 4B @ (Santa Cruz Biotechnol-
ogy, USA), anti-INOS (Santa Cruz Biotechnology, USA) =
+ anti-GAPDH (Lab Frontier, Korea)Z 14| 7F %9} incu-
bation ¥~ anti-rabbit Ig-horse radish peroxidase (Zymed,

T

USA) 23} 8}4) & o ECL (enhanced chemiluminescence
luminogram) reagent (Amersham, USA)E HF2A]71 &
x-ray filmol] exposure &}$3t}.

EAA 2. 23 E AL GraphPad Prizmé software® o] &
shod p<0.05Y Wl SAA Fof A (ttesyo] Age AA
3} 31, PCR 3! western blot 24 #}2] K412 gel/membrane
band scanning & UVIDocMW program-S- %3] band inten-
sity?] iulaz A AAskg

2 o}

DDBe] =54 vts] =4, Fig. 1A, 1B+ DDB X g]
F AW Vel AZAG A& 5 U cell lysate
oA FEEe AEAM Az Ry JEegio
DNA- binding subunitl p65+ cytosol#} nuclear?} A th#
EEA7F S Aslod positive controlql LPS X gef] o3t
NF- ¢B2] translocationg- o|&d <= 9igic}h. LPSY 7%
Azl = 147 ool 4143 Hh3-0] Aofu} A4
TSy nuclear W p659] E57F w4 Vel Ao w
AJ7ke|w], DDB A eli-ollAl & Al 24 il 527t A
o 2 E7) FA= 3L 3lo] DDBof 8] NF- (BS] £H4] o]
AA %= A ‘gzl'%\ﬂr(Fig. 1A, 1B). ¥, NF- B
(P50)9] AE W} 527} DDB 40 pg/miy-& A2t 2 x|
FEollA F YEH R Zrlelglon o U wxd
ko] LPS9t thzsle] 7h4dt Ayt fAEE Aoz
HE ] Y ek(Fig. 1B). 023t A} 7 DDBof 23
NF-(B7} 249 4 9492 A Aoz AT,
Y3k NF-¢B &A1 5ket dtAlE 14Bed] AIEA W 5%
£ gt A3} LPS A e] 1X7F 3 [4B7} degradation
ol AtA F27) YA & xE 9l on] DDB X ] Ao
© AEE0, 40 ug/ml)E A2 gk Foll A control#} A
gk dllel g Hich o|9k -2 Z 7= LPS 4l DDB X 2]
917t ¥ 1«B Z7}7} 2=l of basal |2 AE3] &
TE = AoZ AR 53] gkl 1,B] 4tHd
S7b7F A= ol ch(Fig. 10). 0] ¢} 2 A7 2 8¢ DDB
Al Al A zbo] 73 #3tol] wht 1B F7boll |3k NF- «B
9] B2A37)l o|Z5 ], ulela] NF-4B9] inactivation
ZA2 24 DDB7} 15U Ate] g Aojd 4 95
S AAJslar AcHFig. 1D). Fig. 1D NF- B 4] 319
Z 37 AA E]+= pro-inflammatory cytokine®! IL-1 32] w+
g o 5= RT-PCRg &3l #4413t Z 3} DDBef 9|dt <]
Sk AR IL-1 57 % SEX o AAH & A4
3L Qlet.

DDB2] NO A 1l iNOS w8 °lA] & 7. Fig 2A0]
Uhehd whsl 7o), DDB Al izol 4 NOS| ol l7} &
9 A7k €)%H 0% behgon], BE | Foli gglo
U 1219 24 holl ] 25§43 DS w3leh. o))
3 A5He 8 ARRT-PCR) o) Bhild 2 4] Wester



30 Seong Soo Joo, et al.

A. NF«B (p65) - 1H

801
'\/_Q\A

_/\/\,\H

0 L} L] L) \J L} L] L)
Cont LPS Veh D5 D10 D20 010
LPS-treated

Arbitrary unit
g

- a9 99 9P e | Cytoso!

- G G O T @ & | Nyclear

B. NF-xB (p50) - 1H
80

m L) L L} \J 1 L T
Cont LPS Veh D5 D10 D20 D40
LPS-treated

Arbitrary unit
g

- e W W W W W | Cytosol

- G5 e O W % W | Nuclear

- ey o> @& & @ @ |GAPDH

" KB1H

Arbitrary unit

Cont LPS Veh D5 D10 D20 D40

D. IL-18 (RT-PCR)

200+

LPS-treated \
- A e e e

1H

Arbitrary unit

B 9H

b 4 b L L

oH

0-
L R » % W % W | GAPDH Cont LPS Veh D5 D10 D20 D40

Arbitrary unit

IL-18
9| GAPDH

LPS-treated

Figure 1. Regulation of NF- 4 B and T B and inhibition of IL-1 8 exptession by DDB. Equal amounts of lysate (25 pg) extracted from
cytosol and nucleus was loaded for the detection of NF- B p65 (A), NF- ¢B p50 (B) and I «B (C), and the blot intensity was compared
between cytosol and nucleus. Gene expression of proinflammatory cytokine IL-1 /3 was analyzed by RT- PCR method as described in the
materials and methods (D). Cont: control (culture media), LPS: lipopoly-saccharide (5 2g/ml), Veh: vehicle (acetonitrille), D5: 5 g2g/ml DDB,
D10: 10 £g/ml DDB, D20: 20 eg/ml DDB, D40: 40 zzg/ml DDB. GAPDH was measured as the internal control. Data are presented as

mean T SD values (n=3). *P<(0.05 vs LPS.
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pro-inflammatory cytokine, neurotoxic factorg2] %17 ¢l
AeS § 55 AAS AXH22-24). whekA E dF
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Figure 2. NO assay and compari-
son of INOS expression in RT-
PCR and Western blot. NO concen-
tration was examined under Griess
reagent system by taking culture
media at 12 h and 24 h (A). INOS
was measured either by Western
blot (B) or RT-PCR pression at 24
h (C) and the intensity of the bands
was analyzed by UVIDoc. Cont:
control (culture medla), LPS: lipo-
polysaccharide (5 z£g/ml), Veh: ve-
hicle (acetonitrille), D5: 5 pg/ml
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