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Anti-inflammatory Properties of Meso-dihydroguaiaretic Acid in
Lipopolysaccharide-induced Macrophage
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Meso-dihydroguaiaretic acid (MDGA) is a medicinal herbal product isolated from the bark of Machilus thunbergii
Sieb. et Zucc. (Lauraceae). It exhibits a neuroprotective effect and also exerts cytotoxicity to certain cancer cells. In the
present study, we investigated whether or not MDGA inhibits inflammatory reaction through the inhibition of nitric
oxide (NO) generation. The results showed that MDGA (5~25 uM) inhibited 100 ng/ml lipopolysaccharide (LPS)-
induced NO generation in macrophage Raw 264.7 cells in a concentration-dependent manner. We also measured the
cytotoxic effects of MDGA on Raw 264.7 cells and found no evidence of cytotoxicity. The inhibition of NO generation
by MDGA was consistent with the inhibitory effect on the expression of inducible nitric oxide synthase (iNOS). In
addition, MDGA inhibited the LPS-induced gene expression of interleukin-1p (IL-1B) as well as tumor necrosis
factor-a. (TNF-a). The present results may provide that MDGA has anti-inflammatory properties through inhibition of
the toll-like receptors (TLRs) pathway, and suggest that MDGA can be used as an anti-inflammatory agent.
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lipopolysaccharide (LPS)Z ©]Fo]4 1t} (Ulevitch et al.,
2004). thAAIES] AlZEol= o]k B2 EAE A s}
o] &3} 3= toll-like receptor (TLR)ES Z+aL QJth
(Yun et al,, 2009). TLR family:= @A) 1370¢] E577} 84
A 9lem, o] F LPSE AT U= 841 TLR4
o]t} (Yun et al, 2009). TLR4ol| ¢Jaj4] LPS7} <214 &w
1 ob ] EAEe] A3 A Asdd 3gol o
oJuAl ®th (Moon and Pyo, 2007).
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TLR4 AT HGH Zol= MyD88 oA Al gy}
Hlo)EA Al A - 7HA] #Hgo] qith MyDss o|EA
A5 A2 TLR42] toll/interluekin-1 receptor (TIR) domain
I} MyD88°] A& 43} IL-1 receptor-associated kinase
(IRAK)S #7438} A7t} IRAKT tumor necrosis factor
receptor-associated factor 6 (TRAF6)S} HEAE o] Fo]
TRAF6E &4d3}ste] Asdds Uo7t} (Takeda and
Akira, 2004).

Nitric oxide (NO)= Ao~ P gz =
sl 24 EGAITITE o9t 2 NOE dAdske &
Z~7} nitric oxide synthase (NOS)©]Tt}. NOS+ neural NOS
(nNOS), endothelial NOS (eNOS), inducible NOS (iNOS)<2]
571 AT (Min et al,, 2009). ©] & nNOS2} eNOST A
Wlol] 3w Eo] A W NO9 && A%ow EX)
sHA ste] S ek 2R 98-S it 1Y
U LPSoll 98] FX=%+ iNOSE L-arginine2 citrulline
o2 A% NOE o= A4d3shA Hrt (Min et al,
2009). NO7} #Fow AP HH Fulels A
oju} 2, IS T A5 Aol =EFE A HH,

el Flel Wik iNose] 2 ¢
91T} (Min et al., 2009).
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Fig. 1. The structure of meso-dihydroguaiaretic acid (MDGA).

dihydroguaiaretic acid (MDGA)+
of os fFi¥e AAEA el U7 BoA=A
a7 Aot BaEJTE (Ma et al, 2005, Ma et al.,
2006). 18]35, MDGAE ¥§4-38} oS- 9|3 matrix
metalloproteinase A &¥7} R IEHSTH (Moon and
Jung, 2005; Moon and Jung, 2006). %<, MDGAT =]l
A A BIREA|E A v A5 deA miEE
21 prostaglandins D, (PGD,), leukotriene C; (LTC,)E A&
S 138 (Moon et al., 2008).

B AelA FahpellA EE]3 MDGAS ©]-8-3f]
Raw 264.7 Aol A 4l 535 A7-61%.2H, MDGA
o] MESES E% &l LSl ¢Jal] =% NO<| A%
A el il WskE 4] vlaekgith

glutamatel} staurosporine

ERET
M| ZHH2F

MDGA < Dr. Sang Hyun Sung (Seoul National University,
Seoul, Korea) 2.2 F-H I3 )T} (Ma et al., 2004, Fig. 1).
Raw 264.7 A32E 10% FBS, 100 U/ml penicillin, 100 pg/
ml streptomycin®] E©] %1 Dulbecco's modified Eagle's
medium®l| A Wi FEIGITE A EE 5% CO, WiY7]oNA Bl

Fatalet
Nitrite Assay

Raw 264.7 A3l 24 wellel ] MDGAE *2]&}aL LPS
(100 ng/ml)E 1821 &<t A2letilct. 5 Hs 539
Griess A]<F (1% sulfanilamide, 0.1% naphthylethylenedaiamine
dihydrochloride, 2.5% phosphoric acid)2} &&-5}], 10%83F

2g2-0 4 HE-gA]Z T} NaNO, standard curveE A8}
NO<2| A =S microplate reader (BioTek Instruments Inc.,
Winooski, VT, USA)Z ©]-&3 550 nmoll A A5}t

N=Z=Y

Raw 264.7 A1) 96 wello|l 4] MDGAE 17413} &<t
2]}tk EZ-Cytox kit (Daeil Lab., Seoul, Korea)E 10 pl
A dolFa1 [A7F F9F 37°CAlA vlFAIZ] £ microplate
readerE ©]-83t%] 450 nmel A FB =S SAsT

Reverse Transcriptase-Polymerase Chain Reaction
(RT-PCR)

Raw 264.7 M3Eol| 24 welloll 4] MDGAE *] €]}l LPS
(100 ng/mh)E 18717+ B<F A2 &}A T} Trizol Al FS
0]-83}9] total RNAE F%3}3Ith Total RNAT 1 pg @ =
%3l PreMix RT/PCR kit (Bioneer, Dagjeon, Korea)ZS
o]-g3sto] PCRE Fak3ith. o] W AR8-3h primer: iINOS
(sense) 5'-ATG GCT TGC CCC TGG AAG TTT CTC-3'; iNOS
(antisense) 5'-CCT CTG ATG GTG CCA TCG GGC ATC
TG-3"; IL-1B (sense) 5-CAG GATGAG GAC ATG AGC
ACC-3'; IL-1p (antisense) 5'-CTC TGC AGA CTC AAA CTC
CAC-3'; TNF-a (sense) 5-ATG AGC ACA GAA AGC ATG
ATC-3"; TNF-a (antisense) 5'-TAC AGG CTT GTC ACT CGA
ATT-3"; B-actin (sense) 5-GTG GGC CGC CCT AGG CAC
CAG-3'; B-actin (antisense) 5'-GGA GGA AGA GGA TGC
GGC AGT-3'9]aL, PCR< 94C, 5 min 5o 94°C, 45 sec;
56C, 45 sec ; 72°C, 1 mine 40 cycle =33} 72°C, 10 min
331tk PCR AHE-2 2% agarose geloll 4] EtBroll ]3|
2] o2 HAEITH

SHEM

ARAANE £ BFEAE AW, A
2]+ One-way ANOVA, Dunnett's testE ™-3tT}. P value”}
<0.059F <0.019] AE& FASH oz o7} glvkar k5
SRS

CHAIHIZEOA LPSO| olaf S=5 NO A0 210 MDGA
o oM &1t

A AEZF LPSE Q148H =9, o] & A|3E U] TLR4
o A Q1x|3}e], AE W Aladd o] A7k o] 3}
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Fig. 2. Effect of MDGA on LPS-induced NO productlon in
Raw 264.7 cells. Cells were plated at 1<10° cells/ml in 24 well
plates and stimulated with LPS (100 ng/ml) in the absence or
presence of MDGA (5 uM, 10 uM, and 25 pM) for 18 h. The
isolated supernatant analyzed for NO levels by Griess reaction.
Each 100 pl of culture supernatant was mixed with an equal
volume of Griess reagent. The culture supernatant incubated at
room temperature for 10 min. The absorbance at 550 nm was
measured by ELISA. The results are presented as the mean values
(£S.D) from three 1ndependent experiments, each performed in
triplicate ("P<0.05, " P<0.001).

Aol A MyD88 2]&4 ¢l ANaddo] A7|A Hal, o5
o] AE AF MAEAES WET (Yun et al, 2009).
= WA gAAMERE OELEM Raw 264.7 Al| 3ol A
MDGA7} LPSel| ¢J3] NO«] AWE AAE
A=A Akt NO«] BARAZFE S48 918t
Raw 264.7 A|3£ol|, MDGAE 717} 5, 10, 25 pMo] &%
A28kl 30% ¥, LPSE 100 ngml®] HL=2 A28t
o 18217 wiFslith AF A¥}, Raw 264.7 A Lol A
LPS Azlol <J&l 036 uMollA] 11.56 pME NO<] <]
S7HAS 0 7t AUk T3 MDGAS olF 5
5,10, 25 pMell 28l 212} 9.90, 6.86, 1.32 uM7HA] &=
A0 2 NO9| Aol Folue Ze E1E & 3l
o} (Fig. 2). ol2gk A+ ZA¥= MDGA7} th 2] Aol A
LPSol| 98 fmEE Aadd B #esle] F=

32 1o in

oJEA R AT /=] NOE Adt = Ae B
ot
MDGA2| M=Z=d &}

MDGA®I| 2]%F NO A/ g 2] 7Ha7}t AlaEsAdel] o gk

Al o] 72t dRleld=A] Ejlsy] sl A2 A
E5 23S 1Pl Raw 264.7 A Fo] MDGAZ
5,10, 25 yMZ A g3sle], NO A H 54} 5U3 =4
O 18A1ZF wiFsiT) - Fstn S o] &3k
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Fig. 3. Effect of MDGA on viability of Raw 264.7 cells. Cells
were treated with MDGA (5 uM, 10 uM, and 25 uM) for 18 h.
(A) Cell morphology was observed under an optical microscope.
a: Control, b: 5 pM MDGA, c: 10 uM MDGA, d: 25 uM MDGA.
(B) Cell viability was examined by EZ-Cytox kit. The results were
expressed as percentage of surviving cells relative to control cells.

Azl dejek YEES ST 23 MDGAS] A 2Et
AETT A2|eHA] 9 Al A
& o fY (Fig. 3A). A3keHAQl WS o83 Ez
Cytox kitell ©J3f Al YEES &<l &
& MDGA 5, 10, 25 pM A 2|3k Aedloll A gHashA|
152 SRS (Fig 3B). ol ANAE o8 Fe
Hom wae Azsh QAL ofelet AT AnEL
MDGAZ} Aol A Al BAL
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I3, WS Al=gl Foll F23 93-S s Hr} (Oh
et al., 2008). 18] 22 WA LPSo| ol& F=% iNOS
Az G| Wels BAselth 1 A¥ MDGAS
5, 10, 25 uM A 2] gt Aol A iNOS F7AF 2 o]
77} 11, 32, 65%7F rAadhs g1kl (Fig. 4A). LPS
o 93] F=¥E TLR4 A& HES F3 NF«xB7F &
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Fig. 4. Effect of MDGA on the LPS-induced expression of
iNOS, TNF-a and IL-1f in Raw 264.7 cells. Cells were plated at
11X 106 cells/ml, stimulated with LPS (100 ng/ml) in the absence
or presence of MDGA (5 uM, 10 puM, and 25 uM) for 18 h.
Total RNA (1 pg) was prepared and analyzed by RT-PCR as
described in Materials and methods. RT-PCR performed for
iNOS (A), TNF-a (B), IL-1B (C) and B-actin expression. The
B-actin gene was used for normalization and relative activities
were quantified by scanning densitometry, with the shown
values representing the mean £ SD of three different assays.
("P<0.001).

(Yun et al,, 2009). 2% 7] w&oll, TNF-09} IL-182] %12}
ol 9lo] MDGAS a5 913 Ay}, MDGATE
TNFaTrXJXH Bl—'&]al:g E o]ZXJOi 71/\/\]¢lo
™ (Fig. 4B), IL-1p F-A A} T A= MDGA 93l &
L o]EAQ] Ao AdE ER1E 4 AT (Fig. 40).
o]5¢] ZAil= MDGA”} LPSol| <& F:H+= pro-
inflammatory cytokine ©-2 4% iNOS, IL-1p$} TNF-0.2]
A AAE FE FT ksl vEhdE &
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iNOS mRNA9] A& B3 NO2| Arks AAe= a3
£ &Qlslsict & LPSell 93] f =%+ pro-inflammatory
cytokine$! IL-18 mRNAS} TNF-a mRNA2| @& ©f
At AS F2lsH Y. Z Moon et al> MDGA”}
=50l Al SHAE BIRkA| el A thE 1 wiiE A 7
Z} COX-29} 5-LOXel 23] WA T = PGD,, LTC,E <
A ghe BT (Moon et al,, 2008). o] o Az}l
7 MDGA7} §15 B e Aol A=A =ZA 7|
bl es ovlsit) o AF AnE E3)
MDGA7} tHA A Eo| A TLR AlZdAde] o8 xd¥+=
A5 RO FutE s Bl 2, BE

o A7) 7HA AT AWES ASAZA AHSE
A= 7Fs S AASHAIRE MDGA®] ©] 8k Raw 264.7 Al
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Sung (Seoul National University, Seoul, Korea)} Dr. Seung
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