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Inhibitory Effects of Piperine on the Production of Nitric Oxide,
Interleukin-10 and Interleukine-12 in Murine Peritoneal Macrophages

Gi Sang Bae, Ju Sung Lee', Kang Keyng Sung', Sung Joo Park*

Department of Herbology, 1: Department of Circulatory Internal Medicine, College of Oriental Medicine, Wonkwang University

The purpose of this study was to investigate the anti-inflammatory effects and cellular mechanism of piperine on
murine peritoneal macrophages. To evaluate the effects of piperine, we examined the production of nitric oxide (NO),
interleukin (IL)-10 and IL-12. To investigate inhibitory mechanism of piperine, we examined the MAPKs and lk-Ba in
murine peritoneal macrophages. Piperine itself does not have any cytotoxic effect and reduced lipopolysaccharid (LPS),
Poly(l:C), CpG-ODN -induced production of NO, IL-10 and IL-12 in peritoneal macrophages. Piperine inhibited the
activation of extracelluar signal-regulated kinase (ERK 1/2) and c¢-Jun NH2-terminal kinase (JNK 1/2) not the activation
of p38 and the degradation of inhibitory kappa B a (Ik-Ba) in the LPS-stimulated murine peritoneal macrophages.In
conclusion, Piperine down-regulated LPS-induced production of NO, IL-10 and IL-12, which could prowde a clinical

basis for anti-inflammatory properties of piperine.
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Piperine® £33} (Piperaceae)o] <3} black pepper(Piper
nigrum) and long pepper (Piper longum), %2, Egt (Piper
longum Linn)T} O] 2 259 FHEOZ GIHEE] AY
Al EOE AISEH gE gmojory. s e geexw,
VHSZANE, SUEHA, HAREAL S ZA Bo] guix
Ay, S DH7 2 lipopolysaccharid (LPS)2.& 83} nitric
(NO)$} tumor necrosis factor-a (TNF-a)Z A|5l] 3led
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He Aslg op|gr 4 UL Lo} endotoxin shockd} 22 =
A8 W BArge oIy W] HESEAAY g5 v
S ¢ B9 e g48olrt.

EEUNSES EM31E HANZ 98 ot gye H
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NO= =2 2234 & 7K 4A WY EAEMN, NO synthase

(NOS)oll 9J3l L-arginine Q2 2E] MHELY. NOE AAME,
gl ol W AE MY BeluiSe] Bolsksn, S5 tiAl
MZ7} lipopolysaccharide (LPS)E AF=E w] inducible NOS
(iNOS) } UBE o] NOg B45H Erf™. olgA M4E NO
= g&itee miske dge oA ok

S 843lE Al A EAAE interleukin (IL)-1b, IL-6,
IL-10, IL-12° @} TNF-a® Z2 pro-inflammatory cytokinei}t
prostaglandin E2 (PGE2) & 84¥51A A By 102 HH
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ofefl zlzlgle] TLRE ZIFIEE RLESH thald 29 43l
& AAcks §E @SR LPS (TLRY), Poly(I:C) (TLR3),
CpG-ODN (TLR9)Z A}Z5l0d NO, HYUEA o] E710)(IL-10,
IL-12)9] &g UE51H 2L, mitogen-activated protein kinases
(MAPKs) familyQl extracelluar signal-regulated kinase (ERK
1/2), c-Jun NH2-terminal kinase (JNK) & p380] 0|}l Q&S

ZEAIBIRTE 8t inhibitory kappa - Ba (Ik-Ba)E FARSISIC.

AR 2wy
1. AJeF

THE 2 sigma aldrichol Al FU5KHEE Fetal bovine
serum(FBS), RPMI-1640, penicillin-streptomycinE2] AT ik
& AlFEE Gibco BRL (Grand Island, USA)AoflA] vRQFR=
Corning(Rochester,USA)A}oll ] FUGIGACE AE o] AN A
F & HEPES, sodium dodesyl sulfate(SDS), acrylamide,
bisacrylamide, LPS, Tris-HCl & SIGMA(St. Louis, USA)A}of)
A FUEIgion, Aol AFEE |01 anti-phospo-ERK1/2,
anti-phospo-p38, anti-Ik-Ba, anti-phospo-]JNK= Cell signaling
Aloll A B anti-mouse IL-10, TL-12 antibodies, #) %8}
IL-10, IL-12& R & D Systems (Minneapolis, MN, USA)ol| 4]
T Aol AIBF BE Aok BUE EF01L0F A}
g3t

2. MIT B4

572 AN 2] EE2 UHANZY | EEE|0) Bea
Faol ool A formazan YHEF Hike MITEES v}
BoE MITEMYORE SEJCE Tds] AEsi x4
She A ZE2 RPMI-164050 1014 2 x 10°/wellQ] @
SIL, otd VI sk & AETDE XZIBIict 44170
P 1 mg/mio) T2 Wk YaiA MITEHS
TRA] 2417} B9 vHYSIICE. MTT-formazan 284 &
S0 o &EA(0% nn-dimethylformamideS
20% SDS 89 (pH 47/ Hrigtozn S8t 181
A 244178 EQF WHEIATE formazan®] QF2 540 nmo
HE &g EFeoEA AFACL
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3. YArEEl A (Nitric Oxide) 59 &5

NOZJ 7180l L-o71H 2 LAIEZE T} dAlea A5 Hs)
O

CIEIF7)-1034 Q1B R70-129] A F3}

Ch 212 A19F (Griess reagent: 0.5%9] AHihdon| =, 25%9) ¢1
AHE 05%8] Lz Eol|gRlo)E oty Slst vksdio] |
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o], olAEe sLEERE ol 5L & SFolo] 540
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4. Cytokine (IL-10, IL-12) &7

LPS (500 ng/ml), Poly(I.C) (50 mg/ml), CpG-ODN (10
mg/m)E £z il MEE A=ol] A alEdg K0s
& Ael 3Tt Pro-inflammatory cytokine®] @EEmi7iEE
Aol mixle k=9 FAE ABS] S LPS (5
ng/ml), Poly(I:C) (50 mg/ml), CpG-ODN (10 mg/mi)Z A=t
T UAIL F olE EEMNEES HE JEYHolA] ELISAHS =

BB
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5. Western blot analysis

27} thal M ZE 60 mm culture disho] 5 x 10° cells/mlT
HNZE wLSHL serum free media(RPMI 1640)C5% 124]17F
starvation A17! & IHT (10 mM)QZ AAZ] 3HL 1A17F Hol
LPS (500 ng/ml), Poly(I:C) (50 mg/ml), CpG-ODN (10 mg/mi)
2 A=351d cold PBSZE 33] MASE & AIZHEE(, 15, 30, 60
min) cellE harvestdl] celle @ FH MEE](5000 rpm , 5
min) 3l T Z4FENE WAL cell pelletE AT CLlysis
buffer(lysis buffer 1 ml + phosphotase inhibitor 10 »4¢ + protase
inhibitor 10 40)& Hol TAE lysis AJAHA] YAIEE)(15, 000
rpm , 20 min)St A7A7|E 7IEHRS] AL YA JEBIict. &
Yokl TS WS HTENE 2ol ol 42 TS T 4
£& 10% SDS-PAGEC] H7jg& of & WElo] 7111 LA
5% skim milkE 2 hrs blocking 3IiCh ERK, p38, JNK&
phosphorylation®} 1k-Bag ECL detection €% (Amersham)&
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C57BL/6 6578 YA E 2EIAEN TSI AIE3ISct
7. BARAE]

A Ano] thgh EARATE students’ t-testo] 519

p-value7}t 0.05 1|2H AL FIst AOE 6%

2 %

1 D] B2 chalM 2ol thel =4
e MEERYol] ol YoleEr] 948k murine
peritoneal macrophageol] THEIE &k AEFOE Heldkd
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Fig. 1. The effect of Piperine on cytotoxity on murine peritoneal
macrophages. Murine peritoneal macrophages were incubated with piperine at
indicated dose. After 24 hrs, The cell viability was measured by MTT assay as
described in materials and methods. Data are means of three independent
experimentP ¢ 0.05 vs. saline treatment.
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Fig. 2. Inhibition of LPS, Poly(l:C), CpG-ODN-induced NO
production by piperine. The cells were treated with piperine at indicated
concentration for 1 hr, and then incubated with or without LPS, Poly(1:C),CpG-ODN
for 24 hrs. NO release was measured by the method of Griess. *P ¢ 005 vs. saline
treatment: ¥ P ¢ 005 vs, stimulator(LPS/Poly(-C)/CpG-ODN) treatment alone.
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Fig. 3. Effect of piperine on the productions of iL-10, IL-12 in murine
peritoneal macrophages. The cells were pre-treated piperine at indicated
concentrations for 1 h, and then incubated with or without LPS, Poly(:C),
CpG-ODN for 24 hrs.  Detail methods were described Materials and Methods.*P ¢
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Fig. 4. Effects of Piperine on the expression of k-Ba degradation
and MAP kinase activity in murine peritoneal macrophages. The cells
were pre-treated with piperine at indicated concentrations for 1h, and then
incubated with LPS, Poly(:C), CpG-ODN for indicated time. Detail methods were
described Materials and Methods.
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