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Abstract |

Macrophages play an important role in inducing inflammation by producing inflammatory cytokines
such as tumor necrosis factor (TNF)-a, interleukin (IL)-1f, IL-6 and reactive free radical nitric oxide
(NO). Inflammation is protective response against invading microorganisms, but, when deregulated, it
can lead to inflammatory diseases. In this study, we evaluated the effect of korean royal jelly on the
production of inflammatory mediators such as TNF-a, IL-1p, IL-6, NO and activity of nuclear factor
(NF)-kB. Peritoneal macrophages were isolated from thioglycollate medium-injected mice and cultured
with lipopolysaccharide (LPS) in the presence of korean royal jelly (20, 50, 100ug/ml). Korean royal
jelly decreased expression of TNF-a, IL-1, IL-6 in LPS-stimulated macrophages. In particular, TNF-a.
and IL-1p levels were reduced in a concentration-dependent manner and TNF-a level was also
significantly reduced. Korean royal jelly also decreased LPS-stimulated NO production in a
concentration-dependent manner and inhibited the activity of NF-xB. Together, we demonstrate that
korean royal jelly has anti-inflammatory effects through inhibition of TNF-a,, IL-1p, IL-6, NO production
and NF-kB activity.
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tumor necrosis factor (TNF)-c., interleukin (IL)-13, IL-6 -5
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AN ol A= 134 & = TNF-a7} '3 ¥ 11, o]
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AZHF-2-S ST (Ceciliani et al., 2002). E5F, LPS
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acid(10-HDA)2} 2 42| o] chul 3] 4 & F i f2s
Z} A 3}+= Major Royal Jelly Protein(MRJP)©]| $J T}
(Schmitzova et al., 1998; Weaver and Law, 1960). X =7}
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= I %, ZF Al Ao B = 10% fetal
bovine serum(Hyclone Laboratories, Logan, Utah, USA),
2mmol/L. glutamine(Hyclone Laboratories, Logan, Utah,
USA), 100mg/L penicillin-streptomycin(Hyclone Labora-
tories, Logan, Utah, USA)E- & 7|3 RPMI 16405 ©|-&-
slo] 3148+ %, 37°C, 5% CO, A|3E vl k7] ol A] v ok
s}t

A7l &7

Ha|st B7) T A A 32E 96-well plateo]] 2} well - 1
x 10% cells/ul 2 seeding@t &, 1ug/ml LPS(Sigma-
Aldrich, St. Louis, MO, USA)2} 5= A 24
2] 5 A 2|sto] 2447k 5¢t 37°Col A Bl ket vl
oFolof AJA % TNF-a, IL-1B, IL-62] %2 DuoSet
sandwich ELISA mouse kit(R&D system, Mckinley place
NE,USA)E o]-g-ato] 2455},

Nitric oxide &%

Ha]gk B tf & A 325 96-well plateo]] 2} well T 1
X 10° cells/ul 2 seeding@t &, lug/ml LPS &} U4k 2
AAle] HEE 2 27} 225 5 72417 52 37°C
A v st A 50ul-2 96-well plateo]] 7] 3L
Griess reagent(Sigma—Aldrich St. Louis, MO, USA) 50ul
£ it + oJyjo]l F34= 540nmol| 4 ELISA
reader(VERSAMAXSL—ZO Molecular Devices, Korea)=
ol g-3ko] ZA3keict.

NF-xB luciferase reporter gene assay

B gt B7) t 2 A 32E 24-well plateo]] Z} well -2
X 10° cells/ml & seeding@} <, Dual luciferase reporter assay
system ©. & promoter activity S =% 5} % t}. Lipofecta-
mineTM 2000 reagent(Invitrogen, Carlsbad, CA, USA)E A}
f-51od AL of| A FE] pNF-«kB-luciferase (Stratagene, La
Jolla, CA, USA) 1mg/ml, pRL-SV plasmid (Promega,
Madison, WI, USA) 20ng-2 transient transfect$t & 1ug/ml
LPS&} U4k = EA 2|5 s H® A 2|5kl 16A]7F
¢ 37°Col| A ]| F3} 37 luminometer (Labsystems,
Fluoroskan Ascent, FL, USA) 2 =435} t}.
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Science) version 210 3 & 77 2(SPSS Inc. Chicago, IL,
USA)E o] §3fe] EAlsleich mE 5% 59| 2
= Bt £ #EF=HAHmean +SD) = FA| S AT
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FS 2h1sh7] el up--2 BAFol Al tf Al A
o] LPSe} &7 247] o2 5= o] =4t
iﬁ Elﬁh TNF-o, IL-18, IL-69] W&
7 tAA O Tug/ml LPSE A 2] 3F
7% LPS xma 8}2] o2 o 2kl )3l TNF-o=
oF 131, IL-1B2}F IL-6+= 2F 4vlf &= & =Fo] F7}a}
% THFig. 1). LPS= TLR4o] 2J3)] AN 25 &3}
A7) 0 24 TNF-a, IL-1B, [L-68} Z+o- 124 Ao B
7S etk ar &l A 9l7] o= ol (Hopkins,
2003), o] AaHE F3l E7F tf A4 22 7F LPSe] &3]
A5 A= k= AS ERIE 5= )l &7
tf A Az o 1ug/ml LPSe} 9+ W4 2 A2 &
77120, 50, 100ug/ml 5= 2 % 2]5}9-2 w TNF-a.9}
IL-1fe 5% &40 & wrao] 7hastelnt 53],
100ug/ml 2] ‘5= o A TNF-oi= LPSTF % 2] §F o o v]
75% &l o] ZhAsE L, IL-182] L& 58% 7438}
HhFig. 1). IL-69] 7 =4k 2G4 2] 20ug/ml 5
Lo A= LPSYE A 2]k L3k 2po] 7F gLl A uk,
50ug/mie} 100ug/miofl A= LPSYF A 25k < thH] 2t
7} 20,34% -3 o] 7F 431 ThFig. ).
o] A2 Ak 2 A |7} 50ug/ml 0] &
Lol A LPSOl 93 =¥ 5/ Aol E7FRIR]
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Fig. 1. Effects of korean royal jelly on production of pro-
inflammatory cytokines from peritoneal macrophages
stimulated with lipopolysaccharides (LPS). Cells (1 x 10°
cells/ul) were incubated for 24h with various concentrations
of korean royal jelly in the presence or absence of 1ug/ml
LPS or absence. The levels of tumor necrosis factor (TNF)-ou
(A), interleukin (IL)-1p (B), and IL-6 (C) were determined by
ELISA. All data were shown as mean=+SD (n=5). Means
with different letters are significantly different (P{0.05) by
Duncan's multiple range test.

e AS vetdigloh Sk 2 488 = LPSe}
Interferon (IFN)-yo]] )3} -4 315 o A1 4| 20| 4] &
%= TNF-o, IL-6, IL-19] A& aata oz oA

Th= AR A5 A7 B E QA 294 2] 9] -
/\é}\é'}f‘_‘ MRIP3& TNF—(X.—J A _‘%_ O_'—] ﬂ-s—]_'l__ PR

Z5|0Het SA AT A | IP163.%

© 2 AJA3}9 tHKohno et al., 2004). MRIP= 49~87
kDao] Ex% & 7[R = oAl EH o thul 2
(MRIP1~5) 0. 2 LA Bl =1 71 & 2F 70 kDa2] =7]
£ 7}A]= MRJP3+= in vitro Aol A T A| 222 TL-2, 114,
IEN-©] WS oI5 mhe ol 4 Q215 §
WS IgEe] 413 S o Alsh 5 AT el ofue}
%.gmiofo] o] 2t AvkHQl Wojol4] 7|4 Hol
o ﬁgi OPEW 91EHOkamoto ef al., 2003). E3t, &2
Ho] |0-HDAE LPSo| o]a) 243t

AAEERAW2AIA 015 IL6%
oA o7 AA|gttt= W17} ¢JtKSugiyama er al.,
2012b). o| = H} 0 2 LA 2 A E] 9] TNF-o, IL-

it

= Ak
IL-1B, IL-69] &8-S B AAISFRAA| T 21 F-ofl A
TNF-o2HL-1p5 1 &t AR A o= e T
TNF-o2}IL-1p= IL E} S @2 2d4e] s
(20ug/rrﬂ)°1W$E1 HFE o] 7HAE] o] 100ug/ml 5 E 0
A= LPSut & 23k ot tfju] Awt o] A} vk o] kA
S, TNF-a.2] 79 dawfo] 75%7HA] a5}

Sk ol FAF 2t 4% whs-2) A% 9)
o 7V 228 AT 51 TNFaZ 6% 45 o
Alstel, GHUS-2 AUH O 2 T 5 932 A
AFRFEL LPS 2} -2 ko] Aol whgstel of
AAEA A 7] 9% W02 TNFaZ U5
T, INEat fAHZE 62 BYshA 45 uhs

S S A Z1tR(Waters et al., 2013). -4 3} T 2] A2

£ 1 FIL1pE TdsH=d 0|31 TNF-o % IL-18
Atalol &)ste] B2 2Hd 3} Eth(Moller and Villiger,
2006). 3711 9] Abol =7} 5 mhA[Ef O 2 Wl B = IL-
6= LPS= =& TNF-a2} IL-18o] oJaf Walo] 57}
SFAIRE, IL-6 A4l th2 H5A4 Aol E7FQ1e] U
o A SHcH(Ceciliani ez al., 2002). ]2} Z+o] TNF-o.2}
IL-1B= H5& AASEAL St A 7] = e 517] o

l

mlo

ol FrE & A g2 ArrE g de 9 9 d
%, g=stolmHy, thiy A3tk 5 ohde dBS
545} (Moller and Villiger, 2006), ©] &3 924 2
kS 7] 918l TNF-afHIL-1B 2] W& 28 dh= A
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o] Z 251 ol A\ 31 Qlek. Fjak 2P A o] i
A @54 Aol =rtel A A5 ool
anbA9l 9% el 22 ALEE 5 92 Aol

R

ZoiEa)7} LPSo|l ool X2 E7 AN
NO 4y4oll Ojxl= ¥

Suial 227 454 Al =71 TNF-a, IL-
1B, IL-62] A& of v|2= F&& A2 7, E st
o] Fa3F 45 millEE el NO2 I o mjx]= <
e AR diA A E] o8 A== NO=
O Alat, vhol#| &, 71485 54 Aol Hiet o
71de2 S8 Js kAR HtEshA A
NO= A/ 22 7HA] wh3|ste] A7hi o Bl vy o

s

A2 shA] g2 B Hi A Al 2o A= A 3] W2 NO
A& Hol= RH, lug/ml LPSE A 2]t ol M=

11817+ A A NO AY/d o] Z-7}5} 9 ch(Fig.
2). BH LPSe} A 2 A 2] 5 242} 20,50, 100ug/ml

2]t wtofl Bjs NO A
o] 27} 23,37, 65% 7453 CHFig. 2). 0|2 E3
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Fig. 2. Effects of korean royal jelly on nitric oxide (NO) production
from peritoneal macrophages stimulated with lipopolysacc-
harides (LPS). Cells (1 X 10° cells/ul) were incubated for 72 h
with various concentrations of korean royal jelly in the
presence or absence of 1ug/ml LPS or absence. The level of
NO was determined in culture supernatant by Griess reagent.
All data were shown as mean+SD (n=5). Means with
different letters are significantly different (P<0.05) by
Duncan's multiple range test.

U4t 2EA 7L LPS 2 S ST o A Ao A
BRE=NOE = EA 08 A AXIth= A&
HolF=iot.

NO: L-arginine} O, 2 HE] 3712 NOS B2 & 4
o 9J3) g4 =+=d|, 1 % neuronal NOS(nNOS)2}
endothelial NOS(eNOS)+= H21 & Q] LA Q4= Zr¢
ojexel 4 SAG Mol W, INOSE 243}
S9407 454 AolEvtel 9 LPse] Ko o
off A} <=l A 21 24 o] 2278 I th(Nathan and Xie,
1994). T35}, nNOS2} eNOS©of 93] A E=NO= &
o) AP 97 S| 275 e W 288 Faha)
o] 1], Th A Aol A e s iNOSe] ] 44
H3= NO 9153} 7Hlofl ol sheh (MacMicking er
al.,1997). o] &} predsto] 2 G- 2] o] A 5 10-HDA
7} LPSS} NG 4-Fo] 215} 2718l iNOSe] §21
SRS )4 510] NO A4S P ATk AT
7} @) tK(Sugiyama ef al., 2013). T3}, 10-HDA 7} IFN-y
Z}=ko]| 9] 3f 3-I= 5 interferon regulatory factor(IRF)-81}
TNF-o. A48 2JA|5}e] iNOS 4137} NO A2 7
A Z T A AT H 15 @l tH(Takahashi ef al.,
2012). o] & HiF o= U4l 2 A4 2] o) NO A/d 2
2% A FE4Q] 10-HDAS] iNOS & Ao 2Jgh
Akl AR

2@Wa|7t LPSo| ofsl X} 7 AN Zojlq
U4 NOHZ 2T NF-KB LHEFo| OjX| oY

nhx|uko 2 S AF 29 AE o] G Aol Evtel
TNF-ot, IL-1B, IL62] 4l ©15|2} NO Al 7o) o
3 1A Shels|iy] S15) FUAF =LA 7} NE-
kBO| 2ol 1] x| 4= ol o) A 2 oke}. LPSe]
O] A7) L e o] Bk th A ZA A
° NF«B9 &AS R A X4, lug/ml LPSE A 2|sh
o whe} Tz thu] 4uf 2Ho] Z7hakAickFig. 3.
LPSO} 97 4 2 el S 97 Hele A
20ug/ml 5] A= LPSTF % 2] o] u]a] 24 9]
#3k7k 9194412, 50, 100ug/ml -1 o] 4= LPSTE 4
2]t 2 oifv] NEcBO) 2H4o] 22} 29,45% 743t
tHFig. 3). NF-kB] 242 TNF-a,, IL-1B, IL-69} 22
A% Aol E7hel, WA, AR, A elA 2
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Fig. 3. Effects of korean royal jelly on nuclear factor kB (NF-kB)
activation from peritoneal macrophages stimulated with
lipopolysaccharides (LPS). Cells (2 X 10° cells/ml) were incu-
bated for 16 h with various concentrations of korean royal
jelly in the presence or absence of 1ug/ml LPS or absence.
The NF-kB activity was determined by luminometer. All data
were shown as mean=+ SD (n=5). Means with different letters
are significantly different (P{0.05) according to Duncan's
multiple range test.

SlEl= Ao 2 oFaf A @)th(Hanada and Yoshimura,
2002). LR 22 Al 2 G- 2] 7E LPSe| o) 2
518 NFABE JAlsHs Alo] % uho] F4149
%A 7]4o]al o] £ TNF-o, IL-1p, IL-6 & 2
NO A4 ] 7o) = Qa8 1] 2 Ao AmHr,
ole} FAs}o] 10-HDAT] o] 4] 4] 25 RAW264)]
A| LPSof| oJsff 243t NFxkBE &= o]EX o=
ZraA7Iths B2} 91, o)t NFxBe] 3135H)
9} AFG 2H8-51= inhibitor of NF-xB (IkB)-C2] &4
AA| ko] o] Fo] X Tfal K a1 = Itk (Sugiyama ef al.,
2012b). T3}, kB-L 9} NF-kB B34 = 11-69] 12
= 5h=T 10-HDA=1kB-C ©] 25 2] A|5to] IL-6
O] WS TrAA]ZItkal B a1 E] ¢l th(Sugiyama et al.,
2012b). E3F 10-HDAZ} LPSS} IEN-Bof| ]3] 24 3}
) NFxBE 4517 oA B2, TNFao] A4S
o1 5}o] TNF-o] ]3] €4 5= NFcB = )73
31 o] &= 213 iNOS 2] -2 & 9 NO2| 442 <

O

(S

d

A gkchal B 3151 t(Sugiyama et al., 2013). o] & B &
2 FYA 8- 9] 54 Aol E71}] TNF-a,

IL-1B, IL-6 & 2 NO A4S A= 3T 8
TH= 10-HDA ] NF-kB 24 A7} 41 4 Q] 8-
sl Ao g AlRE L Teu 2G99 dEA4 A}
o] E7}0] TNF-ai, IL-1B, IL-65 A A| 5= A Hof = A]
H2K<5 kDa)2} T EAH>30 kDa) B2 o] 8H74| LA =

=

o] glth= B o] wheh(Kohno ef al., 2004), A E-2
Z1¢1 10-HDA 1 ofu 2} 1154} =2Q1 MRIP39} 2+
o 12 o] LA AREE A=A Afo|E7}olo)

= AAlsk=dl +

-

N

& 23 e she Ao R A
ot

2 A= Fli4l 27 LPSe| o8l &3}
) )| o A B E| = TNFo, IL-1, IL-69} NO
A4 9 NFB 29 B2 02 o8 AlAe)
itk S8, St 2R A% wgol olA
a41719] of3hE sHe TNFoS 45 elAshale
B2, INFo7h §3shs 9 8%, fotels 3d e,
thid Asks o A2 vheke A5 Aeks A
x o2 peleiin] B89 4 98 Ao ArHr)
gt A A A BBl TNFaz} of 23] 55
Foluh dAa -2 9 7o 54 Aeht dA et
11 X 115 Q) 7] of|(Kasraie and Werfel, 2013), =-UjAF =2
A= A AL O] FF5A Aol =7l o W
ABHe 713 9% ko) o] 8 o) W A7l E =
52 E TS Aol ARHT

H AL [PSE A== B7F A x2S 0] 83}
of w4 =B ] A2 ot S adE Lot
17| 9)8) TNF-a, IL-1B, IL-62} NO 2] 1& 2 NF«B
g4 o] W3tE v, Baetg] o 1 At oSt
At

D=yt 2EAE] Hele LPSE AH=H 27 4

AL 329] TNF-a.2} IL-189] &3l & 5= oj&4
o2 AA|5HAL, IL-69] a2 S0ug/ml o]/
A maapE o2 A5kt 53], TNF-ag 45}
Al A A5} e

Z8|CHet i A WA | IP: 163.%%%,175.63 | Accessed 2018/08/30 12:52(KST)



Korean Jouwrnal qf ﬂyicu[ture

2) mUAr P A2l LPSE A% 574 o
AAEZSINO S 55 &2 02 oAeks
ot

3) A 2EA ] A2l LPSE AF=g 274 o
A M| 3Eo A NF-kB 48 50ug/ml oAt A &
Ao & A5k

BIE LERH -

A2l 2

2 A7e 5% A ko] e TR @EA W
PJ0090662013)°] 23] 2] 21| 91t

o] 2
o

—

ol

MO

Akira, S., S. Uematsu and O. Takeuchi. 2006. Pathogen
recognition and innate immunity. Cell. 124: 783-801.

Andreakos, E., B. Foxwell and M. Feldmann. 2004. Is targeting
Toll-like receptors and their signaling pathway a useful
therapeutic approach to modulating cytokine-driven
inflammation? Immunological reviews. 202: 250-265.

Ceciliani, F., A. Giordano and V. Spagnolo. 2002. The systemic
reaction during inflammation: the acute-phase proteins.
Protein and peptide letters. 9: 211-223.

Hanada, T. and A. Yoshimura. 2002. Regulation of cytokine
signaling and inflammation. Cytokine & growth factor
reviews. 13: 413-421.

Hopkins, S.J. 2003. The pathophysiological role of cytokines.
Leg Med (Tokyo). 5 Suppl 1: S45-57.

Kasraie, S. and T. Werfel. 2013. Role of macrophages in the
pathogenesis of atopic dermatitis. Mediators of inflam-
mation. 2013: 942375.

Kohno, K., I. Okamoto, O. Sano, N. Arai, K. Iwaki, M. Ikeda and
M. Kurimoto. 2004. Royal jelly inhibits the production of
proinflammatory cytokines by activated macrophages.
Bioscience, biotechnology, and biochemistry. 68: 138-

145.

Li, X., C. Huang and Y. Xue. 2013. Contribution of lipids in
honeybee (Apis mellifera) royal jelly to health. Journal of
medicinal food. 16: 96-102.

MacMicking, J., Q.W. Xie and C. Nathan. 1997. Nitric oxide and
macrophage function. Annual review of immunology.
15: 323-350.

Moller, B. and P.M. Villiger. 2006. Inhibition of IL-1, IL-6, and
TNF-alpha in immune-mediated inflammatory diseases.
Springer seminars in immunopathology. 27: 391-408.

Nathan, C. and Q.W. Xie. 1994. Regulation of biosynthesis of
nitric oxide. The Journal of biological chemistry. 269:
13725-13728.

Okamoto, ., Y. Taniguchi, T. Kunikata, K. Kohno, K. Iwaki, M.
Ikeda and M. Kurimoto. 2003. Major royal jelly protein 3
modulates immune responses in vitro and in vivo. Life
sciences. 73: 2029-2045.

Schmitzova, J., J. Klaudiny, S. Albert, W. Schroder, W.
Schreckengost, J. Hanes, J. Judova and J. Simuth. 1998.
A family of major royal jelly proteins of the honeybee
Apis mellifera L. Cellular and molecular life sciences :
CMLS. 54: 1020-1030.

Sugiyama, T., K. Takahashi, A. Kuzumaki, S. Tokoro, P. Neri
and H. Mori. 2013. Inhibitory mechanism of 10-hydroxy-
trans-2-decenoic acid (royal jelly acid) against lipopoly-
saccharide- and interferon-beta-induced nitric oxide
production. Inflammation. 36: 372-378.

Sugiyama, T., K. Takahashi and H. Mori. 2012a. Royal jelly acid,
10-hydroxy-trans-2-decenoic acid, as a modulator of the
innate immune responses. Endocrine, metabolic &
immune disorders drug targets. 12: 368-376.

Sugiyama, T., K. Takahashi, S. Tokoro, T. Gotou, P. Neri and H.
Mori. 2012b. Inhibitory effect of 10-hydroxy-trans-2-
decenoic acid on LPS-induced IL-6 production via
reducing IkappaB-zeta expression. Innate immunity. 18:
429-437.

Takahashi, K., T. Sugiyama, S. Tokoro, P. Neri and H. Mori.
2012. Inhibition of interferon-gamma-induced nitric
oxide production by 10-hydroxy-trans-2-decenoic acid
through inhibition of interferon regulatory factor-8
induction. Cellular immunology. 273: 73-78.

Waters, J.P., J.S. Pober and J R. Bradley. 2013. Tumour necrosis
factor in infectious disease. The Journal of pathology.
230: 132-147.

Weaver, N. and J.H. Law. 1960. Heterogeneity of fatty acids
from royal jelly. Nature. 188: 938-939.

Zs|cstn DAY A | 1P 163.5%%.175.63 | Accessed 2018/08/30 12:52(KST)

o

I 759 LipopolysaccharideZ XI5 52 tHAMZ0M ILiat 2@ Hz|



	Lipopolysaccharide로 자극된 복강 대식세포에서 국내산 로열젤리의 염증 억제효과
	Abstract
	서론
	재료 및 방법
	결과 및 고찰
	적요
	인용문헌


