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Abstract— Because of the potent effects of lipid mediators such as prostaglandins (PGs), leukotriens
(LTs) and platelet activating factor (PAF) on a variety of cells and tissues, they are considered as major
contributors to the process leading to inflammation and allergy. To pursue the mechanism of anti-in-
flamnmatory activity of Lonicera japonica, we tested inhibitory effects of 7 flavonoids from Lonicera Japonica
on arachidonic acid cascade related enzymes, such as inflammmatory phospholipase A, cy-
clooxygenase-1 and 2, 5-lipoxygenase. in bone marrow derived mast cells (BMMC), and lyso PAF- a-
cetyltransferase in rat spleen microsomes. Anti-inflammatory activities of Lonicera japonica are thought
to be attributed at least in part to the inhibition of arachidonic acid cascade releated enzymes by fla-

vonoids such as apigenin, luteolin and quercetin.

Keywords [ | Lonicera Japonica, Flavonoid, Anti-inflammatory drug, Bone marrow derived mast cell, Phos-
pholipase A, Cyclooxygenase-1 and 2, Lyso PAF-acetyltranasferase.

o23HLonicerae Flos)E 21%&3HCaprifoliaceae)
o %3} 215 W= (Lonicerae japonica Thunb.)9] %
o2, g} YzklAE ol AN, BAY, A
954, 718Agel AHT QoY Feste) Ay
2+ tannin, inositol, sterol, chlorogenic acid, iso-
chlogenic acid ¢l 231¥] 9l2H flavonoid JE<
241% luteolin, apigenin, luteolin-7-O-rhamnog-
lucoside, apigenin, quercetinge] &## 9} >¥ F
&3te] flavnoid A2 452250 ol ghEdo) =t
8750l RO o} 1 2870 Be A=

TR =3 B3 Zoe o] A AR
(d8h) 053-810-2813 (W) 053-811-3871
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Flavonoid: carrageenin & 495549, mou-
se ear edema EdolA FHFF2 Lol vt 7T
waEtgom > wel flavonoidE BIRHA®S 397
FolM 2] S 2ElNFEE AAFEl 93 U E
! Peatole} WA 3 APk s [as)
31 Yk o]9} 2o flavonoidd) #E 2 AU X
242 7HE ASUAMAE] BTV A 2 Y
717 SollA 3| AEE &R 3 2 AFvAES] R
AA 243 olelylEqt AR A S AAs]
Bolz} AlE T}, Ammi visnaga A2 HE] A& chro-
mone TZ%E zr= khellin(dimethoxy methyl fura-
nochrome)®] #2h4-0 2 UEh= FET o| 928§
ARA717] 93] 7 disodium chromoglycate'”
7} LR AR A 3 4T HAd sl FddelH
AE Bedlele mo] B3k .

AL A 5 Fo35 o)A 4% ochnaflavone©] I
Furgol] A - 7EAoR doFe] wWEHA EulAy
phospholipase Aj(group [IF LA, ™ el tigt x a2
Ne PESl Foste dFgAY 57t och-
natiavoned] 93 Rolgt waatdet” AL F
2319 FFFALNAE Wit FHHoR PHE &
Hom Foglzre YT 759 flavonoidE ofet
7= tAAle] Brodshe &40l HE FFS HES)
Rt

AEUY

AEKE W AjSt

AEMRE - B a7 88 Hoke doF mojAly
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Ale} — Recombinant mouse ¢-Kit ligand(KL), 1L~
10, IL-1B, aspirin® Sigma ChemicalAHSt. Louis,
MO), WEHI-3 A3z d& Showa W8t Kudo Ichiro
W28E, Lipopolysaccaride(LPS)& Difco Labo-
ratories*HDetroit, MI), RPMI-1640 #ix}+ GIBCO
BRIA}, ietal bovine serum(FBS)= HycloneAl,
PGD, LTC, radioimmunoassay(RIA) system-2
AmershamA}, BCA Protein Assay Reagent™ Pi-
ercert, dimethylsulfoxide(DMSO):=  MerckARlA
TYste] AHEon, 1 o]9je) RE AR 5HES
AHE-3HET

L2 w0 M

Al2e| ZH| - Q5o 25 flavonoide] F& ¥
e 4% A% AR 24 kgd EF0] Bug
H¥o 2 Balslgrh MeOHS: 62174 33 A% &
st} FZ&a)A MeOH extract(o]dh ext.) 8 4L,
MeOH ext. & FFol @¥stil, n-hexane, CHCI,,
EtOAc  n-BuOHY A2 9AH oz EE31c)
EtOAc ext.E silica gel columnol 2ol 5F9] fla-
vonoidZ, n-BuOH ext.Z silica gel column®l 2o
apigenin ¥ luteolin 2] flavonoidZ #e]ste] A9
of} ARE-3lTh.

718e] ZH| - 1-acyl-2-(1-“C)linoleoyl-sn-glyce-
ro-3-phosphatidylethanolamine® 1-acyl-2-(1-"C)
linoleoyl-sn-glycero-3-phosphatidylcholine2 % H
PLase D9ll £}t base exchane'd¥ol 23] Az3s14
o (1-“Cllinoleic acid 2 1-acyl-2-(1-"CJarachi-
donyl phosphatidylethanolamine™ AmershamA}ol|
A 74t ARgE AT

Phospholipase A,(PLA,)&HM2| £

PLA= 3 Ao z2XE Adg F A0S Fes)
o 1 M KCIZ 718318l #e], At ghgdo=
AR PLA; 84 $A2 ethanol/toluene(1/1,
V/V)ZE EolglE 1-acyl-2-(1-"C)linoleoyl-sn-gly-
cero-3-phosphoethanolamine(1,000 cpm/nmob)&
NPT BH T Airrrg SvE Fda7n
lipid film& 9HE 5, 4 SH/HTE 7het 289
(Branson 2200, USA) A&l 7|2A= A3}t
PLA, 48 100 mM Tris-HCl(pH 9.0), 6 mM
CaCly, 712 20 nmol 2 &4 (10 ng) 2 HIE &
B 25 pg/miE G438 9 S 37°CE, AAFF AT
Bt wheAl £ A4 (“ClAaA e Doles 9
9 mha} Z231ed liquid scintillation counter®
233t PLA, #4202 gHtetginh

Bone marrow derived mast cellBMMC)2| =A|

Murakamise] #H? o2 84 BALB/cJ mice®
HE] A3 FFEAEE 50% enriched medium
(RPMI 1640 100 units/m! penicillin, 100 mg/m!
streptomycin, 10 mg/ml gentamycin, 2 mM L~
glutamine, 0.1 mM nonessential amino acids,
10% fetal bovine serum)¥ IL-3¢] FFHLE 50%
WEHI-3 AE wlgole AHaste] vidstd oF 45F
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98% ol’¥¢] BUMCE 2& 4 I{th

COX-1 % COX-2 @Mo| £F™

BMMCE 1x10° cells/m] $E& 3t T4 2=
100 ng/ml c-kit ligand (KL), 100 U/ml IL-10, 5 ng/
m! IL-1B, 100 ng/mi LPSE AgslHoen HdAE
FEHL 25 pg/mIEEE 8o 37°C 5% CO, 22
ol A 2A1ZF = 8AIZF 59 7t wi kS PGD,o) A4
& F43ld COX-1 % COX-284 o2 AAs}Y
o} ojul COX-2¢] A224-& vld 10 ng/ml aspi-
ring 2A17F Aglsle] COX-18 B843} 17135 43
= Bt 9hgo] EuhF 120x g, 4°CollA 587 9
AEE S F 4EAE PGD, HA#e] X o] &3}
g}t PGDyi= PGD, assay kit(Amersham, Buck-
inghamshire, UK) & A}8-3lo] 23819t}

LTCAIMO| £5™

7)o o g A8 BMMCE 1x10° cells/m!
FEZ 3l9 100 ng/mi Ki. 2 flavonoid 2.5 pg/ml
o] E2AA 37°C 5% CO, 224 302 £k 1l
BT W2 120X g, 4°CollA] 587 A28t
o FANZS, 1 4FAeR LTC, WA %S =435}
At LTCa LTC, assay kit(Amersham, Buck-
inghamshire, UK)& *-8-3l] S48 5 5-L0 84
oz BAsG.

Rat spleen microsome 22|

Rat ¥ 1~2 goll 4uf 73] 245-94(20 mM Tris,
0.25 M sucrose, 5 mM 2-ME, 1 mM DTT : pH 7.
8)F ¥l 4°Co)A homogenizationdt ¥ 4°C, 10,000
rpmeoll A 10837 Y4 e AL A58 v 4°C,
100,000 gollA 1217 thA] f14dR-2)algde). ojudo
A Ao Adr)e] S5 500 pLold REYA &%
O 2R MY 3H(102 53) F g
st

Lyso PAF-acetyltransferase §4J2| &5

Lyso PAF-acetyltransferase 84242 godi-
um acetate & ¢ PH) acetyl-CoA(34.400
dpm, 0.588 uM)E Alg o] £3stn 2752 7t
ste] 3tk ¥ 7| A2 AREsk ok whg-d e 10 mM
DTT. 0.25 M NaF. 1 M Tris-HCI(pH 6.9), &
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(rat spleen microsome, F£% % 0.34 mg/mi), A
A 2.5 pg= FF 250 plezZ 37°C 587 prein-
cubationdt % (°H) acetyl-CoA 50 ¢ 0.4 mM
Lyso PAF/0.25% BSA 10 W& 91 37°C, 1587
HESAIZ) T2 0.05% BSA 20 Wi, 30% TCA 80 Wi %
I EFEA 13,000 rpmoll A QAR et A& S A
Astz AP PH) PAFL liquid scintillation
counterZ &4 &gt}

23 ¥ oF

A FAFA Y] AFE el o}2] BA 5 R
W S 2joll M Gt el oo Aleko E )
Fal v, ol A A Y dAl F8FQ) o] B
kel A7e F2 vAERol=A 945 (Non-
steroidal anti-inflammatory drug, NSAID)<) 7|g+
ol f7] §4& B3t FyYFo| ALY, HAES gite
2 A7k R8s ot dA) ks 1 glE g S
9] d& B9, 9= Blake groupe] W73 nitric
oxide(NO) 714 28t NO A&, £ cy-
clooxygenase-1 ® 2 H3|A(COX-1, 2) *+E leu-
kotriene (LT) A&/ sfiAl #qk olje}, LT 5284
AsAE vEsle], FZol= 5-lipoxygenase ac-
tivating protein(FLAP) A&fia] = 5-LO8}A,
PLA, As|A, PAF 23kl 934 cytokined! in-
terleukin-1, 6, 8598 +&A A4l 58 & At
g PGAYAN 91014 arachidonic acid(AA)el] =
FO.7 A3l PGG,2 WA 7)i= §4F cyclooxy-
genase(COX)#} 3 PGG,E= $Y Tzt 9=
PG hydroperoxidase®l 2}3} PGH,2 ¥ggtt H
Feol A E COX-19] et cytokinese] 2=
o o s MZL &4 COX-27F FA=o,
COXE Holk F%79 isozymeo] ZAj3to] vhd A
o}t COX-10] 91 21748 6|58 o e z2] o] wHE 5] o)
Uiz W COX-2i= ASA Aol 28l @Azl
He 2ddd s vehle] FE47) th2e) 4900 &
Ak wheb) COX-10 Fako] glomM COX-20
5olz o2 Ak oke] e Rahgo] gle RS
NSAIDZ d< itk 7|tz 27 ghito] dx)
o} YEol|A NS-398°] AL oM P A 3% HAH
L2 COX-29 dex oz 2hgah= ekale] Pt &
= NS-398, 1-745,337¢} 22 methansulfonamide |
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Fig. 1 —Effects of flavonoids on rat group II phospho-
lipase A, activity. Rat platelet phospholipase A,
was incubated in the presence of 25 ug/ml vari-
ous flavonoids. The procedure is described in
Material and Methods in datail. Each value is
the mean of duplicate determinations.

4, Dup-697¢ 22 methansulfoneA| &, 7|EFEA e-
todolac, oxaprozin, BF-389%3 22 SIgtE-E0] 7
AL o)2i gt wiH o2 ARTS FE5 HEF
282 AZuke-o] 318 7] A (chemical mediator) &
2881 PGs, LTs. PAFSY] AIgAell &3k ofet
F=AL A A Bed 3= 491 PLA,, COX-1, 2, 5-
lipoxygenase(5-LO) 2 lyso PAF-acetyltransfera-
secll M) X= FFS HESHA HA

AZEuo| A - 7HFH ez FAogo] BHI HE
SPLA,(Group T1A)"* 92 A}g31M Q5 o2 RE ¥
& flavonoid” & AHEsle] ASBAE L HES A7, 7t
2 745 A EAdS vehd AE-S quercetin®] .29,
£ Z7A A HSAZE W HEFFE 1.6 ng/
milMEE 41%7HA Asglon HEs% 25 pg/ml
A= 80%7HA AsiddE UelhichFig. 1. 18
1} quercetin® AsiBA& Azpgo] o) Hig och-
naflavonedl] Wlated A= okshe o 4= A"

HZ IL-3 Al ket AFSFFFAE X
(BMMC)E 11-10, IL-1Bel EFEANAN kit li-
gand(KL), lipopolysaccharide(LPS) %= FceRI i
z}of| o]ste] BAEEE COX-29 &= g7 PGD,S
AR F 5109 FE2 9% LTCAA, Uizl AlelE
7l01e) W Fo] SEPtkn RuHATE* ® 53, o}
27| EA Al 8] AR oL} ALo] E7)R19] ZFAIZEE]
HAAAQ AN frdE BRI, ol EFY R
Ia} e T Q) LRt} A E wegshs 3o)
7] W&, o HTAE BASA o] Wizl E3b
7170 Tt BAlo] EolX 3 Ytk BMMCE in vitro
oA A wYE ¢ k= ARdT Bl A2 Aol &

Apigenin Luteotin Isoquercitin Lonicerin  Astragalin Quercetin  Rhoifolin

Fig. 2 — Effects of various flavonoids on cyclooxygenase-1
(M) and cyclooxygenase2 () in BMMC.
BMMC were cultured for 8 h with combination
of 100 ng/m! KL, 100 U/mi IL-10 and 100 ng/
mi LPS in the presence or absence of 2.5 ug/mi
flavonoids. To assess only delayed phase of the
PGD, generation by COX-2, the cells were pre-
treated for 2h with 10 pg/ml aspirin. which a-
brogates the immediate phase of PGD. gen-
eration by COX-1. To assess immediate phase
of the PGD, generation by COX-1. BMMC
were cultured for 2 h with the same stimu-
lants in the presence or absence of 2.5 ug/ml
flavonoids. Then the supernatants were taken
for PGD, radioimmunoassay. Each value is the
mean of duplicate determinations.

Fielel] thaf wHe-A S 7HXH, A=A Y, A9y 8t
Axzel B3} oA AL aA AEehed oA vl
oha 2 o] He el ety FH S drehed F2 At
" £ gler AxES ofn] o]zjg WHow HAER
RE COX-2A3IA1E Ayatal g vl ok uhek
A B AP o)ogd-e AYPE v oz BMMCel
A=2A S 3 Q1%E9 flavonoiddB& Hejghs B4
& PGD,#oE COX-1 % COX-29] 840z iA
Ak 2 Av COX-1& 2.5 pg/mie) F=oIA api-
genin, querceting 90%, luteolin 72%% %= A5
A9 isoquercitrin, lonicerin, astragalin, rhoifo-
lin®& COX-19] #4& AF AsA &kt U
yhloe COX—20 thyt Asies HESKIT Lu-
teolin 80.9%, apigenine 79.7%. quercetin 33.7
% isoquercitrin 23%. rhoifolin® 12.7%. astra-
galin® 5.3%, lonicerin 5.1% A HTHFig. 2).
o)5% 75t B2 YERA apigenin luteolin®]
LGS AETAT COX-13 COX-29] [Cxahke
Z}z} 0.5 ug/ml, 0.9 pg/mige & 5 UKLt ot
A} A apigenin® luteoline= COX-1 R 2o =%
78 Aalsg BIoy, F fhe digt Solds v
WA 2e-& A=A AcHFig. 3). 3HA, apigenini} lu-
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Fig. 3 — Concentration-dependent inhibition of cyclooxy-
gense—2 by flavonoids. BMMC were incubated
in the presence of indicated concentration of
apigenin () and luteolin (@®). The procedure
is described in Fig. 2. Each value is the mean
of duplicate determinations.

teoline Tl Aol = A3 JPo| §lE AoZ Ho}
(data not shown) &4l 2 o2 28§ o] AAlH
At PGD,2) A A= cPLAM sPLA,2 A 3)2H&
o2 o3 AAE TS viA St £ A g
AR flavonoidd] HAFFE 25 pg/midME 80% 74
= PLAASNEAEE JeRilou, COX-1d <%
PGD2l AL 25 pg/mie] FZolA apigenin,
quercetin® 90%, luteolin® 72%A% A=A 3
COX-291 tigt #8152 luteoline 80.9%, apigenin
2 79.7%, quercetine 33.7%% A& &4 R
o}, o]ebzke A= flavonoidel] 3 PGDAA 2] <
A7 di= PLAS A3iat8ol 9% Aajet
I AzZbEC g8 BMMC AlEel c-kit ligand(KL) &
AEsH v EFe 51O 23le] 300Ul
LTCot Az A= nz? 2% flavonoid &S
st LTC, AAdHo2 5-LOAA Tz wAsis
) 1 A3} quercetine 60%. 91%59) isogercitrin %
luteolin® 58% A= AsatAlut, Tt s
COX-1 2 24l digh Aafghy] Hukiz oFgher ob: AU
v}, 28y rhoifolin, astragalin. lonicerin o}t &
o] YATHFig. 4).

FH PAF(Z AN = 43 AdviA 2 4
5o A3s sk AAA A EA] 2 deld
Atk PAF Agtde] 84847 oA lyso PAF-a-
cetyltransferaseol 3+ A5 A A3 luteo-
lin 51.4%. apigenin< 41.8%. astragalin 28%,
lonicerin< 19.2%, quercetin 17%. isoquercitrin<
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Fig. 4 — Effects of flavonoids on LTC4 generation in
BMMC. BMMC were cultured for 30 min with
100 ng/m! KL in the presence or absence of 2.5
ug/m] flavonoids. Then the supernatants were
taken for LTC4 radioimmunoassay. Each
value is the mean of duplicate determinations.

LysoPAF -Acetyltransferase inhibition %

Apigenin  Luisolin Isoquercitrin  Lonicerin Astragalin Quercetin  Rhoifolin

Fig. 5 — Effects of flavonoids on lysoPAF acetyltransfe-
rase in rat spleen microsomes. Rat spleen mi-
crosomes were incubated with 10 png/mi flavo-
noids and the acetyltransferase activities were
determined as described in the Material and
Methods. Each value is the mean of duplicate de—
terminations.

10.9% A~ X3 rhoifolind oFF¥ g3k F2] ¢
stoh. wEhA] F23) flavonoidi= PAFS] AAlelx o
o] A & 7 YR (Fig. 5).

AF7HA e APA TN Fo35te dHF3E2 F

= 0 YRt #8389 flavonoidAd £l 71915e] A]
AEIRlem ) o]l AEF E3] apigenin, luteolin,
quercetin Foll 9J3tha Al =y 1 AAE g oFstH
vheat gl

1. 9124 phospholipase A0 tidt 743 A4
& vhehdla s A4 quercetin

2. BANCE2l COXZ Aol tid A g

COX-1 %8t ezt d & el A& apigenin,
luteolin, quercetin

COX-2 738 qaigr g viehlis 4% apigenin,
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3. BMUMC%¢] 5-LO° thst 73t As|adg yet
U= A& quercetin, isoquercitrin, luteolin

4. Lyso PAF-acetyltransfersase %8 43|84 &
Uehf= AR luteolin, apigenin

ool A F23te] FAFHEF Hol® YRE &
<3} flavonoid 4% apigenin, luteolin, querce-
tinell €]t ofe}F| EAHALAIS] EAA ) g A
Aol 7]191%t0] AlAF H 2T}, E3 apigenin®] THHA
o o] A%% rhoifolin, luteolin®] 7TH$ X Fo]
A% lonicerindl A A&/ o] A9 Qe AR B
o}, T X 2] F-2] hyroxyl”17} Al &4 ddol 39
3l Abs E )

#ZAlS| e
E A7 19983 % Fdtietal AR-3 R o
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