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Central effects of flavonoids and the signal transducting mechanisms
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Abstract

Effects of flavonoids extracted from Scutellariae Radix and related galenicals on
adenylate cyclase (AC) activity in NG108-15 cells and on behavior in mice were examined. Ten
compounds of 27 tested flavonoids inhibited forskolin-stimulated activity of AC. Seven of
those were OMe- or OH-substitution products at positions of 5, 6 and 7. Double bond between
2 and 3 was essential to the activity. The most effective compound was eupafolin. Pretreat-
ment with pertussis toxin or yohimbine suppressed inhibitory effects of eupafolin, although
atropine and naloxone did not affect. Intraperitoneal administration of eupafolin as well as
clonidine caused sedation, reduction of locomotor activity and prolongation of loss of righting
reflex in mice. The eupafolin caused decrease in locomotor activity was inhibited by yohim-
bine. These results suggest that 1) some flavonoids have inhibitory effects of AC activity and
2) eupafolin, the most effective flavonoids, inhibits AC via a,-adrenoceptor.

Key words flavonoids, adenylate cyclase, central effects, sedation, a.-adrenoceptor.
Abbreviation AC, adenylate cyclase.
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U EfE £ R AT AC T IEFHET RIS /BRI 5
ZEERWELRE, 5, HENERSTHDLE
77K A Fo ACTHERIZB LITTHRIZON
TLRAITL, #OREFEEEM 2 L BT
W % in vivo, in vitro MIEID & RA T2 D TLLITIZ
FHikT 5,

M EHE

1 i%l#ztuTmiﬁm@mmmﬁ%ém
Wiz, & (Astragali Radix), #% (Scutellariae
Radix), # ¥ (Glycyrrhizae Radlx), iRl
(Platycodi Radix), #ft (Chrysanthemi Flos),
Fif2 T (Lycii Fructus), 48 (Cinnamomi Cortex),
#89F (Cassiae Torae Semen), %25 (Bupleuri
Radix), %3 (Corni Fructus), 113 (Dioscoreae
#£ 34 F (Tribuli Fructus), 72§ #
(Paconiae Radix), é‘% (Zingiberis Rhizoma),
% & F (Ligustri Fructus), [ # * (Nandinae
1% (Ligustici Rhizoma), 25K (Mori
K% (Zizyphi Fructus), ¥ig
(Alismatis Rhizoma), ## (Rehmanniae Radix),
#r & A % (Panacis Japonici Rhizoma), 41
(Anemarrhenae Rhizoma), Bz (Citri Leiocarpae
Exocarpium), %4J% (Angelicae Radix), #EHATF
(Cuscutae Semen), ®Z&F (Maydis Stigmata),
A 2% (Ginseng Radix), B 7kt (Atractylodis
Rhizoma), k% (Poria), #J+H (Moutan Radicis
Cortex), E% it (Buddleiae Flos),

(20 {/ET7 IR /A FO¥hH, HiEE, 5B 7K
DEE L L ICBEAERY 27/ — TR L
ek A%, BESH, FEH T TTT

—IC X DREBERL, &2Ax7 e sibeE
& L 7z,

(3) #ABELEE  NGI108-15 #Mal%, 5 9% 40 A
i, 100 uM hypoxanthine, 16 M thymidine, 1 gM
aminopterin # % ¥r Dulbecco’s Modified Eagle
Medium #1710 % CO, frfE T 4~6 HREREEL 72,

@) MBEFRESHRA FERAVETTIARS S
—EMRIE | AR E & A - 72 NG108-15 #1 ke
# phosphate buffered saline (137 mM NaCl, 2.7
mm KCl, 8 mm Na,HPO, 12H,0, 1.5 mMm KH, PO, ,
pH7.4) {2k ) dish & Vi3 LskiE#E, 1 mmdith-
iothreitol, 5mm MgCl, # & £ 20 mM Tris- HCI
(PH7A) I\ L, ¥I7RAT7urHh TV A H—
2k rh%/‘)w’ AEpZ ek, Migkey 2
4+ ZRBL 7, OB (K 0.4 mM cAMP, 0.4

Rhizoma),

Fructus),
Radicis Cortex),

mMm ATP,05 ¢ Ci [*°H] ATP,1 mMIBMX, 15 mMm
creatine phosphate, 25 U creatine phosphokinase,
5mM MgCl,, ImMm CaCl,, 10 uM GTP, 2 mM
DTT) iz NG108-15 MR £ % 4 b & ilBri K
IXZAEMZ,37C T4 > FaX—FL, &
o 27z BE 'O cAMP ORI A & Nz 100°C T
SMBEHBHT L LI L ) ORI L 2218, R
27z [P*H] cAMP % B A # > & Ha 48t g Dowex
S50w-X4 BLUTN I+ T72THEL % 0HHE
P WE L 72,

(5) HEHEIEHD cAMP &8I © 35 mm dish

T B3 L 72 NG108-15 12 ACHE ML 10
uM forskolin e 5 N2 72K /4 FhHbwizen
b A FOZEEY LR, 10 9GS %7214,
HClic &k W K& &1k, EERO cAMP &% 7 2
FALTrveAdxy b (=) ZRAVWTEEL
7z. B HZEFNEI, FOCBALE 4 BRRIEIC Bt
WHZEZRNT 22810 L D41 - 72,

6 TIOREREH2OEE  dAY Rt~

Z (PRE 23-26g) 4 E—BEC, 05% HE¥ L 2

Fove o — 2B L B R EENRS L, 104
&d 5 50 0% F ToOHFEES R F 10 5 HRICED)
EllEEE (Medical Agent #, Actomonitor II)
EFRWTA Y ML, BE 24 BRHT 2 L5 IS0
AERE B 72,

(7) EEERRFRIOAIE © ddY Rt~ 2 (k&
26-30g) 12, 059% #NRF L AFNLELNR—AT

B L 2R R BN S L, 5491412 90 mg/kg
%7?’\/ F—nEE TS, MRS/ %
e L, FEERERRIE L 72,

8) BEERTE  AHEEMEIR, Student’s t-test
i2ENfr-72,

R

1. NG108-15 #HRgREL 241 b ACHHEIZRIT
TEREIXF RO

AT X 20 NG108-15 Mgl A € ¥ & 4

RATTRE A RE L2 & 2 A, 10 pM folskolin
LN EME LI KM AC ICHT L 1 mg/ml A
ZIZ DML X2 5B 2EAmEZRL, 1mg/
ml ®Z, HE, MEIAS, M8, BFEEEIHT 2
Z e RWIEE N (Fig. 1), #ofioEEr X 2
I3 TH - 72,

2. BE7 7R/ 1 FO#EE NG108-15 #Efg AC
EECRITTRE
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Fig. 1 Effects of oriental herbs’ extract on
adenylate cyclase activity in NG108-15 cells.
Cell homogenates were incubated with[*H]ATP
and herb extract in reaction medium at 37°C for
10 min. [*H] cAMP was separated by cation ex-
changed chromatography column and alumina
column. The results show data about only effec-
tive extracts among the 33 oriental herbs
examined.

X2, BELYSHE, BBMLALZ7IR /4 Fis
CIZERE 7 7R 7 4 P ACHMGHERIZ 2w
T, #EME NG108-15 MAa % v THRET L 72, #BR 26
N7 KR A P05 H 10 FHs ACIEMEZ NG L
72, 5, 6, TALICEIRE L AT 5 L iz AC HIfIEHE
HdBEAHE L, 100 gM i2 B v T, eupafolin
Db FDGYEH D - 72 (Table 1), Eupafolin @
B OH #4797 v~ oroxylin A & 5y AC #I8TE
%R 72, Oroxylin A o 2, 3 ([ —E#HA&HET
2 7 72 dihydrooroxylin A 12 {3 AC #0H]iE H: 13 32
DN -7z, $72, 5,6, THEOVThriz 7L
A-RFRRINT e BRATELOR R
WUIEESED LA - 72, 5, 6, 84TIC Bk
BT 50123 ACHIRIENEZRT L 0iEbn <,
W RADAEIZ OMe 2 50 L DIF—F 2 B C
ETEDE D H -7 (Table I),

3. Eupafolin  AC EMHDHINIERER ORET

Eupafolin 2 HWT7 7 K/ 4 FOERAETF 28K
% L 72, Eupafolin i3 10 uM forskolin iz & 0 i&H#:
hE N b AC ZBEKEFHICHEHRIL, %9 ECs, 1
B#1uM TH -7z, LIl GTP#4E&E R
B RiE ¥4 5 E H%EF% (IAP) 100 ng/ml % 4 B
RALE L 72 M Tl ECso 134 10 M iz B L 72
(Fig. 2), NG108-15 fifapiciz AC # M4 5%
BIKELT, AEALE] 220 BT L F 3
G BEVa T L) S BEET OFAESTR
ENTWD, 25 &2 DTHEEEEETH 5 mor-
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Fig. 2 Effects of eupafolin and pertussis toxin
treatment on the cAMP content in NG108-15
cells. Cells were treated with pertussis toxin for
4 h. The treated or non-treated cells were in-
cubated with eupafolin and 10 gm forskolin at
37°C for 10 min. The cAMP content was deter-
mined by radioimmunoassay. Each value shows
the mean+S.E. of 5 experiments.
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Fig. 3 Effects of yohimbine on eupafolin-induced
decrease in the cAMP content in NG108-15 cells.
Cells pretreated with yohimbine for 5 min were
incubated with eupafolin and 10 gM forskolin at
37°C for 10 min. The cAMP content was deter-
mined by radioimmunoassay. Each value shows
the mean+S.E. of 5 experiments.
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Table I Effects of flavonoids on the cAMP content in intact NG108-15 cells.

7 o O 5 6 7 B ring. (% g? tcl:‘él:\)tlrol)
eupafolin OH OMe OH OH(3'4) 39.5 + 6.1
8 s ° cirsimaritin OH OMe OMe OH@#') 419+ 35
oroxylin A OH OMe OH 484 + 9.6
balcalein OH OH OH 528 + 48
balcalein 7~-oglu OH OH Glu 56.9 1 9.0
hispidulin OH OMe OH OH(4") 59.0 £ 58
circilineol OH OMe OMe OMe(3'), OH(4') 67.9 + 2.6
oroxylin A 7-GIcA OH OMe GIcA 88.5 +11.3
swertiajoponin OH Glu OMe OH(3'4") 90.1 £ 3.0
homoorientin OH Glu OH OH(3'4) 90.6 + 3.0
baicalin OH OH GlcA 957 + 7.3
dihydrooroxylin A 1348 + 8.2
Y s 1 8 Bring (% of controd
46 572 00 tavone OH OH OMe OH(Z), OMe(5) 46230
5 © norwogonin OH OH 57.6 1 3.6
scutevulin OH OH OMe OH(2") 99.3 £12.2-
wogonin OH OH OMe 1140 £ 66
wogonin 7-GlcA OH GlcA OMe 1142 £ 2.2
57,4 O avone OH OH OMe OH(4") 1158 4+ 3.2
57 % oMe flavone OH  OMz OMe 124.5 £ 5.0
S 5 6 7 8 Bring (% of corarol)
40 5870t OH OMe OMe OH 86.8 & 9.5
67y 6,7-OMe flavone L= .
§ © skullcapflavone I OMeOMeOMe OH OH(2') OMe(6') “97.1
chrysin 7-GlcA  H GlcA H OH 127.0 + 8.7
3572.6-0H o H OM H OHOH(2'6") 127.3 + 86
o, N S 2 3 (@ gfc t<;‘grt1¥rol)
7 chrysin H H  619+132
N 5,7,2'~OH flavone OH H 860 %157
-0 57,2 ,3-OH flavone OH OH 1158 + 3.4

Cells were incubated with each of the flavonoids and 10 g™ forskolin at 37°C for 10 min. The
cAMP content was determined by radioimmunoassay. Each value shows the mean+S.E. of 4

or 5 experiments (a . 2 experiments)

phine, carbachol, norepinephrine i \>§ 4L 4 A4
Mo AC B2 BERGFICHIRIL 22 (57— 794
7R”) . Eupafolinic & 5 AC »¥lA, Zh b %R
EENTELE2ERET 272012, ZNLEDEF
R I IE 7 enpafolin ZFF AC EHEHIRNC BT
R A #ET L 72, Eupafolin (100 pM )iz & 3 ACH]
13, a HEMFETH 5 100 4M yohimbine BIALE |2
L D WIS nzH (Fig. 3), 10 M atropine, 10 M
naloxone (3N TH - 72 (T — 57 IFER) .

4. Eupafolin D7 7 ABREBEICRITEE

Eupafolin 100 mg/kg 3 & ¥ 500 mg/kg & <7
2N ERERIRE L 72 2 A, HEEIOEKT 258

Ltz E£72, BATEIORIMCIRERZEH BRI N
7298, FLREREC T I EENENL Y H Ik
IER TR LN h -7z, TS DRI ED
7 SRRV TH B clonidine & 1ZITRERT
Bot2, ZOFEIZ, clonidine HENEEEHER DD &
N7z &ick D, BEEHICRITT eupafolin D)
HAERIGICKET L 72, Eupafolin (212K L
T, ELCHBERS 2G5 2 L8610
(Fig. 4), = @ eupafolin |= & 2 EI BEEHIHIVER %
clonidine iz & 3 4 o & el #ET L 72, 0.1mg/kg
clonidin JEEN# 512 AREE & L (S ¥R
%, FOVEMAIE 2 mg/kg yohimbine % clonidine %
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Fig. 4 Effects of eupafolin on spontaneous locomotor activity in mice. Locomotor activity
was measured every 10 min after the administration of eupafolin (i.p.). Each value shows the
data in the same group of 4 mice. © : locomotor activity 24 h before eupafolin administra-
tion, ® : after eupafolin administration.
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Fig. 5 Effects of yohimbine on clonidine- and eupafolin-induced inhibition of spontaneous
locomotor activity in mice. Locomotor activity was measured every 10 min after the
administration of eupafolin (¢.p.). Yohimbine was administered (s.c.) 5 min before eupafolin
administration. Each value shows the data in the same group of 4 mice. O : locomotor
activity 24 h before eupafolin administration, ® : after eupafolin administration.
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L5 5RNCRE THRET 5 Z iz L D ITizsesic fil
AN/, —H, 100 mg/kg eupafolin i & & EEHHNH]
R 4 yohimbine BILEIC & W 55 L 72 (Fig. 5).

5. Eupafolin /S Y — L EEARERICRIT
TRE

Eupafolin ?- 3By — VEEHARIEIRIC BT T
B4 clonidine i2 & 2 & D & HME L 72, BELT
HIBEREH I TH D F 2> 7 — ) 90 mg/kg DI
FHEEL, 861640 (n=4) DIEMMEEEE L 2
L L 72A% 1.0 mg/kg clonidine o g W 413 =
% 138747 (n=4) IABICEREE 72 (Fig.
6), —J7, eupafolin {3 100 ¥ & tF 500 mg/kg MEHEW
Wiz k), ERETEREHOAE RS L
5L, #FNFN10E15 48 (n=7) B L 170127
S (n=7) OBEBRRER %77 72 (Fig. 6).

Time of loss of righting reflex (min}
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T T T
control
(90 mg/kg thicpental)|
clonidine 0.1 mg/kg H
1.0 mg/kg —sok
eupafolin 10 mg/kg i—
100 mg/kg —j’ *

—

500 mg/kg

Fig. 6 Effects of eupafolin and clonidine on
thiopental - induced loss of righting reflex in
mice. Clonidine and eupafolin were administered
(i.p.) 5 min before 90 mg/kg thiopental adminis-
tration (s.¢.). Each value shows the mean+S.E.
of 4 (control, clonidine) or 7 {eupafolin) experi-
ments.
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SREAENBKIE = X 20 AC iHHEIC RITT#
Rt Lz e 25, YiB32TEP, ik, EIAS,
HEE, AT, BEEAEH forskolin B AC IS 2 HE
RIHIL 72, 20 b, EIASEYR=2 % %<
GATND 28, ORISR & 0 IRER
B ZF DERSBN T B HREHER TETE v,
HE, T MY 7 AR E B2 ACTEMRIE T
134T A B 1T forskolin 5 ACTEMEZ T L S 154
L7z (F—sE8mR),

Forskolin A ACHEME 2 HIHI L 2D 5 b
T, MRS C, MKW LT
BHEIZOWT, ZTOFEERFOR#BE LKA, BE

DERFIE 77K A4 FTHY, BlEE T 100 Mk
CHOHBEREB I N T 5, 2 DEIMERICE L T,
BRI i, FIBR, IR TV HE SN TV 505
SFHEBEOBALD HIX, T T FoBAH Fo
CUBAEEE BEUR AR T RTFI—1
DYER PN T B, Lo LiedT s AC IEHER]
RO EICET 2SI v, BHEL VMRS
BANLT IR A FhbRcEEbo7 7K/
4 F 278D 9 1 10 #H forskolin # 5 AC & LA
WlZRL7z, #0742, 5,6, 765 0H F 7203
OMe TEHMEIN TV 2L 06 AL T, 2
OEEEAHT 5L 04 TN { ACIEME %2 #0H
Lz LorL%edsh, L 5,6,7@BHRTH Z o
NyOMEIC 7N a—AFRE I N7 ar BERT
L0 1 E B CTEEY L, 205,67 4(is°
WEEBEYS L T3 2 AR E 1172, Eupafolin,
oroxylin A 7¢ & (FIZ dihydrooroxylin A D& &
AR & 0, 2-3 7Ry ZERE S TE I T B
5452 2B X0, BROBHREIIEECEREIE
LG %2 EhRE iz, Lo L, chrysin 487 2
FIz eupafolin, oroxylin A, hispidulin [ #1ic &,
LNa L9012, BEO OH &£A0EHNHR S 256 L
TWwaZELEZLILE,

AC HIlIEE D F L T8H - 72 eupafolin % Al v,
F OVERBIFIZ D TRRET 247 - 72, Eupafolin o
ACHRIERIIZ IAP I X Y BTk s Az Z sic &
D, ZOEBIMITEEN, /20, GERE LI
FELTWDZ EpHEEE N7z, NGL08-15 21,
FEALE a2AHN ET e F L)) B
@ T FLH) w35k ” o 3HO IS A KD
HFHEL TV B I EDIRENT D, TILhDZHEMK
{83, -+ 74 H noradrenaline, carbachol, mor-
phine {$ 941 3 i EKF IS forskolin #F AC
WEYEZIEIL, £ #1281 antagonist TH 5
yohimbine, atropine, naloxone (2 k& - CTHBLTH] 3
.72, Eupafolin > AC #IflYEM I3 yohimbine = &
STOLIMIEI N2 L2 & D, eupafolin it a, 5
FAROIHERE L L TIERS 5 2 L3 N,

a, TEARG PAIHIER, & CICHEEHMERY AT
LIl NTWvWA, 2T, eupafolin @ HiK
HMEIEROFE 2 TE R MR L 2,
Eupafolin # =7 ZDFERERNICREG L2 &2 5,
clonidine & OB IER» RO LN, T2, H
ZEE) L, eupafolin DRI L THFIL, =
DYERIL @, P TH % yohimbine DRI EIZ L
N2 N7z, X 512, eupafolin iZ clonidine &[4
B, SEY—NLEBBIC L 0BRSS U AR BT
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I Eyld LNz, UEDELY, eupafolinid
clonidine & Rk I - SEHERZ AL T2 5
ZEBHLMEL ST,

SmEs NzHB LY, 77K/ 4 Fo—FE eupa-
folin (X, #n vivo, in vitro DWRIZE VT, @ FHF
AVEfSE s L TR 5 2 SR E i, Ll
Th S, a TEREECUNOBREIZLD, ACE
HET AERELREN TV L, BEERH 2L,
B, T, I, THiZ X OFERE 2N TH 575,
Bl 21 HIEEIE H, SHEERNGEEIT & 5 cAMP
D FRYBGT 52 2%, FHiiC b cAMP 0 1
ArMELTwa ek CamsnTsy, 40
Beonre77R /74 Fo ACHRHEHE ML ED
BAfRIC b BRSNS, 418, FHET7TIRIAF
I2DWT L ZORREIF OB LRI LT TET
Hb,
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