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Relaxant action mechanisms of petasins, isolated from
Petasites formosanus, in isolated Trachea.
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KCI Spetasin histamine (100 M)
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(  0.02 mM EGTA) Spetasin
histamine  carbachol Spetasin
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voltage / receptor operated calcium channels
NY-nitro-L-arginine (20 nM) a-chymotrypsin
(A U/ml) propranolol (1 M) glibenclamide (10 M) methylene blue (25 M)

2',5'-dideoxyadenosine (10 V) nitric oxide
vasoactive intestinal polypeptide b-adrenoceptor ATP-
adenylate cyclase  guanylate cyclase
Spetasin (10 20 nM)  Sisopetasin (10 20mM) forskolin
sodium nitroprusside —
forskolin  sodium nitroprusside  pD, phosphodiesterase
(PDE) Spetasin (100 300 M) CAMP-
dependent PDE 33.94+ 6.06 % (n=5) Spetasin
Sisopetasin (30 300 nM)
Spetasin  Sisopetasin (30 300 nM) cGM P-dependent
PDE
petasins petasins
Spetasin CAMP-
dependent PDE non-specific antispasmodic S
isopetasin

Spetasins Sisopetasin



ABSTRACT

Four petasins, including petasin, isopetasin, Spetasin and Sisopetasin, were
isolated from Petasites formosanus Kitamura. They concentration-dependently
relaxed histamine (10 nivl)-, carbachol (0.2 nM)-, KCI (30 mM)- or leukotriene D, (10
nM)-induced precontractions of isolated guinea-pig trachealis. Slsopetasin selectively
relaxed carbachol- and KCI-induced precontractions, athough Spetasin non-
selectively relaxed the precontractions induced by these contractile agents. Their 1C s
were approximately about 10 mM. It seems that the relaxant effects of sulfur
containing petasins, Spetasin and Sisopetasin, were more potent than those of non-
sulfur containg petasins, petasin and isopetasin.

The preincubation of Sisopetasin (50~200 M) competitively inhibited
cumulative carbachol-induced contractions, suggesting that Sisopetasin had an
antimuscarinic effect, in isolated guinea-pig trachealis. However, Sisopetasin non-
competitively inhibited contractions induced by cumulative histamine or KCl in
normal Krebs solution. Whereas, Spetasin non-competitively inhibited contractions

induced by cumulative histamine, carbachol or KCI in normal Krebs solution. In ca’-

free medium, preincubation of Spetasin non-competitively inhibited cumulative ca’-
induced contractions in histamine (100 nM)-, carbachol (10 niM)-, or KCI (60 mM)-
depolarized trachedlis, and Sisopetasin non-competitively inhibited the latter,

suggesting that both may inhibit calcium influx from extracellular space. In Ca -free
medium containing 0.02 mM EGTA, the incubations of Spetasin aso non-
competitively inhibited cumulative histamine- or carbachol-induced contractions,
suggesting that Spetasin may inhibit calcium release from calcium stores. After a
maximal inhibition on carbachol (0.2 niM)-induced precontraction by nifedipine (10
nM), Spetasin or Sisopetasin caused afurther relaxation of the trachealis. The results
suggest Spetasin and Sisopetasin may have other relaxant mechanisms regardless of
whether inhibiting voltage operated calcium channelsin the trachealis. However, their
relaxant effects were not affected by the presence of propranolol (1 M), 2',5-
dideoxyadenosine (10 nM), methylene blue (25 niM), glibenclamide (10 niM), N*-
nitro-L-arginine (20 mM) or a-chymotrypsin (1 U/ml). It suggests their relaxing effect
may be unrelated to activation of b-adrenoceptor, adenylate cyclase or guanylate
cyclase, the opening of ATP-sensitive potassium channels and the liberation of nitric
oxide or vasoactive intestinal polypeptide.

Spetasin and Sisopetasin (10~20 M) produced a parallel leftward shift of the
log concentration-response curves of forskolin and sodium nitroprusside, but none
sgnificantly affect their pD, vaues. Neither cAMP- nor cGMP-dependent
phosphodiesaterase (PDE) activity was inhibited by Spetasin or Sisopetasin, except
that Spetasin (100~300 M) had a dlightly inhibitory effect on cAMP-dependent
PDE activity. The maximal inhibition on the enzyme by Spetasin was only 33.94 +
6.06 % (n=5). In conclusion, the relaxant effects of sulfur containing petasins, S
petasin and Sisopetasin isolated from Petasites formosanus Kitamura, were more
potent than those of non-sulfur containing petasins. SPetasin and Sisopetasin

inhibited both Ca”-influx from extracellular space and Ca "-release from intracellular
stores. In contrast to that Sisopetasin had an antimuscarinic effect, Spetasin slightly
inhibited cAM P-dependent PDE, and may be a non-specific antispasmodic.

Keywords: Spetasin, Sisopetasin, Petasites formosanus Kitamura, antimuscarinic



effect, calcium influx, calcium release, phosphodi esterase inhibition.

(Rodger, 1992)
muscarinic histamine leukotriene (Mak & Barnes, 1990)
( histamine leukotriene )

acetylcholine
GTP-binding protein phospholipase C
phosphatidyl-inositol 4,5-bisphosphate (PIP,) inositol 1,4,5-trisphosphate
(IP;) 1,2-diacylglycerol (DAG) IP,
(sarcoplasmic reticulum) 1P,
(phasic contraction) DAG protein kinase C Ca*

(tonic contraction) (Rodger, 1992 Exton,
1994 Horowitz et al, 1996)
b-adrenoceptor agonists antimuscarinic agents aminophylline nitric oxide
(NO) vasoactive intestinal peptide (VIP)  (Gross & Skorodin, 1984 Ellis &
Farmer, 1989 Murray & Kotlikoff, 1991 Belvis et al, 1993 Barnes, 1997)

b-adrenoceptor agonists b,-adrenoceptor VIP

adenylate cyclase cyclic adenosine 3,5 -monophosphate
(CAMP) NO guanylate cyclase cyclic guanosine
3,5 -monophosphate  (cGMP) aminophylline
phosphodiesterase (PDE) cAMP  cGMP cAMP  cGMP

protein kinase A protein kinase G

(Schramm et al., 1992) Antimuscarinic agents
muscarinic receptor acetylcholine

(Petasites formosanus

Kitamura) (Compositae)
(Sasaki, 1924)

petasins Spetasin  Sisopetasin

petasin isopetasin, 0.068% 0.024% 0.026% 0.005%
petasins
petasin

(Wang et a, 1998)

Petasites hybridus
indomethacin
leukotriene synthesis (Brune et a, 1993) Bickel et a

(1994) isopetasin lipoxygenases
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petasin  isopetasin (Weliss, 1983)
petasins (Medline 1966-1998)

(Hartley) 250 450 ¢
Krebs C
3 4
force-displacement transducer
(Grass FT03) indomethacin 2.8 nmivi Krebs
(organ bath) 95% 5%
37 159 60
15
(isometric) (Gould RS3200 TA240S)
Krebs (Raeburn & Brown, 1991) (mM) 4.7
118.0 2.5 10.1 25.0 1.2 1.2
(60 mM)

()

histamine (10 nM) carbachol (0.2 nM) KCI (30 mM) leukotriene D,

(20 nM) (precontraction)
(0.1 300 miv1) petasin isopetasin  Spetasin  Sisopetasin
1 mM aminophylline
100 petasin  isopetasin  Spetasin  Sisopetasin -
(log concentration—response curve) IC,

Spetasin  Sisopetasin
()

histamine (0.01 1000 nM)  carbachol (0.001 1000 niV)

100 Spetasin (10 200 nM) Sisopetasin (10 200 M)
15 histamine
carbachol - Spetasin  Sisopetasin pDz' pA2
()

histamine (100 mM)  carbachol (10 Vi)
2 mM EGTA  Krebs 5 Krebs
histamine (100 M)  carbachol (10 niM)



histamine (100 nM) carbachol (10 niv) Ca*

(0.01 10 mMm)
100 Spetasin (50 200 i) 15
Ca* (0.01 10 mM) -
-log IC,, Spetasin
(60 mM) 2mM EGTA  Krebs 60
EGTA Ca* (0.01
10 mM)
100 Spetasin (20 200 mM) Sisopetasin (10 200 niM)
15 Ca -
-log I1C,, Spetasin  Sisopetasin
()
0.02 mM EGTA Krebs histamine (0.1
3000 M)  carbachol (0.001 3000 niM) Krebs solution
0.02 mM EGTA  Krebs
100 Spetasin (50-200
nv) 15
histamine  carbachol - Spetasin pDz'
()
carbachol (0.2 mV) nifedipine (10 V)
Spetasin (100 "M)  Sisopetasin (100 V)
(). b-adrenoceptor
histamine (10 nM) b-adrenoceptor blocker, propranolol (1
nM) 15 Spetasin (0.1 300 nM) Sisopetasin
(0.1 300 ) - propranolol
( )-Adenylate guanylate cyclase
Histamine (10 niM) adenylate cyclase 2'5-
dideoxyadenosine (DDA, 10 niM) soluble guanylate cyclase methylene
blue (25 niV) 15 Spetasin (0.1 300nM)  Sisopetasin
(0.1 300 miv) DDA  methylene blue Spetasin  Sisopetasin

() ATP-



histamine (10 M) ATP-
glibenclamide (10 nM) 15 Spetasin (0.1 300
nmM) Sisopetasin (0.1 300 V) -

(). Nitric oxide synthase
histamine (10 M) nitric oxide synthase NY-

nitro-L-arginine (L-NNA, 20 V) 15 Spetasin
(0.1 300 nM) Sisopetasin (0.1 300 niM) —

(). Peptidase
histamine (10 M) peptidase  a-chymotrypsin (1
U/ml) 15 Spetasin (0.1 300 niV) S
isopetasin (0.1 300 V) -
( ). adenylate  guanylate cyclase
Histamine (10 M) Spetasin (10
20 nM) Sisopetasin (10 20 nmiM) 15
adenylate cyclase forskolin (0.0001 30 nM)  guanylate cyclase
sodium nitroprusside (0.0001 30 M) Spetasin Sisopetasin

forskolin  sodium nitroprusside -
( ).  phosphodiesterase activity

Thompson and Appleman (1971)  Cook et al. (1995)

20 30 medium
(pH 7.4) 100 mM TrissHClI 2 mM MgCl, 1 mM dithiothreitol
potter glass/teflon homogenizer (Glas-Col, Terre Haute, IN, U.S.A)
9500 rpm 15 25m 100
m 40 mM TrissHCI (pH 80) 25 mM MgCl, 375 mM b-

mercaptoethanol 0.1 U camodulin 10 nM CaCl, 1 nM cAMP 0.2 nCi
[*HJcAMP 1 nM cGMP 0.2 nCi [*H]JcGMP  IBMX (30 300 nM) S
petasin (30 300 V) Sisopetasin (30 300 niM)

37 30 3
20 M Ophiophagus hannah snake venom (1 mg/ml) 37
10 500 m Dowex (1x 8-200, 1:1 40 mM Tris-HCI
pH 8.0) 30 [*H]cAMP
[*H]cGMP 150 m liquid scintillation counter
radioactivity PDE [*H]cAMP

[FH]cGMP  10%



Atropine forskolin sodium nitroprusside 2',5'-dideoxyadenosine (DDA)
nifedipine indomethacin  propranolol  (-)-isoprenaline hydrochloride N"-nitro-
L-arginine a-chymotrypsin  histamine carbachol aminophylline ethylene
glycol-bis (b-aminoethyl ether) N,N,N',N'-tetraacetic acid (EGTA) glibenclamide
methylene blue Trizma base DL-dithiothreitol b-mercaptoethanol cAMP
cGMP camodulin  Dowex Ophiophagus hannah snake venom
Sigma Chemical Co., MO., U.SA.. [*H]cAMP  [*H]cGMP Du Pont Co., MS,
U.S.A. 3-Isobutyl-1-methylxanthine (IBMX) Aldrich Chem. Co., WI, U.SA.

petasin isopetasin  Spetasin  Sisopetasin
(Figurel)

Nifedipine  voltage operated calcium channel (VOC) propranolol
b-adrenoceptor glibenclamide ATP- DDA
methylene blue adenylate cyclase  guanylate cyclase N"-nitro-L-
arginine  nitric oxide synthase a-chymotrypsin  peptidase forskolin

sodium nitroprusside adenylate cyclase  guanylate cyclase
IBMX  aminophylline  phosphodiesterase
glibenclamide dimethylsulfoxide (DMSO) nifedipine
petasin  iso-petasin  Spetasin  is0-Spetasin DMSO (1:1)
forskolin  indomethacin DMSO
0.1

Petasins
aminophylline 1 mM 100% IC50
50% Spetasin S
isopetasin 100% Spetasin Sisopetasin
( ) Ariens &
van Rossum (1957) van den Brink and Lien (1977) Spetasin
Sisopetasin pD2' Spetasin Sisopetasin
agonist -log potency
Sisopetasin pA2 Sisopetasin
agonist Sisopetasin
-log competitive antagonism PDE
radioactivity ~ 100%
( PDE ) radioactivity 0%
Spetasin  Sisopetasin  IBMX PDE ( )
PDE + (mean +
SEM) Student's t test
(one-way analysis of variance, one-way ANOVA)
(least significant difference, LSD) P
0.05



histamine (10 mM) carbachol (0.2 mM) KCI (30
mM)  leukotriene D, (10 nM) 1.27+ 0.13 (n=25) 1.29+ 0.15
(n=28) 1.14+ 0.11 (n=26) 1.34+ 0.12 (n=21) g
56.44+ 578% 70.11+ 8.15% 64.41+ 6.21%  67.29+ 10.48%

petasins
(Figure 2) petasins  histamine carbachol KClI leukotriene D,
IC,, (Table 1) IC, Spetasin  IC,,
petasin Sisopetasin  carbachol ~ KCl IC,, isopetasin
histamine leukotriene D, IC,, 300 M petasin  histamine
KCl IC,, isopetasin petasin  carbachol IC,,
isopetasin  IC,, Spetasin  carbachol  KCl
IC,, Sisopetasin  IC,, (Table1)

histamine (0.01 1000 M) carbachol (0.001 1000 niM)
Sisopetasin (50 200 niM)

carbachol -
(Figures 3D) Sisopetasin (100 200 niM)
histamine -
(Figure 3C) Spetasin (20 200 M)
histamine carbachol -

(Figure 3A,B) Spetasin S
isopetasin pDz' pA2 Spetasin  histamine
pDz' Sisopetasin  histamine pDz' carbachol pDz'

carbachol pA2 (Table 2) Schild
y=6.56 + 1.30 (r=0.9626) 1.299 + 0.232 (n=6) unity
atropine carbachol pA2 Sisopetasin  carbachol pA2
(Table 2)
histamine (100 M)  carbachol (10 niV1)
Spetasin (50-200 M)
(Figure 4) -logIC,, 3.76 + 0.32 (n=6), 4.05+
0.07 (n=5) (Table 2)
(60 mM)

nifedipine (1 M) Spetasin (20 200 M)  Sisopetasin
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(10 200 miv) (Figure 4) -

loglC,, 450+ 0.31(n=6) 4.82+ 0.15(n=6) (Table 2)
0.02 MM EGTA  Krebs Spetasin (50-200 M)
histamine  carbachol -
(Figure 5)
carbachol (0.2 nM) nifedipine (10 nM) 24 + 10 % (n=6)
Spetasin (100 M)  Sisopetasin (100 Vi) 80+
9% (n=6) 72+ 8% (n=6) aminophylline (1 mM)
(Figure 6)
b-adrenoceptor
Propranolol (1 niv) isoprenaline - (
) propranolol (1 niV) Spetasin Sisopetasin
histamine (10 M) - (Figure7)
.Adenylate  guanylate cyclase
DDA (10 mM)  methylene blue (25 niM) Spetasin  Sisopetasin
histamine (10 V) - (Figures 8, 9)
ATP-
Glibenclamide (10 niV1) cromakalim -
( ) glibenclamide (10 nM) Spetasin Sisopetasin
histamine (10 niM) - (Figure 10)
. Nitric oxide synthase
NY-nitro-L-arginine (20 nM) Spetasin  Sisopetasin histamine
(20 miv1) - (Figure 11)
. Proteolytic enzyme
a-Chymotrypsin (1 U/ml) Spetasin  Sisopetasin  histamine (10

nM) - (Figure 12)

adenylate  guanylate cyclase
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Spetasin (10 20 M) Sisopetasin (10 20 nM) forskolin
sodium nitroprusside —
forskolin  sodium nitroprusside pD, (Figures 13, 14; Table 3)

phosphodiesterase
Spetasin (100 300 niM) cAMP-PDE 100
nM 300 nM 339+ 6.1% (n=5) 33.2% 4.4% (n=6)
Sisopetasin (30 300 nM)  cAMP-PDE
cGMP-PDE (Figure 15)
(Petasites formosanus Kitamura) petasins

petasin isopetasin  Spetasin  Sisopetasin  histamine (10 niM)
carbachol (0.2 mM) KCI (30 mM)  leukotriene D, (10 nM)
- IC,, (Figure 2, Table 1)
Sisopetasin carbachol KCI

IC,, 10 mM
Spetasin 1Cs, 10 nivi (Table 1) -
petasins petasins
petasin (isomerization) isopetasin

Petasites hybridus leukotriene (Bickle et d.,
1994) Sisopetasin  histamine
leukotriene D, Spetasin

petasins Spetasin  Sisopetasin

(agonist)  histamine  carbachol
(biphasic) (phasic contraction) (tonic
contraction) (Bolton, 1979)
(Foster et a., 1983 Goodman et al., 1987 Chidekel & Anireddy,
1991) voltage dependent calcium channels (VOC) /
receptor operated calcium channels (ROC) (Creese & Denborough, 1981
van Breemen et al., 1982 Putney, 1986 Bauer et a., 1991 Matyaset al., 1995)
Sisopetasin  carbachol (Figure 3D) S
petasin histamine  carbachol KCl
(Figures 3A,B,C) Sisopetasin carbachol PA,
pDz' Spetasin  carbachol pDz' (Table 2)
Sisopetasin (antimuscarinic effect)
0.02 mM EGTA Spetasin  carbachol  histamine
(Figure 5)
(60 mM) VOC
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(Godfraind et al., 1986 ; Putney, 1990) KCI

Spetasin  Sisopetasin Ca*
(Figure 4) nifedipine 10 nM (Tsien, 1990)
(Figure 6) Spetasin  Sisopetasin
VOC
Spetasin Sisopetasin b-adrenoceptor
propranolol 1 v (Figure 7) b-adrenoceptor
Spetasin Sisopetasin adenylate cyclase 2'\5-
dideoxyadenosine (Johnson et al., 1989 Sabouni et a., 1991)  guanylate cyclase
methylene blue (Gruetter et al., 1981) (Figures 8-9)
adenylate cyclase (Katsuki & Murad, 1977) guanylate cyclase
(Diembycz & Raeburn, 1991) Spetasin  Sisopetasin
ATP- glibenclamide 10 nM (Murray et a., 1989)
(Figure 10) Spetasin Sisopetasin ATP-
(Allen et a., 1986 Cook, 1988 Raeburn & Brown, 1991 Lin
et a., 1993) epithelium-derived
relaxing factor (EpDRF) NO
VIP (Barnes et a., 1985 Hay et al., 1986 Holroyde, 1986 Goldie et a., 1990
Morrison et al., 1990) NO synthase NY-
nitro-L-arginine (20 ni1) VIP  pepditase a-chymotrypsin (1 U/ml)
Spetasin  Sisopetasin (Figures 11, 12)
NO VIP
Spetasin  Sisopetasin (10 20 niM) forskolin sodium
nitroprusside - forskolin sodium
nitroprusside  pD, (Figures 13, 14; Table 3) S
petasin  Sisopetasin cCAMP-  cGMP-dependent PDE
cAMP  cGMP (Schultz et a., 1977 Seamon et al., 1983 Lorenz
& Wells, 1983 Suzuki et a., 1986 Diembycz & Raeburn, 1991 Torphy &
undem, 1991 Zhou & Torphy, 1991) Spetasin (100 300 M) cAMP-
dependent PDE 40 % S
isopetasin (30 300 niM) cGM P-dependent
PDE (Figure 15)
CAMP-  cGMP-dependent PDE Spetasin  cAMP-dependent
PDE
petasins (Spetasin Sisopetasin) petasins
(petasin  isopetasin) Spetasin
cAMP-PDE non-specific antispasmodic
Sisopetasin

(antimuscarinic effect)

NSC89-2320-B038-003
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Spetasin : R=COCH=CH(SCH}) Sisopetasin : R=COCHZCH(SCH)

Fig. 1 Structures of petasins, isolated from Petasites formosanus Kitamura
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Fig. 2 The log concentration-response curves of Spetasin (e ), Sisopetasin (
m ), petasin (A) and isopetasin (V) in guinea pig trachealis precontracted
with 10 nM histamine (A), 0.2 "M carbachol (B), 30 mM KCI (C) and 10 nM
leukotriene D, (D). Each point represents the mean = SEM. of 4-8
experiments. The relaxation level of 1 mM aminophylline, added at the end of
experiment, was set as 100% of maximum relaxation.
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Fig. 3 The inhibitory effects of Spetasin (A, B) and S-isopetasin (C, D) (o , vehicle,

,10nM; 0,20 mM; e , 50 MM; 4,100 mM; m , 200 "M ) on cumulative histamine
(A, C)-, and carbachol (B, D)-induced contractions in guinea-pig trachealis in norma
Krebs solution. Each point represents the meantSEM of 4-11 experiments. The

relationship between -log concentration of Sisopetasin and log (DR-1), where DR is
the dose ratio, is shown in the inset.

19



_. 120 120

X

S 100

c 100

S 80 80

s

S 60 — 60

o

o

= 40 - 40

=

X 20 — 20

= o 0
T T T T T T T T T T T UNRELERRL | T UL RRL
0.01 0.1 1 10 0.01 0.1 1 10

C,\olOO -

= 100

S 80 —

© 80 —

S 60

S 60 —

o 40 -

g 40 —

£ 20 20

©

= 0 0 —
\\H‘ T \\\\H‘ T \\\\H‘ T \\\\H‘ \\H‘ T \\\H\‘ T \\\H\‘ T \\\H\‘
0.01 0.1 1 10 0.01 0.1 1 10

[CaCl,] (mM) [CaCl,] (mM)
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Fig. 6 The tracing graph of relaxant effects of Spetasin and Sisopetasin on carbachol
(CCh, 0.2 mM)-induced precontraction in guineapig trachealis in norma Krebs
solution. SPetasin (100 mM) or Sisopetasin (100 nM), compared to their vehicle,
further relaxed nifedipine (Nif, 10 nM)-remaining tension. At the end of the
experiment, aminophylline (AP, 1 mM) was added to completely relax the trachedlis.
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Fig. 7 The antagonistic effects of propranolol (1 mM) on the relaxant response of
cumulative Spetasin (A) and Sisopetasin (B) to precontraction induced by histamine
(20 mM) in guinea-pig trachealis. Each point represents meant SEM of 6 experiments.
The relaxation of 1 mM aminophylline, added at the end of experiment, was set as
100 % of maximal relaxation.
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Fig. 8 The antagonistic effects of 2,5 -dideoxyadenosine (10 niM) on the relaxant
response of cumulative Spetasin (A) and Sisopetasin (B) to precontraction induced
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experiments. The relaxation of 1 mM aminophylline, added at the end of experiment,
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cumulative Spetasin (A) and Sisopetasin (B) to precontraction induced by histamine
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The relaxation of 1 mM aminophylline, added at the end of experiment, was set as
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Fig. 10 The antagonistic effects of glibenclamide (10 niM) on the relaxant response of
cumulative Spetasin (A) and Sisopetasin (B) to precontraction induced by histamine
(10mM) in guinea-pig trachealis. Each point represents meant SEM of 6 experiments.
The relaxation of 1 mM aminophylline, added at the end of experiment, was set as
100 % of maximal relaxation.
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Fig. 11 The antagonistic effects of N"-nitro-L-arginine (20 nmM) on the relaxant
response of cumulative Spetasin (A) and Sisopetasin (B) to precontraction induced
by histamine (10 mM) in guinea-pig trachealis. Each point represents mearnt SEM of 6
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Fig. 12 The antagonistic effects of a-chymotrypsin(1 U/ml) on the relaxant response
of cumulative Spetasin (A) and Sisopetasin (B) to precontraction induced by
histamine (10 M) in guinea-pig trachealis. Each point represents meantSEM of 6
experiments. The relaxation of 1 mM aminophylline, added at the end of experiment,
was set as 100 % of maximal relaxation.
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Table 1l TheIC,, (mM) of petasinsfor the inhibitory effect on the precontraction
induced by histamine, carbachol, KCl or leukotriene D, (LTD,) in isolated guinea-pig

trachealis.
Histamine Carbachol KCl LTD,
Petasins (10 nM) (0.2 m\1) (30 mM) (10 nM)
Petasin 40.83 + 13.95 (6) 65.13 + 25.24 (8) 47.69 + 12.30 (8) 45.85 + 10.23 (8)
|sopetasin 134.77 + 30.29(4)*  66.72 + 7.30 (4) 100.27 + 17.58 (4)* ND
Spetasin 5.72 +0.60 (7)* 9.41 +1.33 (8)* 7.80 + 1.16 (7)** 9.35 + 3.42 (8)**
Sisopetasin >300 (8) 11.73+2.89 (8)***  7.19+ 1.85 (7)** >300 (5)
Positive control
Aminophylline  9529+2080(7)  117.40+31.74(6) 133.35+ 32.14 (7) ND

Values are presented as means = S.E.M. (n), where n is the number of experiments.
* P<0.05, ** P<0.01, and *** P<0.001 when compared their IC,,s of petasins by one-
way ANOV A and then compared with their corresponding non-sulfur containing

petasins, by LSD analysis.

#P<0.05, and™ P<0.01 when compared their IC,s of petasins by one-way ANOVA
and then compared with their structural isomers, by LSD analysis.

ND: not determined.
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Table 2 pD,¢ pA,and -log IC, values of Spetasin and Sisopetasin in non-depolarized and depolarized guinea-pig trachealis

Non-depolarized preparation Depolarized preparation
Normal Ca?* (2.5 mM) Ca*-free (0.02mM EGTA) K*(60mM)  His (100 miM) CCh (10 nM)
His CCh His CCh ca ca ca
Spetasin
pD,¢ 4.10+0.08 (18) 3.95+0.11 (20)** 4.20+0.17 (12)*  4.74+0.16 (14)
-loglCs, 4.50+0.31 (6) 3.76+0.32 (6) 4.05+0.07 (5)*
Sisopetasin
PA, 5.36+0.09 (25)***
pD,¢ 3.15+0.11 (14)*** ND ND
-loglCs, 4.82+0.15 (6) ND ND
Atropine
PA, 8.92+0.08 (7)%*
Aminophylline
pD,¢ 3.76+0.10 (12)** 3.57+0.12 (17)*

Values are presented as meanstSEM (r); nisthe number of experiments.

* P<0.05, ** P<0.01, *** P<0.001 when compared with the corresponding pD,¢value of Spetasin.

# P<0.05, ## P<0.001 when compared with the pD,¢vaue of Spetasin against CCh in Ca®*-free Krebs solution with 0.02 mM EGTA.
$$$ P<0.001 when compared with the corresponding pA, value of Sisopetasin.

ND: not determined

His: histamine

CCh: carbachal
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Table 3 Effects of Spetasin and Sisopetasin on the relaxant action of forskolin or
hitvhprusside in isolated guinea-pig trachealis precontracted by histamine (10

pD, value
Forskolin Nitroprusside
Spetasin

Vehicle 7.08 £ 0.08 (14) 6.13+ 0.20 (6)
10 MM 7.26+0.11 (7) 6.34 + 0.21 (6)
20 mM 7.32+0.13 (15) 6.59 £ 0.16 (5)

Sisopetasin
Vehicle 7.08 £ 0.08 (14) 6.13+ 0.20 (6)
10 nM 7.36 £ 0.13 (15) 6.41+ 0.18 (6)
20 mM 7.13+£0.13(9) 6.70 £ 0.21 (6)

Values are expressed smean £ SEM (n), and n is the number of experiments.
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