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Contractile effect of 6B-acetoxy nortropane on human and guinea pig airways
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AIM: To study the effects of 6f3-acetoxy
nortropane { 63-AN) on the isolated human
bronchus and guinea pig trachea. METHODS:
The contractile effect of 63- AN was studied with 4
different muscarinic receptor antagonists on
airway strips and inositol phosphates ( IP )
accurnulation in human bronchi was determined

HPLC with radicactivity flow detector.
RESULTS: (1) The maximal contractile effect
of 63-AN was lower than that of acetylcholine
(ACh) on the human bronchus and equal to that
of ACh on the guinea pig trachea. 63-AN was
more potent than ACh on both preparations (68
and 245 times, respectively). (2) The contrac-
tile effect of 63-AN was inhibited by atropine (1
— 100 nmol-L"!) or para-flucro-hexahydro-sila-
difenidol (0.01 — 1 pmol * L-!'), but not by
methoctramine ( Met, 0.3 - 3 umol L) or
pirenzepine (0.01 — 0.1 pmol*L~!), and was
not enhanced by tacrine (0.1 — 10 pmol*L~') or
by epithelium removal. (3) The 63-AN
induced-contraction was accompanied by an
increase of IP levels in isolated human bronchial
tissues. {4) 68-AN had an inhibitory effect on
isoprenaline (Iso)-induced relaxation, which was
abolished or reduced by Met 0.3 pmol » L™'.
CONCLUSION: 63-AN exerts a potent
contractile effect imvolving muscarinic M; receptor
stimulation on airway smooth  muscle.
Muscarinic M; receptor stimulation is furthermore
partially involved in the antagonism by 63-AN on
the Iso-induced relaxation of the guinea pig
trachea.
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63-Acetoxy nortropane ( 63-AN )}  was
synthesized according to the structure of the Bao
Jia Sou ( 2B-hydroxy-6B-acetoxy nortropane )
isolated in 1979 from a Chinese hetb, Erycibe
Obtusifolia Benth, traditionally used for the
treatment of arthralgia or fever"2) . Struc-
turally, 63-AN belongs to the cholinergic tropane
family close to atropine ( Atr)t-8 63-AN, a
muscarinic receptor agonist in various tissues,
induces bradycardia, contraction of the ileal
longitudinal smooth muscle in rats, and myosis in
rabbits. These effects of 63-AN are inhibited by
Ar'?). Besides muscarinic Mj receptors ,
muscarinic M; receptors are present in great
amounts in the bronchial smooth muscle!®%) .
The contraction of smooth muscle induced by the
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stimulation of muscarinic M; receptors is linked to
inositol phosphate (IP) prm:lun:tionls"SJ , whereas
muscarinic M, receptor stimulation produces an
inhibition of adenylyl cyclase activity through a G;
proteian'] and can therefore inhibit isoprenaline
(Iso) action”"®_ This inhibitory effect on
stimulation of muscarinic M, receptors has
however not been observed on the guinea pig

tracheaFg]]. human bronchi! or on bovine
trachea' '’ .
The present work was to study the

contractile effect of 63-AN and muscarinic
receptors involved in the contraction on the
isolated human bronchus and guinea pig trachea
as well as the relationship between the contractile
effect of 63-AN and the production of IP on the
human bronchi. The role of airway epithelium
was also studied, since the epithelium appeared
to act as a diffusion barrier or release a relaxant
factor ( EpDRF ), or might play a metabolic

role! 117,

MATERIALS AND METHODS

Drugs 63-AN was synthesized by
Shanghai Second Medical University { Shanghai,
China); acetylcholine HCl ( ACh, Pharmacie
Centrale des hdpitaux, Paris, France): atropine
(Atr), isoprenaline (Iso), and tacrine (Tac)
( Sigma )3 pirenzepine { Pir ), methoctramine
{Met), and ~fluoro-hexahydro-sila-difenidol
{ p-F-HHSID SNH-\'B( RBI, Bioblock Scientific,
Iikrick, France). Theophylline sodium anisate
(Theo) was used as the proprietary injectable
soluion ( theophylline Bruneau, Promidel,
Courbevoie, France). All agents were dissolved
in distilled water. and diluted with Krebs'
solution. Myo—[ 2-H]} inositol with PT6-271
(specific radioactivity, 370 — 740 TBq*mol ')
was purchased from Amersham International
( Amersham, Buckinghamshire. UK).

Tissue preparation Guinea pig trachea
and human bronchial tissues were obtained and
prepared® .  Each set of guinea pig or human
airway rings were suspended under an imtial force
of 2 g in Krebs’ solution, bubbled with 95 % O,
+5 % CO; and maintained at 37 °C. Changes
in force of contraction were measured
isometrically with Pioden UF-1 strain gauges
( PHYMEP, Paris, France ) and amplifiers
(EMKA, Pars, France) and displayed on a

recorder Linseis 165514 ( PHEBUS, Pans,
France). After 1-h equilibration with washing
every 15 min, the resting load was between 2 and
2.5 g. Under these conditions, the responses
obtained were reproducible

Protocol Each experiment began by
contracting the airway strips with or without
epithelium to maximal tension with ACh 3 mmel
*L-!, then. maximal relaxation was induced by
Theo 3 mmol * L~'. A 1-h rest period was
observed with washing every 15 min before the
beginning of the experimental procedure.
Thereafter. cumulative concentration-response
curves to ACh or 6B3-AN were constructed by
applying increasing concentrations of drugs at 5 ~
15-min intervals in logarithmic increments.
Only one concentration-response curve with 63-
AN or ACh was recorded in each ring. In a
separate set of experiments, At (1 - 100
nmol*L~"), Pir {0.0F — 1 pmol *L™1), Met
(0.3 -3 pmol-L~'), p-F-HHSiD (0.01 - 1
pmol*L=1), Tac (0.1 — 10 pmol-L~!') or 63-
AN (0.1-10 nmol* L") were added to the bath
30 min before the addition of 63-AN and/or
ACh. An involvement of muscarinic M receptor
stimulation was investigated by studing 6f3-AN-Iso
interaction on the guinea pig trachea. The effect
of 63-AN on the IP accumulation was evaluted at
concentrations similar to those used for functional
studies in order to establish a relationship
between  phosphoinosiide  metabolism  and
functional responses in the human bronchus
smooth muscle strips.

IP determination  The human bronchi
were cut into fragments with a minimum of
cartilaginous tissue and were washed in Krebs'
solution. They were then incubated in 15 — 25
mL Krehs’ solution containing mya—[aH] mositol
74 MBq+L~! buffer at 37 °C for 4 h. Afier this
incubation, the tissue was washed twice with 45
mL Krehs’ solution. Aliquots of washed tissue
(1 -2 g) were placed in 1 mL Krehs’ solution
containing LiCl 10 mmol * L~! and incubated at
37 °C for 30 min. During the stimulation with
ACh or 63-AN, LiCl was present to enhance the
accurmulation of IP by blocking the breakdown of
inositol monophosphate to inositol. The samples
were stimulated with 20 uL buffer ( control ),
ACh (10 nmol*L~! = 3 mmol*L~") or 63-AN
(10 nmol+L™' —0.1 mmol+L-") at 37 C for 5
min. Stimulation was stopped by the addition of
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3 mL chloroform: methanol : HC1 { 100:200:4) 10
mol * L™! with vigorous shaking and the tissues
placed in a cold water bath {4 C) were crushed
with an Uliratnrax, { Bioblock, Ilkirch,
France). The samples were centrifuged at 1000
x g at 4 C for 10 min. The aqueous phases
were brought to pH 4 with 50 pl. of ammonium
formate 1.2 mol-L™"' and stocked at — 80 “C un-
til analysis. Separation of IP was performed('?).

Data analysis Contractile responses and
IP accumulations were expressed as % of the
maximal response to ACh 3 mmol - L7%.
Reiaxatant effects of Iso were expressed as % of
the relaxation obtained with Theo 3 mmol* L',
added at the end of each experiment. The data
were expressed in terms of pD}, for potency and
E o for efficacy. pD; valnes were derived
graphically from the lg concentration-response
curves and defined as the negative lg of 63-AN or
ACh concentration that caused 50 % of its
maximal effect. Iso pD, was defined as the
negative lg of the concentration of Iso which
indnced a relaxation equal to 50 % of its own
maximal effect. The maximal effect { £, ) was
calculated as the maximal increase in tone
induced by 63-AN and expressed as a % of the
maximal tension induced by ACh 3 mmol-L"!,
Antagonism with Atr was analyzed'®). Data
were expressed as ¥ + s, and compared with
paired or unpaired ¢ test.

RESULTS
Contractile effects of 6p-AN on the

isolated human bronchus and guinea pig
trachea 63-AN induced a concentration-
dependent contraction of the human isolated
bronchus with a pD, value of 7.48 £ 0.09 and an
E 8 % +3 % (% vs ACh 3 mmol*L™ !, n
=15). 6B3-AN was 68 times more potent but
less effective than ACh. On the isolated guinea
pig trachea, 683-AN was as efficent as ACh and
245 times more potent than ACh (Tab 1).

Influence of Tac on 6B-AN- or ACh-
induced contraction of smooth muscle of
human or guinea pig airway On both
preparations, the cholinesterase inhibitor Tac
(0.1 - 10 pmol - L~ ') did not modify 68-AN-
induced contraction, but potentiasted ACh-
induced contraction by increasing pl); values
{Tab 1).

Influence of epithelium removal on
contractile activity of 6f-AN and ACh The
63-AN-induced contraction was not modified by
epithelium removal in the isolated human and
guinea pig airways. In contrast. epithelium
removal enhanced the ACh-induced contraction
on the smooth muscle in both preparations by
increasing pD» valnes (Tab 1).

Effect of Atr, Pir, Met, and p-F-
HHSID on 6p-AN confraction responses Atr
1 — 100 nmol - L™! concentration-dependently
inhibited the 63-AN-induced contraction on the
isolated human bronchus { Fig 1A) and guinea
pig trachea {Fig 1B). The pA; values of Atr
were 9.03 + 0.11 {(n = 4) on the human
bronchus and 8.80 + 0.24 (7 = 6) on the guinea

Tab1l. E,., and pD; values of 6f-acetoxy nortropane and acetylcholine in the absence (control) and presence of tacrine, and
with (intact) or without {removed) epithelium on the isolated human broochus and the guinea pig trachea. n = mmmber of
human hmgs or guinea pigs. ¥ 5. "P<0.05, “P<0.01 vs control,
Human bronchus Guinea pig trachea
65-acetoxy nortropane aretylcholine 6B-acetoxy noriropane acetylcholine
n (47} B pd Eow " (47 B n p; F o
- 1g mol-L"! % -lg mol L' % — lg mol-L"! % -lgmol LT %
Contral 15 7.5+0.4 8511 15 5.65x0.46 100 13 7.4z0.6 9+3 12 50x1.3 100
Tacrine/pmol 1,71
0.1 4 7.2:+0.9 89+2 4 §.2+0.3 8214 8 7.220.5 98+2 8 58:0.8 964
1 7 7603 B3x? 9 6904 BEx7 8 7.2x0.9 100 &  6.5x1.37 95=x7
10 4 7.6+£0.3 85210 7 7.2+0.4° BHxB 8 7.2x0.6 97x9 8 6.5+1.1° 98 + 10
Epithelium
intact 5 7.460.20 82+17 5 5.90x0,29 100 3 7.4x0.9 100 3 4.9+0.7 100
removed 4 7.5+£0.3 T+9 4 6.120.4 964 B 7.420.8 9+2 B 5.8+0.8 9712
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Human bronchus Guinea pig trachea

Percentage of the maximal contraction/ %

imm 9 8 7 6.5 4 3

6p-Acetoxy nortropane/ - lg mol:L"'

Fig 1. Inhibitory effects of atropine (A, B, O control, @ 1, x 10, (] 100 nmol-L~!), pirenzepine (C, D, { control,
@ 0.01, x 0.1, (] 1 pmol: L'}, methoctramine (E, F, O control, @ 0.3, x 1, (13 pmol- L°!) and para-fluoro-
hexahydro-difenidol (G, H, O control, @ 0.01, x 0.1, [] 1 pmol-L-!), on the comtraction evoked by 6f-AN on the
humsn bronchns and the puinea pig trachen. 7 =4 — 8 humsn lungs or poinea pigs. * + 5.

5P < 0.05, °P < 0.01 vs control.

pig trachea. Under similar conditions, pA; bronchus and the
values of Atr on ACh were 9.41 +0.22 (n =4)  respectively.
and 8.60 + 0.22 (n = 6), on the human Pir.

guinea pig trachea,

a selective muscarinic M, receptor


http://www.cqvip.com

BIBLID: ISSN 0253-9756

Acta Pharmacologica Sinica 7 5 $H 22 31

1998 May; 19 (3} - 245 -

antagonist, decreased the contraction induced by
63-AN only at 1 pmol-L™'(Fig 1C, D). Met,
a selective muscarinic M, receptor antagonist, at
0.3 or 1 umol * L™!, did not influence the
coniraction by 63-AN on the human bronchus
(Fig 1E) and the guinea pig trachea (Fig 1F).
A small but significant inlibition was observed for
Met 3 pmol-L~! on the human bronchus.

p-F-HHSiD (0.01 — 1 gmol - 1.7'), a
selective muscarinic M; receptor antagonist,
significantly inhibited the contration of isolated
airways (Fig 1G, H). The pA; values of p-F-
HHSiD on 63-AN were 7.74 £ 0.08 (n = 8)
with a slope of 0.99 + 0.09 on the human
bronchus and 7.80+ 0.12 (n = 6) with a slope
of 1.03 = 0.07 on the guinea pig trachea,
respectively. The antagonism appeared to be the
competitive type.

Influence of 6f-AN on ACh-induced
contraction 63-AN did not modify the
conceniration-response curves for ACh in the
guinea pig trachea {Fig 2).

100
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-3
~
£
2 s0p
= =}
=
]
WE x
.
Q
0 L L A A L PR E—
C 7 6 5 q 3 2
Acetylcholine/ — g mol-L.~"
Fig 2. Influence of 66-AN (@ 0.1, x 2, (] 10 nmwl-

L™!'} on the ACh concentration-response amves [ O
control) on the guimea pig trachea. ¢ = control before
addition of ACh. n =6 puinea pigs, ¥ = 5.

Influence of 6B-AN and ACh on IP
accumulation in human bronchus Incubation
of bronchial fragment with 63-AN 10 nmol-L™!
— 0.1 mmol'L™! for 5 min induced a
concentration-dependent increase of total IP with
ECsp value (95 % confidence limits) 8 {6 — 14)
pmol*L™'and an £, 76 % + 3 % (% wus ACh
1 mmol-L™'). Under similar conditions, ECs
of ACh was 63 (45—-91) pymol-L™'and £,
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Fig 3. Total [*H]inositol pbosphates acommlation of

buman bronchial tissues induced by 6f-AN 10 nmel- L' -
0.1 mmol-L~! and ACh 10 pmol*L~' =1 mmol-L~'. n
=4 - 6 human hings, X + 5. PP <0.05, *P<0.01 »s
ACh.

100 % (Fig 3).

Effect of 68-AN on the Iso-induced
relaxation in the guinea pig trachea Iso-
induced relaxation of the guinea pig trachea was
conceniration-dependently inhibited by 63-AN
(2, 10, or 100 nmol- 1.~ ') with a maximum shift
of 17-fold with 63-AN 10 pmol - L™ ( Fig 4A,
C). The inhibition of Iso-induced relaxation by
63-AN was markedly reduced in the presence of
Met 0.3 pmol-L™'(Fig 4B, D).

There was no significant effect of Met 0.3
pmol*L.™! on the basal tone or on the magnitude
of tension induced by 63-AN prior to performing
concentration-response  eurves for Iso ( Fig

4A, B).

DISCUSSION

63-AN induced a concentration-dependent
contraction of smooth muscle of human or guinea
pig airways, in vitro. G63-AN is a very potent
agonist, 68 and 245 times more potent than ACh
on the isolated human bronchus and guinea pig
trachea, respectively. In addition, the efficacy
of 63-AN was very similar to that of ACh in both
preparations, showing that 63-AN is a full
agonist, at least on guinea pig trachea.

Our studies show that 63-AN is a cholinergic
agonist since its action was inhibited by Atr.
Morever, 63-AN contracted airway smooth muscle
through stimulating muscarinic M; receptors since
its effect was inhibited by p-F-HHSID, a
muscarinic Mj receptor antagonist, but not by
Met, a muscarinic M; receptor antagonist or bv
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Fig4. Relaxation of the guinen pig traches induced by isoprenaline at basal tone [ @) or following contraction induced by

incressing concentration of 65-AN (4 2, O 10,
methoctramnine 0.3 pumol - L~1.,
contraction (g) (A, B).

A 100 mmol- L") in the absence (A, C) or in the presence (B, D) of
Resulis are expressed as relaxation vs theophylline 3 mmol-L-!(C, D) or as force of
In the inset, are represented the shifis to the right of the concentration-response curves for

isoprenaline induced by the 3 different concentrations of 6f-AN (2, 10, 100 ol * L~') end determined at 50 % of

redaxation. BT =Dbasal tome, et = nwthoctramine, Theo = theophylline,
*P < 0,05, {P <0.01 vs in the absence of Met.

P>0.05, P <0.05, P <0.01 vs control.

Pir except in concentrations where Pir is no
longer specific for muscarinic M;"¥.  This
result was confirmed by increasing IP production
induced by 6B3-AN.

QOur results demonstrated that the effects of
ACh were SIgmﬁcanﬂy potentiated by epithelium
removal'®, and that, contrast to ACh. 6B-AN
appeared in human bronchi as well as in the
guinea Pig trachea independent of cholines-
terases, since the effects of 68-AN were not
potentiated by tacrine, an inhibitor of
cholinesterases. Taking the 2 first hypothesis
into account ( see introduction}, our results
suggest that the diffusion of 65-AN in the lung
tissues seem to be better than that of ACh, and

r =46 guinea pigs, ¥+ 5.

that 63-AN do not participate in the release of the
epithelial relaxant factar.

63-AN induced a concentration-dependent
inhibitory effect on Iso by progressively shifting to
the right the concentration-response curves of this
compound. Met 0.3 pmol- L~!, which did not
affect the contractile effect of 68-AN (that is to
say supposed M; selective ), abolished or
significantly reduced the 63-AN inhibitory effect.
This suggests that besides its muscarinic M,
agonustic effect, 63-AN has muscanmc M;
receptor agonistic effect on airways. Met did not
completely reduce the 63-AN-induced functional
antagonism, which was compatible with the
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participation of muscarimic My receptors in the
functional antagonism. Indeed, it has been
shown that the increase of IP synthesis, in
particular inositol triphosphates, on the one
hand, and diacylglycerol, on the other hand,
induces phosphorylation of the Fadrenoceptor and
participates in the inhibition, by chohnerglc
agonists, of adrenoceptor agonistic effects'®)

To conclude, 6B3-AN exerts a very potent
cholinergic activity on airway smooth muscle.
63-AN-induced contractile response was mediated
mainly by stimulating muscarinic M; receptors
and increasing the IP synthesis. 6B-AN exerts
an agonistic effect on muscarinic M, recepiors,
revealed by the functional antagonism to Iso.
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