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Abstract 

The effect of a carbanilic local anesthetic pentacaine [( ___ )-trans-2- (l-pyrrolidinyl)cyclohexyl ester of 3(n)-pentyloxyphenyl-carbanilic 
acid] and some of its deriwltives {K-1905 [(+)-trans-2-diethylaminocyclopentyl ester of 3(n)-pentyloxyphenyl-carbanilic acid], K-2002 
[( ___)-trans-2-(1-pyrrolidinyl)cyclohexyl ester of 4(n)-pentyloxyphenyl-carbanilic acid], K-2006 [( + )-trans-2-(1-pyrrolidinyl)cyclopentyl 
ester of 4(n)-pentyloxyphenyl-carbanilic acid], and carbanilates P2 [(+)-trans-2-(1-pyrrolidinyl)cyclohexyl ester of 4-methoxy- 
carbonylphenyl-carbanilic acid], P3 [(+)-trans-2-(1-pyrrolidinyl)cyclohexyl ester of 3-methoxy-phenyl-carbanilic acid], and Pc J, the 
quaternized derivative of pentacaine}, as well as that of oxethazaine was studied on longitudinal antral and circular fundic smooth muscle 
strips of the guinea-pig stomach. All the carbanilates studied relaxed the smooth muscle, attenuated the spontaneous smooth muscle 
contractions and shifted the acetylcholine, histamine, and BaCI 2 cumulative concentration effect curves to the right, reducing their 
maximum. There was no direct relationship between their relaxing potency and the ability to reduce the action of different stimulants. For 
the effectiveness of the carbanilates studied, substitution in the lipophilic part of the molecule was more important than in the hydrophilic 
part and the meta position was more advantageous than the para position. Pentyloxy-derivatives (pentacaine, K-1905, K-2002 and 
K-2006) were more active than the methylcarbonyloxy (P2)- and methoxy (P3)-derivatives. Opening of the heterocyclic ring (K-1905) in 
the hydrophilic part of the molecule did not affect significantly the potency of the derivative studied, while quaternization (Pc J) 
significantly reduced the potency. It is suggested that the carbanilates studied may affect the smooth muscle responses via changes in the 
membrane fluidity and Ca 2 ~ availability, and that these effects might be partly responsible also for their antiulcer activity. 

Keywords: Local anesthetic; Pentacaine; Pentacaine derivative; Smooth muscle, gastric; (Guinea-pig) 

1. Introduction 

Gastric ulcer is frequently accompanied by smooth 
muscle spasms of  the stomach wall. It was suggested that 
the inhibition of  hypercontraction participates in the mech- 
anism of  gastroprotec, tive effect of  prostaglandins 
(Takeuchi and Nobuhara, 1985). Several agents including 
local anesthetics are cu~rrently employed to treat gastric 
ulcer by reducing acid secretion, contractility and pain 
(Marks, 1980; Bianchi Porro and Parente, 1988; Misiewicz, 
1988). Most of  the local anesthetics and spasmolytics have 
been suggested to act via a receptor independent mecha- 
nism (Barbezat et al., 1978). 

The local anesthetics oxethazaine (Barbezat et al., 1978), 
pentacaine and some of  its derivatives were found to be 
effective substances wkh antiulcer effects and marked 

gastroprotective properties (Nos~ovfi et al., 1987, 1995; 
Bene~ et al., 1992; Stoic and Mai, 1993). To investigate 
the antispasmodic activity of these carbanilates, their effect 
on the guinea-pig stomach longitudinal and circular mus- 
cle's spontaneous activity, resting tension and contractions 
evoked by spasmogens was studied in vitro. The findings 
were compared with the activity of oxethazaine, a clini- 
cally used local anesthetic with antiulcer properties (Seifter 
et al., 1962; Pontes et al., 1975). Moreover, the present 
study attempted to examine the effects of  pentacaine and 
its derivatives, as well as of oxethazaine, against stimula- 
tion of  different membrane receptors and the smooth mus- 
cle cell itself. 

2. Materials and methods 

* Corresponding author. Tel.: (42-7) 373-586; Fax: (42-7) 375-928. 
Guinea-pigs of  both sexes, weighing 300-500 g (Dobrfi 

Voda) were killed by cervical dislocation and exsan- 
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guinated. The stomachs were excised and placed into the 
oxygenated (95% O 2 and 5% CO 2) Krebs solution of  the 
following composition (mmol /1) :  Na ÷ 136.6, K ÷ 5.9, 
Ca 2+ 2.5, Mg 2+ 1.2, C1- 133.3, HCO 3 15.4, H2PO 4- 1.2 
and glucose 11.5 (pH 7.4). Circular and longitudinal mus- 
cle strips (about 1-1.5 mm in width and 15-20 mm in 
length) were dissected from stomach. Each strip was placed 
in a 20 ml organ bath. One end of  the preparation was 
fixed at the bottom of the chamber and the other one was 
tied to a transducer (M100, Mikrotechna, Prague, Czech 
Republic). Isometric contractions were recorded with a 
strain gauge under constant load of  15 mN at 37°C. 
Tissues were equilibrated 60 min under a load of  30 mN. 
In the preliminary experiments, muscle strips from various 
stomach regions were tested. Based on the results ob- 
tained, longitudinal muscle strips from the antrum and 
circular muscle strips from the fundus were chosen be- 
cause they best characterised the main function of those 
regions, i.e. propulsion of  the gastric content by the antrum 
and adjustment to the gastric content by the fundus. Since 
there was no pronounced difference between the action of  
pentacaine in these two preparations tested, the effect of  its 
derivatives was studied only on longitudinal antral muscle 
strips. The muscle strip was not separated from another 
layer, it was oriented according to the longitudinal axis. 

Increasing concentrations of  stimulants (acetylcholine, 
histamine or barium chloride) were applied cumulatively 
to the bathing fluid. The interval between the successive 
concentrations of  an agonist was adjusted to allow the 
effect of  each concentration to fully develop. In each 
preparation the interaction between the effect of  only one 
agonist and one antagonist was studied. Agonist applica- 
tions were performed at 30-45  min intervals to avoid 
tachyphylaxis. This was also why the highest BaC12 con- 
centration applied under control conditions was 4.5 
mmol /1 .  After having recorded two reproducible cumula- 
tive concentration effect curves of  the agonist, the ant- 

agonistic effect of  the local anesthetic studied was assessed 
using one or two of its concentrations on each preparation. 
The application of the agonist was repeated after a 15 min 
pretreatment period and in the presence of  the tested 
substance in the bathing fluid. 

The following drugs were used: acetylcholine chloride 
(Germed), barium chloride (Riedel-De Haenag), histamine 
chloride (Merck), L-NAME, phentolamine, indomethacin 
(Sigma), oxethazaine (Wyeth), pentacaine hydrochloride 
[(+)-trans-2-(1-pyrrolidinyl)cyclohexyl ester of  3(n)- 
pentyloxyphenyl-carbanilic acid] (trapencaine INN), K- 
1905 [(+)-trans-2-diethylaminocyclopentyl ester of  3(n)- 
pentyloxyphenyl-carbanilic acid], K-2002 [(+)- trans-2-  

(1-pyrrolidinyl)cyclohexyl ester of  4(n)-pentyloxyphenyl- 
c a r b a n i l i c  a c i d ] ,  K - 2 0 0 6  [ ( + ) - t r a n s - 2 - ( 1 -  
pyrrolidinyi)cyclopentyl ester of  4(n)-pentyloxyphenyl- 
carbanilic acid], and carbanilates P2 [(_)- t rans-2-( l -pyr-  
rolidinyl)cyclohexyl ester of  4-methoxycarbonylphenyl- 
carbanilic acid], P3 [(+)-trans-2-(l-pyrrolidinyl)cyclohe- 
xyl ester of  3-methoxy-phenyl-carbanilic acid], and PeJ, 
the quaternized derivative of pentacaine. The carbanilates 
were synthetized and prepared in the form of dihydrochlo- 
ride by Bene~ et al. (1992). Fresh stock solutions were 
prepared in distilled water, except the high concentrations 
of carbanilates, which were dissolved directly in Krebs 
solution. 

The dissociation constants were determined potentio- 
metrically and p K a was determined as pH of the solution 
of  the compound titrated to 50% with an alkali hydroxide. 
Because of  poor solubility in water of the bases liberated 
in the course of  the titration, the medium used was a 
mixture of  water and methanol 2 : 3  (v /v) .  In calculating 
p K a correction was made for the volume of  methanol 
(Ble~ovfi et al., 1985). Table 1 summarises the chemical 
structure, dissociation constant and apparent distribution 
coefficient of  the carbanilates studied. 

Each experimental group consisted of at least seven 

Table 1 
Physico-chemical properties and chemical structure of pentacaine (Pe) and its derivatives 

O /(CH2)n\ 
NH-~-O-CH CH-R 3 

Drug R n R 2 R 3 n pK a log P 

Pe H OC 5 H 11 N-pyrrolidine 4 9.26 3.410 
K- 1905 H OC 5 H ~ i N-diethylamine 3 8.69 3.780 
K-2002 OC 5 H l t H N-pyrrolidine 4 9.25 3.037 
K-2006 OC 5 H 11 H N-pyrrolidine 3 8.61 3.190 
P2 COO-CH 3 H N-pyrrolidine 4 n.d. 1.480 
P3 H OCH 3 N-pyrrolidine 4 9.19 1.130 

P, apparent distribution coefficient in octanol/phosphate buffer at pH 7.4; pK a, dissociation constant determined potentiometrically; n.d., not determined. 
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preparations from different animals. The maximal tension 
(Emax), the ECs0 and the agonist potency pD 2 ( -  logECs0) 
were determined from the row data of each cumulative 
concentration effect curve. Results are expressed as means 
_ S.E.M. Differences between means were assessed using 
Student's paired t-test (Delaunois, 1973). 

ing according to De Jong (1977), 94.1-98.6% of the 
studied carbanilates was in ionized form at the pH (7.4) of 
our bathing fluid. 

3.2. Effect of studied local anesthetics on resting tension 
and spontanous activity of the guinea-pig stomach 

3. Results 

3.1. Physico-chemical properties of the studied carbani- 
lates 

For an anesthetic to penetrate from the spot of applica- 
tion to the site of action, its solubility in lipids and water 
(the partition coefficient) and dissociation constant are 
important. As described earlier (Stolc and Mai, 1993) and 
shown in Table 1, pentacaine, K-1905, K-2002 and K-2006 
possess much higher liposolubility than substances P2 and 
P3. In contrast to the liposolubility there was no pro- 
nounced difference in the degree of dissociation of carban- 
ilates studied under our experimental conditions. Calculat- 

Muscle preparations of both circular fundic and longitu- 
dinal antral strips of the stomach showed spontaneous 
activity. Rhythmic phasic contractions were present in the 
antral strips and oscilations of the resting tension with 
occasionally superimposed phasic contractions were ob- 
served in the fundic strips. In Ca2+-free solution the 
spontaneous activity was depressed by more than 50% 
(n = 6). Pentacaine at low concentrations ( 1 0  - 6  and 10 -5 
m o l / l ,  n = 10) did not affect the resting tension and the 
spontanous activity of gastric antral (n = 5) and fundic 
(n = 5) smooth muscle strips. However, at concentrations 
of 10 -4 and 10 -3 mol / l  it significantly reduced the 
resting tension of both antral (by 1.3 + 0.4 mN, n = 8 and 
6 . 3 _  1.1 mN, n - - 1 0 ,  respectively) and fundic muscle 
strips (by 3.1 + 0.7 mN, n = 9 and 4.8 ___ 1.9 mN, n = 5, 
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Fig. 1. Original records of the action of oxethazaine (Oxe), pentacaine (Pe) and other related carbanilates (K-1905, K-2006, P2, P3, and PeJ) on 
spontaneous activity and restin;g tension of the guinea-pig stomach fundic circular strips (A) and antral longitudinal strips (B-I).  
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respectively). Under Ca 2 +-free conditions pentacaine (10 -~ 
mol/1) slightly but not significantly elevated the resting 
tension. Spontaneous activity of antral longitudinal prepa- 
rations was less sensitive to pentacaine than that of the 
fundic circular smooth muscle (Fig. 1A,B). In indo- 
methacin (10  -6  mol/1 for 45 min) or in indomethacin and 
Ca2+-free medium pretreated tissues tension gradually de- 
creased. Pentacaine did not affect significantly the resting 
tension under these conditions but its effect on sponta- 
neous activity remained unchanged. 

The action of oxethazaine (10-6-10-3mol/1)  on the 
basal tension and spontaneous activity of the stomach 
antral longitudinal smooth muscle was dose dependent and 
in its intensity similar to that of pentacaine (Fig. 1C). 
Carbanilates K-1905 (Fig. 1D), K-2002 and K-2006 (not 
shown) in low concentration (10 6 mol/1) transiently 
contracted the antral longitudinal muscle strips by 1.6 _+ 0.3 
mN, 0.7 _+ 0.1 mN and 1.2 _+ 0.2 mN, n = 10, respectively 
but did not affect the spontaneous activity. An increase in 
the concentration of K-2006 to 10 - 4  mol/1 (Fig. 1F) 
resulted in biphasic effect on the resting tension (2.8 _+ 0.9 
mN initial contraction followed by relaxation of 5.3 + 1.2 
mN amplitude, n = 6) and in the reduction of the ampli- 

tude of spontaneous activity by 60-70%. In contrast, the 
compounds K-1905 (Fig. 1E) and K-2002 (not shown) in 
the concentration of 10 - 4  tool/1 produced only a 
monophasic reduction in the resting tension (by 4.2 _+ 0.9 
mN and 2.8 + 0.6 mN, n = 10, respectively) and reduced 
the amplitude of spontaneous activity by 80 to 90%. 
Carbanilates P2, P3 and PeJ in concentration of 10 4 
mol/1 only marginally reduced the resting tension of antral 
longitudinal smooth muscle (by 0.4 _+ 0.4 mN, 1.5 _ 0.8 
mN, and 2.3 _+ 0.7 mN, n = 1 i, respectively). In the con- 
centration of 10 -3 mol/ l ,  however, these compounds 
decreased the resting tension (by 4.6 + 1.2 mN, 4.1 _+ 1.0 
raN, and 9.5 _+ 1.7 mN, n = 11, respectively) and except 
PeJ also reduced the spontanous activity of the antral strips 
(Fig. 1G,H,I). 

3.3. Effects of studied local anesthetics on the cumulative 
concentration effect curve elicited by acetylcholine 

Cumulative administration of acetylcholine in a bath 
concentration range of 10- 8_ 10- 3 mol/1 elicited concen- 
tration dependent contraction of both circular fundic strips 
and longitudinal antral strips of the stomach. The fundic 
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Fig. 2. Effect of pentacaine (AI,A 2), oxethazaine (B), K-1905 (C), K-2002 (D), K-2006 (E), P2 (F), P3 (G) and PeJ (H) on cumulative concentration effect 
curves of acetylcholine in stomach fundic circular strips (A I) and antral longitudinal strips (A2, B-H). O Control response, • 10 -6, • 10 -5, 
3.3 × 10 -5, • 10 -4, A 3.3 × 10 -4, • 10 -3 mol/l .  
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and antral strips had similar susceptibility to the action of 
acetylcholine (pD 2 = 4.6.-; _ 0.89, n = 7 and 4.68 ___ 0.14, 
n = 35, respectively). Pentacaine in a concentration of 
10 -6  mol/1 did not change the slope and the reached 
maximum of the cumulative concentration effect curve in 
the antral strips and reduced them significantly ( P  < 0.05) 
in fundic strips. In high concentrations (10  -4 and 10 -3  

mol/1), its effect on both tissues was similar, i.e., signifi- 
cant ( P  < 0.01) reduction in the amplitude and slope of the 
acetylcholine cumulative concentration effect curve (Fig. 
2A ~,A 2). Since in the action of acetylcholine also different 
autacoids might participaLe, its interaction with pentacaine 
was studied in tissues pretreated with indomethacin (10 -6 
mol/1), phentolamine (10 -6 mol/1) and L-NAME (10 -5 
mol / l )  as well. The effect of pentacaine (n = 7) did not 
differ significantly from that in nontreated tissues; there- 
fore in further experiments pretreatment by coctail of 
indomethacin, phentolamine and L-NAME was not used. 

Since there was no pranounced difference between the 
actions of pentacaine in the two gastric preparations tested, 
the effects of the other local anesthetics was studied only 
on the longitudinal muscle strips of the antrum. The effect 
of oxethazaine in concentrations of 10-6-10 -3 mol/1 on 
the cumulative concentralion effect curve of acetylcholine 

was comparable to that of pentacaine (Fig. 2B). Carbani- 
lates K-1905, K-2002 and K-2006 seem to antagonize the 
contraction produced by acetylcholine with a potency which 
was slightly lower than that of pentacaine and oxethazaine 
(Fig. 2C,D,E). The substances P2, P3 and PeJ were even 
less effective and reduced the acetylcholine cumulative 
concentration effect curve only in the concentration of 
10 -3 mol / l  (Fig. 2F,G,H). 

3.4. Effects of  studied local anesthetics on the cumulative 
concentration effect curve elicited by histamine 

Cumulative administration of histamine in concentra- 
tions of 1 0 - 7 - 1 0  -3 mol/1 produced a concentration-de- 
pendent contraction of the longitudinal muscle strips of the 
guinea-pig stomach (pD 2 = 5.35 ___ 0.26, n = 38). In con- 
trast, the strips of the circular fundic muscle (n = 5) were 
unaffected or only slightly stimulated by histamine. This 
was why in the experiments on the interaction between 
histamine and carbanilates only the longitudinal strips of 
the antrum were used. It has been shown that pentacaine 
(10  - 6 - 1 0  - 4  mol/1) reduced both the maximum contrac- 
tion reached and the slope of the histamine produced 
cumulative concentration effect curve (Fig. 3A). 
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Fig. 3. Effect of pentacaine (A), oxethazaine (B), K-1905 (C), K-2002 (D), K-2006 (E), P2 (F), P3 (G) and PeJ (H) on cumulative concentration effect 
curves of histamine in stomach antral longitudinal strips. © Control response, • 10 -6, • 10 -5, O 3.3 × 10 -5, • 10 -4, • 10 -3 mol/l. 
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Of the drugs studied, oxethazaine was the most effec- 
tive in inhibiting histamine induced contractions (Fig. 3B). 
Its inhibitory effect was closely concentration dependent. 
The carbanilates K-1905 (Fig. 3C), K-2002 (Fig. 3D) and 
K-2006 (Fig. 3E) also reduced the amplitude and slope of 
the cumulative concentration effect curve produced by 
histamine. They were in this respect almost as effective as 
pentacaine. As shown in Fig. 3F,G,H, the effectiveness of 
the carbanilates P2, P3, and PeJ was lower than that of the 
former ones. 

3.5. Effects of studied local anesthetics on the cumulative 
concentration effect curve elicited by barium chloride 

Cumulative administration of the musculotropic agent 
BaCI 2 in the concentration range of 0.15-4.5 mmol/1 
contracted both the circular fundic and longitudinal antral 
strips (pD 2 = 3.2 ___ 0.15, n = 7 and 3.04 ___ 0.35, n = 35, 
respectively). Pentacaine in concentrations of 10 - 6  and 
10 -4  mol/1 shifted the BaC12 cumulative concentration 
effect curve to the right and reduced the maximum of the 
contraction amplitude reached to a higher extent in the 
longitudinal (Fig. 4A 2) than in the circular muscle strips 

(Fig. 4A1). The intensity of K-1905 (Fig. 4C), K-2002 
(Fig. 4D), K-2006 (Fig. 4E) action did not differ signifi- 
cantly from that of pentacaine on the longitudinal muscle 
strips. Oxethazaine (Fig. 4B) was in this respect the most 
effective drug studied. Even in the concentration of 10 -6 
mol/1, it shifted the BaC12 cumulative concentration effect 
curve significantly to the fight without changing its slope. 
In the concentration of 10 -4  mol/1 oxethazaine reduced 
also the maximum of BaC12 produced cumulative concen- 
tration effect curve. 

The substances P2 (Fig. 4F) and P3 (Fig. 4G) affected 
the barium chloride cumulative concentration effect curve 
significantly only in the concentration of 10 -4  mol/1. In a 
10-times higher concentration, however, they prevented its 
action completely. 

4. Discussion 

The results presented showed minimal differences be- 
tween oxethazaine and pentacaine and in high concentra- 
tions also between them and the highly liposoluble carban- 
ilates K-1905, K-2002 and K-2006 in reducing the resting 
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tension. The latter compounds, however, exhibited a con- 
centration dependent biphasic effect on resting tension and 
they suppressed the stomach muscle spontaneous activity 
more intensively than the, previous ones. Methoxy deriva- 
tives (P2, P3) and the quaternary derivative (PeJ) reduced 
the resting tension to the same extent only in concentra- 
tions higher by at least one order of magnitude compared 
to the other compounds. The transient elevation of the 
resting tension elicited by K-1905, K-2002 and K-2006 
might have resulted, as described for other local anesthet- 
ics, from their direct contractile effect in low concentra- 
tions (Downes and Loehning, 1977). The uncharged form 
of local anesthetics should enter the cell rapidly and 
release Ca 2+ from internal stores before the charged form 
inside the cell increases to the point where internal Ca 2+ 
release is blocked (Bianchi and Bolton, 1967; Bianchi and 
Strobel, 1968). The carbanilates studied are supposed to 
penetrate slowly to their :site of ation. They were mainly in 
ionized form at pH of the., bathing fluid in our experiments. 
As suggested previously (Bauer et al., 1986) they may 
cause transient contraction since they reach the threshold 
of K + channels earlier Lhan that of other channels. Pro- 
caine and some other local anesthetics were reported to 
block not only K + channels but also Ca 2÷ and other cation 
channels. This nonselectJive blockade of the cation influx, 
suggested also in the case of the carbanilates (Bezekovfi 
and Bauer, t986), might prevent membrane depolarization, 
thus resulting in reduced Ca 2+ influx and smooth muscle 
relaxation. 

BaC12 and the receptor agonists acetylcholine and his- 
tamine exert an excitator.¢ contractile effect on longitudinal 
muscle strips of the antrum. While acetylcholine and BaC12 
were effective in circular muscle strips of the fundus, 
histamine was ineffective in this tissue. Acetylcholine 
reacting with M-receptors (Bauer and Kadlec, 1970; 
Bolton, 1979a,b) and histamine with Hi-receptors of the 
smooth muscle membrane (Anderson and Nilsson, 1977; 
Ishii and Kato, 1987) enhance the influx of extracellular 
Ca 2+ and act at least to some extent on the same intra- 
cellular Ca 2+ store (Shibata et al., 1978; Bolton, 1979a,b; 
Kuriyama et al., 1982; Bauer et al., 1991). BaC12 was 
shown to substitute for Ca 2+ in the contractile process 
(Ebashi and Endo, 1968) and may cause membrane depo- 
larization due to suppression of K + conductance (Benham 
et al., 1985) independently of receptor activation. The 
ability of the drugs studied to antagonize the effect of 
different spasmogens and to reduce the maximum contrac- 
tion reached suggests that their action is independent of a 
specific membrane-receptor-mediated action. The shift of 
the acetylcholine, histamine and BaC12 cumulative concen- 
tration effect curve to the right and reduction of the slope 
and maximum of cumulative concentration effect curve are 
indicative of their noncompetitive type of action. A similar 
effect had been described also for other local anesthetics in 
different smooth muscles (Feinstein and Paimre, 1969; 
Weinstock and Weiss, 1979). Antagonism of the effects of 

acetylcholine, histamine and BaC12 by the local anesthetics 
studied could result from the change of the fluidity of the 
smooth muscle membrane, as demonstrated in the action of 
different carbanilates (Ondria~ et al., 1984, 1987), thereby 
making it more difficult for the stimulants to open Ca 2+ 
channels, as suggested for the mechanism of procaine 
action in the rat stomach fundus (Weinstock and Weiss, 
1979). 

All the carbanilates studied were shown to possess local 
anesthetic property (Stoic and Mai, 1993). There was no 
correlation between the ability of the drugs studied to 
inhibit nerve conductivity and their relaxing potency ob- 
served in the present experiments. It is thus unlikely that 
the relaxation induced by the carbanilates studied would be 
directly coupled with their local anesthetic property and 
effects on the intramural nerves. 

Our results are indicative of a higher activity of the 
pentyloxy-derivatives (pentacaine, K-1905, K-2002 and 
K-2006) than of the methylcarbonyloxy (P2)- and methoxy 
(P3)-derivatives. Moreover, substitution in the meta  posi- 
tion (pentacaine and K-1905) may be responsible for a 
higher effectivity against receptor-mediated action than 
substitution in the para position. Opening of the hetero- 
cyclic ring (K-1905) in the hydrophilic part of the molecule 
did not affect significantly the potency of the derivative 
studied, while quaternization (PeJ) significantly reduced 
the potency. Substitution in the lipophilic part of the 
molecule was found to be much more important for the 
spasmolytic property of the drugs studied than that in the 
hydrophilic part of the molecule. It is suggested that the 
carbanilates studied may affect the smooth muscle re- 
sponses via changes in the membrane fluidity and Ca 2+ 
availability. 

Both the recently described local anesthetic action of 
the carbanilates studied (Stolc and Mai, 1993) and their 
spasmolytic properties shown in the present experiments 
may participate in the multifactorial mechanisms of their 
antiulcer effect (Nosfilov~ et al., 1995). 

Acknowledgements 

The authors would like to thank Dr M. Koufilov~ for 
her critical reading of the manuscript and the Slovak Grant 
Agency GAV for supporting the study. 

References 

Anderson, R.G.G. and K.B. Nilsson, 1977, Role of cyclic nucleotides 
metabolism and mechanical activity in smooth muscle, in: The Bio- 
chemistry of Smooth Muscle, ed. N.L. Stephens (International Medi- 
cal Publications, Baltimore, MD) p. 263. 

Barbezat, G.O., A.I. Vinnk and B. Grant, 1978, The effect of oral local 
anesthetic and alkali on basal and food stimulated serum gastrin levels 
in patient with duodenal ulcer, Scand. J. Gastroenterol. 13, 321. 

Bauer, V. and O. Kadlec, 1970, Antinicotinic properties of papaverin in 
guinea-pig taenia coli, Experientia 26, 1331. 



312 M.P. Mai et al. / European Journal of Pharmacology 315 (1996) 305-312 

Bauer, V., M. BezekovL D. Cflkovfi and L. BeneL 1986, Carbamate-in- 
duced rhythmic activity in the guinea-pig ileum, Drugs Exptl. Clin. 
Res. XII, 791. 

Bauer, V., P. Holzer and Y. Ito, 1991, Role of extra- and intracellular 
calcium in the contractile action of agonists in the guinea-pig ileum, 
Naunyn-Schmiedeberg's Arch. Pharmacol. 343, 58. 

Beneg, L., H. Szocsovfi, P.M. Mai and V. Nosfiiovfi, 1992, trans-2-(A1- 
kyl-amino)cycloalkyl carbanilates with antiulcer activity, Pharmazie 
47, 797. 

Benham, C.D., T.B. Bolton, R.J. Lang and T. Takewaki, 1985, The 
mechanism of action of Ba 2+ and TEA on single Ca2+-activated 
K+-channels in arterial and intestinal smooth muscle cell membranes, 
Pfliigers Arch. 403, 120. 

Bezekov~i, M. and V. Bauer, 1986, The effect of some carbamate local 
anesthetics on the guinea-pig ileum, Drugs. Exp. Clin. Res. XII, 785. 

Bianchi, C.P. and T.C. Bolton, 1967, Action of local anesthetics on 
coupling system in muscle, J. Pharmacol. Exp. Ther. 157, 388. 

Bianchi, C.P. and G.E. Strobel, 1968, Modes of action of local anesthet- 
ics in nerve and muscle in relation to their uptake and distribution, 
Trans. NY Acad. Sci. 30, 1082. 

Bianchi Porro, G. and F. Parente, 1988, Recent developments in peptic 
ulcer treatment, Scand. J. Gastroenterol. 23, (Suppl. 146), 159. 

Ble~ovL M., J. (~i~m~_rik, M. Bachrat~_, Z. Bez~ikov~_ and A. Borovansk~, 
1985, Chromatographic parameters, pK a and surface activity of series 
of hydrochlorides of perhydroazepinyl esters of alcoxyphenylcar- 
bamic acids and their relation to anesthetic activity, Coll. Czechoslov. 
Chem. Commun. 50, 1133. 

Bolton, T.B., 1979a, Cholinergic mechanism in smooth muscle, Br. Med. 
Bull. 35, 275. 

Bolton, T.B., 1979b, Mechanism of action of transmitters and other 
substances on smooth muscle, Physiol. Rev. 59, 606. 

Delaunois, A.L., 1973, Biostatistics in Pharmacology (Pergamon Press, 
Oxford) p. 675. 

Downes, H. and R.W. Loehning, 1977, Local anesthetic contracture and 
relaxation of airway smooth muscle, Anesthesiology 47, 430. 

Ebashi, S. and M. Endo, 1968, Calcium ion and muscle contraction, 
Progr. Biophys. Mol. Biol. 18, 123. 

Feiustein, M.B. and M. Paimre, 1969, Pharmacological action of local 
anesthetics on excitation-contraction coupling in striated and smooth 
muscle, Fed. Proc. 28, 1643. 

Ishii, K. and R. Kato, 1987, Suppression by muscarinic M 2 stimulation of 
the contractile mechanism via histamine H 1 receptors in the longitudi- 
nal muscle of guinea-pig ileum, J. Pharmacol. Exp. Ther. 241,587. 

De Jong, R.H., 1977, Local Anesthetics, (Charles C. Thomas, Springfield, 
1L) p. 42. 

Kuriyama, H., Y. Ito, H. Suzuki, K. Kitamura and T. Itoh, 1982, Factor 
modifying contraction-relaxation cycle in vascular smooth muscle, 
Am. J. Physiol. 243, H641. 

Marks, I.N., 1980, Current therapy in peptic ulcer, Drugs 20, 283. 
Misiewicz, J.J., 1988, Future trends in the management of peptic ulcer 

disease, Scand. J. Gastroenterol. 23 (Suppl. 146), 175. 
Nosfi~vfi, V., A. Babuiov~i, J. Jakubovsk3~ and L. BeneL 1987, Experi- 

mental peptic ulcer: effect of pentacaine, in: New Pharmacology of 
Ulcer Diseases, eds. S. Szabo and Gy. M6zsik (Elsevier, Amsterdam) 
p. 505. 

Nos~i'lov~_, V., M.P. Mai, A. Babuiovfi and V. Bauer, 1995, Autiulcer 
activity of pentacaine and some of its derivatives: effect on experi- 
mentally induced gastric and duodenal lesions and on gastric acid 
secretion in rats, Methods Findings Exp. Clin. Pharmacol. 17, 377. 

OndriaL K., S. Stoic, L. Bene~ and P. Balgav~, 1984, Perturbation effect 
of local anesthetics on synaptosomes: variation with depth of the spin 
label probe, Gen. Physiol. Biophys. 3, 327. 

OndriaL K., J. Gallovfi, H. Szocsovfi and S. ,Stoic, 1987, pH-dependent 
effects of local anesthetics in perturbing lipid membranes, Gen. 
Physiol. Biophys. 6, 271. 

Pontes, J.F., D.J. Richards and J.N. Sartorello, 1975, Double-blind com- 
parison of an oxethazaine antacid combination (Oxaine) against the 
antacid alone (Aludrox) in the treatment of duodenal ulcer pain, Curr. 
Ther. Res. 18, 315. 

Seifter, J., J.M. Glassman and G.M. Hudyma, 1962, Oxethazaine and 
related congeners: a series of highly potent local anesthetics, Proc. 
Soc. Biol. Med. 109, 664. 

Shibata, N., H. Ohashi, T. Takewaki and T. Okada, 1978, Calcium source 
for contractile responses of guinea-pig taenia caecum to carbachol in 
a calcium deficient, potassium rich solution, Jpn. J. Pharmacol. 28, 
561. 

Stolc, S. and P.M. Mai, 1993, Comparison of local anesthetic activity of 
the carbanilic antiulcer drug trapencaine and some of its derivatives 
by three different techniques, Pharmazie 48, 210. 

Takeuchi, K. and Y. Nobuhara, 1985, Inhibition of gastric motor activity 
by 16,16-dimethyl prostaglandin E 2, Dig. Dis. Sci. 30, 1181. 

Weinstock, M. and C. Weiss, 1979, Effects of procaine and extracellular 
calcium concentration on response of rat stomach fundus muscle to 
acetylcholine and 5-hydroxytryptamine, Br. J. Pharmacol. 65, 593. 


