
trolled by a software package. The software for recording and analysing
membrane currents was developed in our department. Membrane currents
were filtered at 2 kHz and stored on disc for subsequent analysis.
Only rod shaped cells with clear cross striation and a membrane potential
more negative than ÿ65 mV were selected.
To study outward potassium currents, pipettes with resistances between
2 and 4 mW when filled with intracellular solution were used. The whole-
cell configuration was established while superfusing the cells with control
solution 1. Then, this solution was exchanged by control solution 2 contain-
ing 0.5 mmol/l CdCl2 to block the L-type Ca2�-current. According to the
stimulation protocol (Fig. 1) Na�- and T-type Ca2�-currents were inacti-
vated by an prepulse from the holding potential (ÿ70 mV) to ÿ40 mV.
Potassium outward currents were elicited as shown in Fig. 1. After assess-
ment of membrane currents in the absence of drug (3 min), the perfusate
was changed to one containing the various concentrations of AWD 23-111
and data were collected continuously. Frequency dependent effects of
AWD 23-111 on IK were tested by applying 250 ms lasting depolarising
pulses from a holding potential of ÿ40 mV to 0 mV or to �40 mV at stimu-
lation frequencies of 0.2, 1 and 2 Hz.
Ca2�-currents were recorded in a similar way but using control solution 1
and the intracellular solution but without cAMP. The L-type Ca2�-current
was elicited by depolarising steps from a holding potential of ÿ40 mV to
test potentials betweenÿ30 and�40 mVat a stimulation frequency of 0.5 Hz
for the registration of the I±V-relationship. To test the frequency-dependent
effects of AWD 23-111 on ICa 250 ms lasting test potentials to �40 mV
were applied at stimulation frequencies of 0.2, 1 and 2 Hz starting from a
holding potential of ÿ40 mV.
Action potentials were recorded in the current clamp mode. The cells were
superfused by control solution 1 and the intracellular solution contained no
cAMP as described above. APs were evoked by 20 ms lasting suprathres-
hold depolarising currents at stimulus frequencies between 0.2 and 2 Hz
during control and after superfusion with AWD 23-111.

4.3. Statistics

Data were expressed as mean �SEM. Student's paired t-test was used to
compare two means. Comparisons between multiple means were performed
by two-way ANOVA followed by subsequent pairwise t-test if the null
hypothesis could be rejected. A two-tailed probability was considered to
be statistically significant. Null hypothesis was rejected at the p < 0.05
level.

References

1 HaÂla, O.; NeÂmeth, A. V.; Papp, J. G.: J. Cardiovasc. Pharmacol. 24, 559
(1994)

2 Poppe, H.; Bartsch, R.: Naunyn-Schmideberg's Arch. Pharmacol. Suppl.
351, R107 (1995)

3 Marx, D.; Poppe, H.; Bartsch, R.: Naunyn-Schmiedeberg's Arch. Phar-
macol. Suppl. 351, R106 (1995)

4 Vaughan Williams, E. M., Campell, T. J. (eds.): Antiarrhythmic drugs,
p. 45 Springer-Verlag, Berlin 1989

5 Spinelli, W.; Hoffmann, B. F.: Circ. Res. 65, 1565 (1989)
6 Brachmann, J.; Haverkamp, W.; Johns, J.; Zehender, M.; Kingma, H. G.;

Wiecha, J.: Circulation 86, 1 (1992)
7 Wang; J:, Feng; J:, Nattel; S:. Circulation 90, 2032 (1994)
8 Harvey, R. D.; Hume, J. R.: Science 244, 983 (1989)

9 Yue, D. T.; Marban, E.: PfluÈgers Arch. 413, 127 (1988)
10 Tseng, G. N.; Hoffman, B. F.: Circ. Res. 64, 633 (1989)
11 Colatsky, T. J.; Follmer, C. H.; Starmer, C. F.: Circulation 82, 2235 (1990)
12 Roden, D. M.; Tamkun, M. M.: Trends Cardiovasc. Med. 4, 278 (1994)
13 Hondegham, L. M.; Snyders, D. J.: Circulation 81, 686 (1990)
14 Rubart, M.; Pressler, M. L.; Pride, H. P.; Zipes, D. P.: Circulation 88,

1832 (1993)
15 Sanguinetti, M. C.; Jurkiewicz, N. K.: Am. J. Physiol. 259, 1881 (1990)
16 Sanguinetti, M. C.; Jurkiewicz, N. K.: J. Gen. Physiol. 96, 195 (1990)
17 Sanguinetti, M. C.; Jurkiewicz, N. K.; Scott, A. L.; Siegl, P. K. S.: Circ.

Res. 68, 77 (1991)
18 Jurkiewicz, N. K.; Sanguinetti, M. C.: Circ. Res. 72, 75 (1993)
19 Turgeon, J.; Daleau, P.; Bennett, P. B.; Wiggins, S. S.; Selby, L.; Ro-

den, D. M.: Circ. Res. 75, 879 (1994)
20 Daleau, P.; Turgeon, J.: Circ. Res. 74, 1114 (1994)
21 Follmer, C. H.; Lodge, N. J.; Cullinan, C. H.; Colatsky, T. J.: Am. J.

Physiol. 262, C75 (1992)
22 Stark, U.; Stark, G.; Schwarzl, I.; Poppe, H.; Marx, D.; Decrinis, M.:

Cardiovasc. Drugs. Ther. 10, 531 (1996)
23 Ohler, A.; Amos, G. J.; Wettwer, E.; Ravens, U.: Naunyn-Schmiede-

berg's Arch. Pharmacol. 349, 602 (1994)
24 Valenzuela, C.; SaÂnchez-Chapula, J.; DelpoÂn, E. A.; PeÂrez, O.; Tamar-

go, J.: Circ Res 74, 687 (1994)
25 Kiehn, J.; Villena, P.; Beyer, T.; Brachmann, J.: J. Cardiovasc. Pharma-

col. 24, 566 (1994)
26 Wettwer, E.; Grundke, M.; Ravens, U.: Cardiovasc. Res. 26, 1145 (1992)
27 Follmer, C. H.; Cullinan, C. A.; Colatsky, T. J.: Cardiovasc. Res. 26,

1121 (1992)
28 Balser, J. F.; Bennett, P. B.; Hondeghem, L. M.; Roden, D. M.: Circ.

Res. 69, 519 (1991)
29 Colatsky, T. J.; Spinelli, W.; Moubarak, I. F.: In: P. M. Spooner, (Ed.):

Ion channels in the cardiovascular system: Function and dysfunction.
p. 415, New York: Futura Publishing Company Inc., Armouk 1994

30 Sawanobori, T.; Adaniya, H.; Namiki, T.; Hiraoka, M.: J. Pharmacol.
Exp. Ther. 271, 302 (1994)

31 Rees, S.; Curtis, M. J.: Pharmacol. Ther. 69, 199 (1996)
32 Barry, D. M.; Nerbonne, J. M.: Ann. Rev. Physiol. 58, 363 (1996)
33 Carmeliet, E.: Cardiovasc. Drugs Ther. 6, 305 (1992)
34 Yamazaki, K.; Furukawa, Y.; Kasama, M.; Imamura, H.; Chiba, S.:

Eur. J. Pharmacol. 297, 233 (1996)
35 Vanoli, E.; Priori, S.; Nakagawa, H.; Hirao, K.; Napolitano, C.; Diehl, L.;

Lazzara, R.; Schwartz, P. J.: J. Am. Coll. Cardiol. 25, 1609 (1995)
36 Delpon, E.; Valenzuela, C.; Perez, O.; Casis, O.; Tamargo, J.: Circ.

Res. 76, 223 (1995)
37 Wang, Z.; Fermini, B.; Nattel, S.: Circ. Res. 25, 276 (1993)
38 Li, G. R.; Feng, J.; Yue, L.; Carrier, M.; Nattel, S.: Circ. Res. 78, 689

(1996)
39 Markwardt, F.; Nilius, B.: Naunyn-Schmiedeberg's Arch. Pharmacol.

337, 454 (1988)
40 Hamill, O. P.; Marty, A.; Neher, E.; Sakman, B.; Sigworth, F. J.: PfluÈ-

gers Arch. 391, 85 (1981)

Received February 13, 1998 Dr. Manuela KlapperstuÈck
Accepted September 15, 1998 Julius-Bernstein-Institut fuÈr Physiologie

Martin-Luther-UniversitaÈt Halle-Wittenberg
Magdeburger Str. 6
D-06097 Halle (Saale)

ORIGINAL ARTICLES

68 Pharmazie 54 (1999) 1

Faculty of Pharmacy, Comenius University, Bratislava, Slovakia

Can diastereoisomerism of alkoxyphenylcarbamates influence their local
anesthetic activity?

E. RacÏanskaÂ and F. GregaÂnÏ

The surface local anesthetic activity (LAA) in the homologous series of racemic (�)-cis- and (�)-trans-N,N-dimethyl-2-
(2-alkoxyphenylcarbamoyloxy)cyclopentylmethylamonium chlorides was evaluated. The potency was expressed in rabbits
as efficiency indices (EI) in comparison to the standard drug cocaine. All tested racemic mixtures of the phenyl-
carbamates were local anesthetically active and their potency increased with the size of alkoxysubstitution from the pro-
pyloxy- to the hexyloxyderivative and then decreased abruptly (cut-off effect). When different mixtures of both dia-
stereoisomers were applied the synergistic effect ± i.e. increase of the LAA of one diastereomer when adding the other ±
was observed. It seems that an optimal racemic ratio of the compounds could increase their local anesthetic efficiency.



1. Introduction

The study of the local anesthetic activity (LAA) of various
derivatives of alkoxyphenylcarbamic acid has shown that
the intensity of their biological efficiency is determined
mainly by size and shape of the alkoxysubstituent [1, 2].
In amphiphilic drugs with long chain, where the majority
of local anesthetic belongs to, a nonlinear, rather parabolic
relationship to the size of alkoxy group was described [3, 4].
This general pharmacological phenomenon depends on the
physico-chemical properties of the local anesthetics. It is
obvious that only drugs with an optimal chain length are
able to influence adequately their transport properties at
the site of action and provide maximal pharmacotherapeu-
tic effect [5].
Only a few works exist in the literature dealing with the
arrangement of conformationally fixed isomers [6]. In our
previous studies we have been interested in spatial confi-
guration of various phenylcarbamates and we have found
different LAA of separate diastereoisomers [7]. Recently,
we have found surprisingly that separated diastereoisomers
have not only a different intensity of LAA, but various
mixtures of cis- and trans-isomers showed also signifi-
cantly diverse anesthetic effects. This possibly synergistic
effect, i.e. increase of anesthetic activity of one diastereoi-
somer by adding the second one strictly depends on the
molar ratio of both stereoisomers [8].
In the effort to confirm this effect in the similar series
of phenylcarbamates we decided to evaluate the inten-
sity of LAA for other diastereoisomeric phenylcarba-
mates, i.e. (�)-cis- and (�)-trans-N,N-dimethyl-2-(2-he-
xyloxyphenylcarbamoyloxy)cyclopentylmethylamonium
chloride (Table 1) and their mutual mixtures. The study
has been expected to provide useful information to our
understanding of the mechanism of specific membrane ac-
tion of phenylcarbamate local anesthetics.

2. Investigations, results and discussion

Local anesthetic activity of homologous series of phenyl-
carbamate amphiphilic compounds shows often a non-line-

ar dependence on their chain length. This so-called ªcut-
offº effect has been described earlier and could be ex-
plained by the necessity of an optimal chain length to
cross the membrane lipid bilayers to the inner binding
sites of action [3, 9].
The purpose of this study was to verify the above de-
scribed effect in the homologous series of cis- and trans-
isomers of alkoxysubstituted phenylcarbamates (three to
ten carbons). Our experiments showed an exponential in-
crease in LAA from 3 to 7 carbons. Then the biological
activity decreased (Table 1, Fig. 1). The highest efficiency
index of LAA was found for the trans-hexyloxyderivative
(t6 � 166.8), while the index of the decylderivative was
less than 10. A similar effect was found for the cis-iso-
mers series. This confirms the suggestion that this process
is size dependent and proportional to the molecular weight
of the substances. Individual stereoisomers differ not only
in their physicochemical properties but in their biological
activity as well. Our previous studies have shown that
usually cis-isomers have higher LAA than their trans-
counterparts [7, 8] but some exceptions have also been
found [10]. However, when two parts of diastereoisomers
in various molar concentration were mixed, both surface
and also infiltration local anesthetic actitivies were chan-
ged. This indicated the possibility of synergism or antag-
onism which could increase or decrease, resp. the inten-
sity of anesthetic action. Our previous results have shown
that the highest synergic effect was reached when 25% of
the molar concentration of the cis-isomer was added to the
trans-form [8].
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Table 1: Structures of the studied compounds, their molar
weights (Mr), efficiency indices of relative surface lo-
cal anesthetic activity (SLLA) and their LD50 values

Compd. R Mr SLLA
(cocaine � 1)

LD50

(mg � kgÿ1)

c3 ÿ(CH2)2CH3 356.9 1.8 200±300
t3 2.4

c4 ÿ(CH2)3CH3 370.0 9.2 200±300
t4 7.8

c6 ÿ(CH2)5CH3 398.8 142.2 400±500
t6 166.8

c7 ÿ(CH2)6CH3 413.0 156.1 200±300
t7 153.8

c8 ÿ(CH2)7CH3 427.0 125.0 200±300
t8 144.9

c10 ÿ(CH2)9CH3 455.1 �10.0 *
t10

* insoluble in water

O C N 

O H 

C H 2 N H ( C H 3 ) 2 C l 

O R 

+   c i s   a n d 
+   t r a n s − 
− 

Fig. 1: Influence of number of carbons in alkoxysubstituent on efficiency
indices (EI) of local anesthetic activity in phenylcarbamate series

Fig. 2: Dependence of the local anesthetic activity (LAA) on molar
fraction of cis- and trans-isomers of the hexyloxysubstituted com-
pound (c6, t6)



In the present study the observed indices of LAA of in-
dividual cis- and trans-isomers did not differ significantly
(142.8 vs. 166.8). However, when the mixtures of both
isomers in various molar concentrations were applied, the
intensity of LAA has changed (Table 2). When the molar
concentration ratio of cis- and trans-isomers was 84 : 16
(%) the index of local anesthetic efficiency was the lowest
(114.0). When the ratio was reversed, the efficiency index
was the highest (222.2). Dependence of LAA on molar
ratios of the mixtures of the isomers could be expressed
by a sinusoidal curve (Fig. 2). On the other hand a quali-
tatively different, two peaks curve was found in our pre-
vious experiments for phenylcarbamates with the six car-
bon ring. In this case the highest index of LAA was found
when cis : trans percentual mixture ratio was 16 : 84, i.e.
reversed [8].
It seems that the problems of diastereoisomerism in a
series of phenylcarbamates are complex and connected

mainly with conformational changes at the regions of
sodium channels that bind to the tertiary amine moieties
of local anesthetic. Although we cannot answer these
specific questions now, the existing synergism between in-
dividual stereoisomers intimate some attribute which could
influence the mechanism of local anesthetic efficiency.

3. Experimental

The surface local anesthetic activity of all compounds was estimated on
rabbits cornea according to the method of Vrba and Sekera [11]. Different
concentrations of the compound were applied into the conjuctival sac for
30 min. Then, corneal sensitivity was tested by hair esthesiometer re-
peatedly in 3 min intervals. Full anesthesia occurred if no response was
elicited by 6 consecutive stimulations. Each compound was tested in 3±6
separate measurements with a least three different concentrations. Cal-
culated EC20min express the time of full local anesthetic lasting 20 min
and/or efficiency indices the relative anesthesia activity to the standard
drug cocaine (cocaine � 1).
Acute toxicity was estimated on mice after s.c. administration of 1% solu-
tions of tested compounds. The mortality of the animals was recorded 24 h
after the application and expressed as LD50 in mg � kgÿ1 [12].
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Table 2: Surface local anesthetic activity of diastereoisomeric
hexyloxyderivative mixtures expressed as concentra-
tions evoking anesthesia lasting 20 min (with their
ranges) and relative indices of anesthetic activity in
comparison to cocaine

cis : trans
molar ratio (%)

EC20min

(mol � lÿ1)
Efficiency index
(SLLA)

100 : 0 7.04� 10ÿ5

(6.80±7.22)
142.2

84 : 16 8.77� 10ÿ5

(8.38±8.96)
114.0

66 : 34 6.58� 10ÿ5

(6.20±6.96)
152.0

50 : 50 5.40� 10ÿ5

(5.24±5.53)
185.2

34 : 66 5.21� 10ÿ5

(5.08±5.34)
192.0

16 : 84 4.50� 10ÿ5

(4.38±4.71)
222.2

0 : 100 6.0� 10ÿ5

(5.81±6.13)
166.8

cocaine 1.0� 10ÿ2 1.0

Each value was obtained from 3±6 separate measurements in the least three different
concentrations
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In vitro effect of imipenem on Acinetobacter baumannii

A. HosÏtackaÂ

Imipenem at suprainhibitory concentrations (2�; 4� or 8�MIC) induced postantibiotic effects (PAEs) (suppression of
bacterial growth after a short time exposure of bacteria to antimicrobials) against two of three Acinetobacter baumannii
strains. The highest concentration tested demonstrated the longest delay of bacterial regrowth (1.7 h (strain 5570) or 3.9 h
(strain 6070)). All. A. baumannii strains showed changes in surface hydrophobicity and serum sensitivity after treatment
with imipenem. The antibiotic at 8�MIC reduced hydrophobicity of the strains most significantly (from 42.3%±72.0%)
as compared to controls (without antibiotic). Susceptibility of the treated bacteria to serum bactericidal activity has also
been lowered. Though imipenem suppressed bacterial growth and decreased surface hydrophobicity of the bacteria, it
increased survival of bacteria after incubation with serum. These different alterations observed in the studied strains
should be taken into account when evaluating the effects of imipenem.


