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Comparative investigations of hydroxyamine carane derivative and its R,S-diastereo-
isomers with strong local anesthetic activity. T. LIBROWSKI, R. CZARNECKI, S. LO-
CHYÑSKI, B. FR¥CKOWIAK, M. PASENKIEWICZ-GIERULA, J. GROCHOWSKI,
P. SERDA. Pol. J. Pharmacol., 2001, 53, 535–539.

Our previously conducted pharmacological screening led as to the discovery of the
strong local anesthetic activity of the compound designated as KP-23. Earlier crystallo-
graphic studies revealed that the compound KP-23 crystallized in diastereoisomeric form
in lowest symmetry. The aim of these comparative investigations was to evaluate anes-
thetic activity of KP-23 and its R,S-diastereoisomers, which were synthesized at the Insti-
tute of Organic Chemistry, Biochemistry and Biotechnology, Wroc³aw University of
Technology.
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In the course of our previous investigations of
new drugs with a potential local anesthetic and an-
tiarrhythmic activity, a number of compounds have
been examined [4, 8, 9]. Among all investigated mo-

noterpene derivatives, the compound (–)-4-[2-hy-
droxy-3-(N-isopropylamino)-propoxyimino]-cis-
-carane hydrochloride (KP-23) revealed the most
efficient local anesthetic activity in the used tests.
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A recent review of the molecular mechanism of lo-
cal anesthetics reported rather moderate stereospe-
cificity of known local anesthetics [2]. The study of
the crystal structure of KP-23 revealed triclinic cry-
stals built of repeated dimeric forms containing two
formal molecules of the compound. The two mole-
cules are diastereoismers having opposite absolute
configuration on one of four chiral centres. Inter-
esting pharmacological properties [7] of the com-
pound raised two questions: whether the activity of
the compound is stereospecific, and whether di-
meric forms appear stable in solution. The answer
to the first question required stereospecific synthe-
sis (affording an enantiopure form) and absolute
structure determination followed by pharmacologi-
cal tests of each stereoisomer [3], whereas the sta-
bility of the dimer in solution was investigated using
equilibria studies with molecular dynamics meth-
ods [6]. The pharmacological subject of this study
was the comparative investigations of anesthetic
activity of KP-23 and its R,S-diastereoisomers.

The in vivo experiments are carried out in ro-
dent’s body which comprises a chiral environment
due to optically active proteins, thus, it is not sur-
prising that enantiomeric drugs exhibit different
pharmacological activities, when used as pure opti-
cal isomers. Till today most of local anesthetics
have been optical isomers which are mainly used as
racemic compounds. For example, the local anesthe-
tic bupivacaine exists in two stereoisomeric forms,
R(+)- and S(–)-bupivacaine. Because of its lower
cardiac and central nervous system toxicity, attempts
were made recently to introduce S(–)-bupivacaine
into therapy.

We have compared the local anesthetic efficacy,
of KP-23R and KP-23S with that of racemic parent
compound (KP-23). Since the local anesthetic ac-
tivity is characteristic of the antiarrhythmic drugs
of I class, like the drugs which stabilize the cellular
membranes, we also compared their influence on
electrocardiogram and barium chloride- and cal-
cium chloride-induced arrhythmia in rats.

MATERIALS and METHODS

Animals and experimental conditions

The studies were carried out on male Albino
Swiss mice weighing 18–24 g (purchased from a li-
censed dealer; Hurlak, Kraków, Poland), normoten-
sive male Wistar rats weighing 170–350 g and guinea

pigs of both sexes (300–450 g). The animals were
kept in plastic cages in a room at a temperature of
20 ± 4°C, under 12/12 h light/dark cycle (light on
from 7 a.m. to 7 p.m.). They were fed with granu-
lated feed (standard laboratory pellets; Bacutil,
Motycz, Poland) and had free access to water. The
control and study groups consisted of 8–10 animals
each. Treatment of the used laboratory animals in
the present study was in full accordance with the
respective Polish and European regulations and
was approved by the Local Ethics Committee.

Drugs

KP-23, KP-23R and KP-23S (synthesized at the
Institute of Organic Chemistry and Biotechnology
of the Wroc³aw University of Technology), lido-
caine (lignocainum hydrochloricum, Polfa, Poland),
hexobarbital (Germed, Germany), propranolol hy-
drochloride (Polfa, Poland) were dissolved in sa-
line. Depending on the experimental method, the
tested compounds were given intravenously (iv), at
doses corresponding to 1/5 of LD2�, intradermally
or topically, in the form of 0.5, 1 and 2% solutions.

Acute toxicity

The LD2� values [5] of the investigated com-
pounds were calculated from a 24 h mortality rate,
using doses up to 2 g/kg. The general behavior was
observed for 6 h after injection of the tested com-
pounds.

Local anesthetic activity

Local anesthetic activity was evaluated accord-
ing to Bülbring and Wajda [1].

A. Corneal anesthesia

The studied compounds were instilled to the
right conjunctival sac as a 0.5, 1.0 and 2.0% solu-
tions in the same volume of 0.05 ml, and the same
volume of 0.9% NaCl was applied to the left eye.
The corneal reflex was examined by irritation a right
eye conjunctiva (studied eye) and a left eye con-
junctiva (control eye) by horse hair. The strength of
local anesthetic activity was determined as a time
from the moment of solution instillation to the mo-
ment of reflex return. The presence or lack of cor-
neal reflex were recorded during an activity assess-
ment. The eye conjunctiva irritation was done
6 times (every 5 s) with the pause of 5 min during
the first 30 min. The assessment of EC2� was based
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on the summarized irritation induced by each con-
centration (in %) of the investigated compounds
that guinea pig did not react during period of obser-
vation.

B. The infiltration anesthesia (intradermal wheal

test)

The infiltration anesthesia was tested in guinea
pigs, by causing the intradermal wheal by injection
to the dorsum skin of the studied compounds in
a volume of 0.1 ml and at the doses of 0.5, 1.0 or
2.0%.

The painful reaction to prick was registered af-
ter pricking 3 times the skin at the center of the
wheal (every 5 s) with 5 min intervals during the
first 30 min of observation and next after 15 min.
Experiment was continued to achieve the return of
reaction to a prick. The control wheal was done by
an intradermal injection of 0.1 ml of 0.9% NaCl.
The obtained results were compared with the dura-
tion of infiltration anesthesia in guinea pigs after
lidocaine administration at the doses of 0.1, 0.5 and
1.0%. The differences between EC2� values in the
control and studied groups were evaluated.

The effect on ECG

The electrocardiographic recording in rat was
done with ASPEL apparatus, with standard lead II,
and tape speed of 50 mm/s. The investigated com-
pounds were administered at doses equal to 1/10
LD2�. The ECG was recorded just before admini-
stration of the compounds and 1, 5, 10 and 15 min
thereafter.

Prophylactic antiarrhythmic activity

Prophylactic antiarrhythmic activity was deter-
mined according to Szekeres and Papp [10].

Adrenaline-induced arrhythmia

The arrhythmia was evoked in rats anesthetized
with thiopental (75 mg/kg, ip) by iv injection of
adrenaline (20 �g/kg, in a volume of 1 ml/kg of
animal weight). The studied compounds were ad-
ministered iv 15 min before adrenaline. Antiarrhy-
thmic activity was evaluated on the basis of the
time of occurrence of adrenaline-induced arrhyth-
mia and the survival time of animals in the control
and studied group. ECG was recorded on a Multi-
card E-3 or E-30 apparatus, using the standard limb
lead, and the tape speed 50 mm/s.

Barium chloride-induced arrhythmia

Barium chloride solution was injected into the
caudal vein of a rat (32 mg/kg, in a volume of
1 ml/kg). The investigated compound was given iv
15 minutes before the arrhythmogen. The criterion
of antiarrhythmic activity was a gradual disappear-
ance of the arrhythmia and restoration of the sinus
rhythm.

Calcium chloride-induced arrhythmia

Calcium chloride solution (200 mg/kg, in a volu-
me of 1 ml/kg) was injected into the tail vein of
a rat. The criterion of antiarrhythmic action was the
absence of extrasystole and inhibition of rhythm
disturbances in comparison with the control group.

Statistical analysis

Student’s t-test or Fisher’s two-tailed exact pro-
bability test were used to determine the significan-
ce of differences between mean values of the con-
trol and treatment groups. Differences were consi-
dered significant when p < 0.05.

RESULTS and DISCUSSION

The comparison between LD2� values for the
parent compound and its R- and S-diastereoisomers,
determined in mice after iv drug administration, is
presented in Table 1. The toxicity of the compound
KP-23 and lidocaine was similar, while that of
compound KP-23R was slightly higher than that of
lidocaine. The toxicity of diastereoisomer S was
almost two times higher than that of lidocaine.
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The obtained results indicate that the investi-
gated hydroxyamine carane derivative and its R- and
S-diastereoisomers demonstrated potent local anes-
thetic properties when applied into the conjuctival
sac of guinea pig. Their determined EC2� values
were 0.42 (0.20–0.88), 0.45 (0.30–0.68) and 0.67
(0.40–1.13), respectively. The effect of the tested
compounds was stronger than that of lidocaine
(EC2� = 0.86 (0.68–1.10). Special attention should
be paid to diastereoisomer R, which exhibited a lo-
cal anesthetic effect stronger than parent compound,
diastereoisomer S and lidocaine in infiltration an-
aesthesia. EC2� for KP23R, KP-23, KP-23S and
lidocaine were 0.11; 0.115; 0.67 and 0.65, respec-
tively. The data reported in Tables 2 and 3 indicate
that the therapeutic index (TI), especially of the
compounds KP-23R, was more favorable than that
for lidocaine. Diastereoisomer KP-23S showed
worse TI both in comparison with lidocaine, parent
compound and diastereoisomer R. A number of
studies showed relationship between the local anes-
thetic effect and the antiarrhythmic activity. The
antiarrhythmic activity is not necessarily accompa-
nied with the local anesthetic effect, though the lat-
ter effect may be connected with the activity that
depresses conduction and contractility of the car-
diac muscle. The investigated compounds, admini-
stered iv at doses corresponding to 1/5 of LD2� de-
creased the number of cardiac beats per minute and
temporarily enhanced the QRS complex.

All the studied compounds diminished the heart
rate by 10–30% and lenghtened the duration of
the P-Q section, the QRS complex and the Q-T in-
terval in the statistically significant way (p < 0.001)
(Tab. 4). The investigated compounds, administe-
red as described above, did not protect the animals
against arrhythmia evoked by barium chloride. The
tested compounds did not prevent the adrenaline-
-induced arrhythmia. In the calcium model of ar-
rhythmia, the compounds KP-23 (parent compound)
and KP-23R (diastereoisomer R) did not protect
against rhythm disturbances, they only diminished
mortality by 33%.

Summing up, the investigated new R,S-dia-
stereoisomers demonstrated potent local anesthetic
properties. Diastereoisomer R showed stronger lo-
cal anesthetic effect than lidocaine and S-diastereo-
isomer. Further comparative investigations of the
pharmacological activity of R,S-diastereoisomers
of the compound KP-23 seem to be well-founded.
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