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Abstract:

Our previously conducted pharmacological investigations led us to discovery of the strong local anesthetic activity of the compound

KP-23RS. The following studies revealed that its R- and S-diasteroisomers had different activity in the local anesthetic,

anti-aggregating, anti-arrhythmic and spasmolytic tests. Also the influence of KP-23RS and its diastereoisomers on the cyclic

adenosine monophosphate (AMP) generating system was described. In the present study, anti-inflammatory and analgesic effects of

these compounds were investigated in hind paw edema test, Randall’s analgesia test and hot-plate test. Also the spasmolytic activity

and the influence on the stomach mucous membrane were examined. All of these compounds had an anti-inflammatory and

analgesic activity in hot-plate test and in Randall’s test. Moreover, compound KP-23R showed spasmolytic activity. None of the

investigated compounds induced damage of the mucous membrane of the rat stomach.
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Introduction

Activity of local anesthetics (LA) has been a subject

of intense studies during the last years. There has

been considerable interest in structural studies of LA

for a variety of their pharmacological and microbio-

logical activities, especially for their platelet anti-

aggregating, anti-arrhythmic, anti-inflammatory, anal-

gesic, anticonvulsant, antifungal and antibacterial

properties [15, 16, 18, 24, 26, 39, 41, 55]. The starting

point for the investigations described in this paper

was the observation from a preliminary pharmacologi-

cal screening that the compound (–)-4-[2-hydroxy-

3-(N-isopropylamino)-propoxyimino]-cis-carane hy-

drochloride (KP-23RS) and its R- and S-diastereoiso-

mers revealed the most efficient local anesthetic ac-

tivity when applied into the conjuctival sac of guinea

pig. The stereoisomers display high structural similar-

ity, as they have identical absolute conformation of

the lipophilic carane moiety (responsible for the inter-

action with the membrane), but opposite conforma-

tion of the chiral center of the side chain (responsible

for receptor activity) [49]. The comparison of biologi-

cal properties of such structures is interesting both

from theoretical and practical point of view. The pre-

viously obtained results indicate that the hydroxy-

amine carane derivative KP-23RS and its R- and S-di-

astereoisomers demonstrated potent local anesthetic

properties, (their experimentally established EC50 val-

ues when applied into the conjuctival sac of guinea

pig were 0.42, 0.45, 0.67%, respectively) [35]. The

effect of the tested compounds was stronger than that

of lidocaine (EC50 = 0.86%). Special attention should

be paid to diastereoisomer KP-23R, which exhibited
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a greater local anesthetic effect than the parent com-

pound, diastereoisomer S and lidocaine in infiltration

anesthesia. EC50 values for KP-23R, KP-23, KP-23S

and lidocaine were 0.11, 0.15, 0.67 and 0.65%, re-

spectively. Since the local anesthetic activity is exhib-

ited by the class I anti-arrhythmic drugs, which stabi-

lize cellular membranes, we also studied their influ-

ence on electrocardiogram and barium chloride- and

calcium chloride-induced arrhythmia in rats. The in-

vestigated compounds did not protect the animals

against arrhythmia evoked by adrenaline and barium

chloride. In the calcium model of arrhythmia, the

compounds KP-23RS and KP-23R did not protect

against rhythm disturbances, they only diminished

mortality by 33% [35].

A recent review of the molecular mechanism of ac-

tion of local anesthetics reported a rather moderate

stereospecificity of well-known local anesthetics [8].

Up until now, most of local anesthetics are optical iso-

mers which are mainly used as racemic compounds.

For example, a local anesthetic bupivacaine exists in

two stereoisomeric forms, R(+)- and S(–)-bupivacaine.

Because of lower cardiac and central nervous system

toxicity of S(–)-bupivacaine, attempts have been

made recently to introduce this isomer into therapy.

We also compared spasmolytic and �-adrenoceptor

blocking activity of KP-23 and its R,S-diastereoiso-

mers. The tested compounds (KP-23, KP-23R and

KP-23S) displaced [3H]prazosin from cortical binding

sites in µM concentration range (Ki = 24.5, 12.3 and

23.4 µM, respectively) [34]. Most of local anesthetics

have been shown to relax or inhibit contraction of

smooth muscle [1, 62]. Some local anesthetics inhibit

smooth muscle contractions induced by histamine [7].

In our previous study, we found that the investigated

compounds had different antiplatelet and local anes-

thetic activity [35–37]. We aimed to determine

whether these differences are reflected by the action

of KP-23 and its R- and S-enantiomers at the receptor

and intracellular levels. We demonstrated that the dif-

ference in affinity of both R- and S-enantiomers for

�-adrenoceptors was negligible, their anti-aggregating

and local anesthetic activities were different, thus

pharmacological activity of these compounds was

probably not related to their action on the �-adrenoceptor

system [37]. Moreover, it has been suggested that

there is a close correlation between the potency of

non-steroidal anti-inflammatory drugs (the inhibitors

of prostaglandin synthetase activity) and the degree of

their irritating action on the mucosa [5, 25, 57]. Be-

cause the local anesthetics possess anti-inflammatory

and antinociceptive properties [3, 6, 11, 15, 29, 52,

59], in the present study, we examined such activity of

both enantiomers. Thus, the “hind paw edema”, Ran-

dall’s analgesia test and hot-plate test were performed

to investigate anti-inflammatory and analgesic activi-

ties of both enantiomers in comparison with racemate.

Materials and Methods

Animals

Male albino Wistar rats (150–200 g) and male albino

mice (18–26 g) were used for anti-inflammatory and

analgesia tests, respectively. The animals were housed

and fed in a laboratory kept at constant temperature of

22°C under standard conditions (12:12 h light-dark

cycle, standard pellet diet, tap water). Each experi-

mental group consisted of 6 animals/dose and all the

animals were used only once. Treatment of 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 [40], lidocaine (LID)

(lignocainum hydrochloricum, Polfa, Poland), bupi-

vacaine (BUP) (bupivacainum hydrochloricum, Polfa,

Poland), propranolol (PRP) (propranololum hydro-

chloricum, Polfa, Poland) were dissolved in saline.

Polopiryna (ASA) (Acidum acetylsalicylicum, Pol-

pharma, Poland), Ketoprofen (KET) were provided

by Sigma, Germany. In this study, the anti-

inflammatory and analgesic activities of KP-23 and

its diastereoisomers were investigated employing

hind paw edema and analgesia tests (Randall and Se-

litto’s test and hot-plate test), respectively.

Determination of anti-inflammatory activities of

the investigated compounds using

carrageenan-induced hind paw edema test

Male albino Wistar rats (100–150 g) were used in

“hind paw edema” test. Rats were divided into four

groups, one of them being the control. In order to pro-

duce inflammation, 0.1 ml of 1% carrageenan solu-

tion in water was injected into hind paw subplantar
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tissue of rats, according to the modified method of

Winter [66] and Lenèe [33]. The development of paw

edema was measured pletysmographically. Prior to

this administration, paw diameters were measured by

dividers and recorded. After carrageenan injections,

the investigated compounds were administered orally

(po). Physiological saline was administered in the

same way to the control group. After these administra-

tions, paw diameters were measured at 1, 2, and 3 h,

percent of edema and edema inhibition was calculated

according to the following formulas: Edema % = (N’

× 100)/N. Edema inhibition % = (N-N’ × 100)/N.

Where: N = paw diameters measured 1, 2 and 3 h af-

ter injection of carrageenan to the control group – paw

diameters at the beginning. N’ = paw diameters meas-

ured 1, 2, and 3 h after injection of carrageenan to the

test groups – paw diameters at the beginning.

Analgesic activity test

This method for measuring analgesic activity is based

on the method described by Randall and Selitto [58].

To induce inflammation, 0.1 ml of a carrageenan solu-

tion in saline is injected subcutaneously into the plan-

tar surface of the left hind paw of the rat. Four hours

later, pressure is applied through a tip to the plantar

surface of the rat’s foot at a constant rate (expressed in

g) by an analgesymeter type Ugo Basile, to the point

at which the animal struggles, squeals or attempts to

bite. The percentage increase in pain threshold is cal-

culated, by subtracting the applied force of the vehicle

control from the applied force in the drug group,

which is divided by the applied force of the vehicle

control in order to give the percentage of increase in

pain threshold of the drug group. Percent of analgesia

was calculated according to the following formula: %

analgesia = (100 × B)/A–100. Where: A = mean pres-

sure (in g) in the control group; B = mean pressure (in

g) in the test group. Mean pain threshold was calcu-

lated for treated and control groups as the percent

change in relation to the control.

Irritant action on the gastric mucosa according

to Komatsu

Ulcerogenic effect was determined by the method of

Komatsu et al. [30]. The tested compounds were ad-

ministered to fasted rats having free access to drink-

ing water. Four hours after administration of the com-

pounds, the rats were sacrificed, the stomach was re-

moved and, after incision along the lesser curvature,

rinsed with a tap water, soaked in warm (37°C) saline,

spread on a cork board and pinned down. The mucosa

of the glandular part of the stomach was inspected us-

ing a binocular microscope (10-fold magnification).

Thus, we examined irritation of gastric mucosa after

the test compounds which showed a significant anti-

inflammatory activity. The mucosal lesions were

evaluated using the five-point scale (0 – no lesions,

1 – erythema, 2 – punctiform ulcers, 3 – small ulcers,

4 – large ulcers, 5 – perforation).

Hot-plate test

The hot-plate test was conducted according to the pro-

cedure described by Eddy and Leimbach [13]. In this

test, reaction of mice to painful stimulus was meas-

ured. Mice were placed on the metal plate heated to

52 ± 0.4°C and covered with a glass cylinder (25 cm

high, 15 cm in diameter). The time (s) elapsing to the

first pain response (licking or jumping) was deter-

mined by a stop-watch and then recorded. The experi-

ments were conducted 30 min following the po ad-

ministration of the investigated compounds.

The influence on the rabbit intestinal smooth

muscle

The influence of the investigated compounds on the

smooth muscle was investigated on the rabbit small

intestine, according to the Magnus’ method [42]

modified and described by Orisadipe [48]. The white

rabbits were sacrificed be cervical dislocation and the

small intestine was immediately removed, and cut

into strips about 3–4 cm long. The isolated strips were

incubated in Tyrode solution at 37°C and aerated with

carbogen in special laboratory dishes. The isolated

strip of the intestine was placed in a test glass tube

with the Tyrode solution constantly aerated by carbo-

gen. A 60 min equilibration was allowed during

which the physiological saline solution was changed

every 15 min. The influence of the investigated com-

pounds on spontaneous contractions of the rabbit il-

eum was evaluated. The contraction of the intestine

was recorded on a TZ-4100 line recorder via isomet-

ric Harvard transducer, at the muscle load of 1 g. The

investigated compounds were administered in the

dose range from 10–8 to 10–4 M. The influence of

every single dose was recorded for 5 min.
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Statistical analysis

The data are expressed as the means ± SEM. The ob-

tained data were evaluated by a one-way analysis of vari-

ance (ANOVA), followed by Bonferroni’s multiple com-

parison test; p < 0.05 was considered significant [61].

Results

The present study demonstrated that all the investi-

gated monoterpene derivatives administered orally

showed diverse activity in carrageenan test (Tab. 1).

At the lower dose (50 mg/kg) KP-23S compound did

not affect the rat hind paw edema while the KP-23RS

and KP-23R compounds showed significant anti-

inflammatory activity (Tab. 1). Their anti-inflammatory

activity was compared with that of ASA and KET, and

the profile of anti-inflammatory, analgesic and gastric

mucosa-damaging activities of the investigated com-

pounds was more satisfactory than that of the refer-

ence compounds. KP-23R compound exhibited the

highest anti-edematous activity of all investigated

compounds, with not much lower activity than ASA

or KET, which were used as reference drugs. How-

ever, the effect of KP-23R disappeared earlier than

that of the reference drugs (Tab. 1). It was confirmed

that KP-23R isomer showed stronger analgesic activ-

ity than both KP-23 racemic mixture and KP-23S iso-

mer. In Randall-Selitto test, the intensity of action of

KP-23R was comparable to KET as well as to ASA,

which were administered at higher doses (100 and

200 mg/kg). KP-23 racemic mixture and KP-23S iso-

mer revealed quantitatively similar analgesic activity.

The investigated monoterpene derivatives showed

anti-inflammatory and analgesic activity in the car-
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Tab. 1. The anti-inflammatory activity of the investigated compounds

Compound Dose
[mg/kg]

Edema inhibition [%] Analgesic
activity [%]

1 h 2 h 3 h

KP-23RS 50

100

200

25.51�

17.34�

24.49�

12.69�

19.79�

35.53�

5.44�

12.45�

33.85�

5.03

15.54

27.23

KP-23R 50

100

200

46.25�

50.00�

62.30�

36.99�

43.15�

45.21�

26.33�

42.47�

34.96�

33.04

29.54

37.70

KP-23S 50

100

200

–2.46

26.23�

20.49�

9.21

33.77�

41.23�

2.51

28.30�

38.05�

3.85

23.66

22.54

KET 50

100

200

66.70

80.00

91.60

70.72

75.75

75.75

77.44

80.65

80.65

28.95

30.96

33.55

ASA 50

100

200

43.76

47.06

54.94

51.82

54.83

66.30

45.31

52.59

68.35

–5.94

30.38

31.41

The experiments were conducted on male Wistar rats (200–250 g),
6 rats in the group. In the measurement of edema the one-way re-
peated measures ANOVA revealed significant KP-23S treatment ef-
fect F(3,60) = 9.978, p = 0.0003 and significant time of increase in
paw edema effect F(3,60) = 469.4, p < 0.0001. There is a significant
interaction between groups, F(3,60) = 3.581, p < 0.0001. Edema inhi-
bition according to Winter et al. [66], analgesic activity according to
Randall and Selitto test [58]. For further explanations see Materials
and Methods.

�
p < 0.05;

�
p < 0.01;

�
p < 0.001

Tab. 2. The influence of the investigated and reference compounds
on rat’s gastric mucosa

Compound Dose
[m/kg]

po

Mucosal lesions

Erythema

(1)

Punctiform
ulcers

(2)

Small
ulcers

(3)

Large
ulcers

(4)

Perforation

(5)

KP-23RS 50

100

200

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

KP-23R 50

100

200

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

KP-23S 50

100

200

–

–

–

–

–

–

–

–

–

–

–

–

–

–

–

ASA 50

100

200

–

x

x

–

–

–

–

–

–

–

–

–

–

–

–

KET 50

100

200

x

x

x

x

x

x

x

x

x

–

–

x

–

–

x

The experiments were conducted on male Wistar rats (200–250 g),
6 rats in the group. The mucosa of the glandular part of the stomach
was inspected using a binocular microscope (10-fold magnification).
The mucosal lesions were evaluated using 0–5 gradation. For further
explanations see Materials and Methods. – = no lesions; X =
presence of effect



rageenan induced edema test which was performed on

rats (Tab. 1). The most active compound KP-23R at

all doses decreased the carrageenan-induced edema

by 46.25–62.30%, while ASA and KET, used as refer-

ence compounds, decreased carrageenan-induced

edema by 45.31–68.35, and 77.44–80.65%, respec-

tively (Tab. 1). All tested compounds, administered

orally also showed significant analgesic activity (ac-

tivity in Randall-Sellitto test, Tab. 1).

The irritating effects on stomach mucous mem-

brane of compounds KP-23RS, KP-23R and KP-23S

and the reference KET and ASA are demonstrated in

Table 2. In contrast to ASA, which caused erythrema

when used at the doses of 100 and 200 mg/kg, and

KET, which administered at the dose as low as

50 mg/kg caused erythrema, KP-23RS and its stereoi-

somers did not damage stomach mucous membrane.

It was also observed that KP-23RS, KP-23R and KP-

23S compounds did not possess gastrotoxic activity,

they did not cause microbleeding from the stomach

mucous membrane which limits the possibility of us-

ing analgesic and antiinflammatory drugs. Moreover,

these compounds did not show ulcerogenic effect at

all tested doses (Tab. 2). Both ASA and KET showed

different ulcerogenic effects in rats. ASA at the dose

of 50 mg/kg did not show the ulcerogenic activity but

at the dose of 100 and 200 mg/kg, we observed visible

erythema of a part of the mucous membrane of the rat

stomach, (2 points on the scale), while KET at all

used doses strongly damaged the mucous membrane

of the rat stomach (3 , 4 and 5 points on the scale for

50, 100 and 200 mg/kg, respectively, Tab. 2).

In the hot-plate test compound KP-23RS showed

the strongest analgesic activity after being adminis-

tered at the dose of 1/20 LD50, while at the lower dose

of 1/40 LD50, it induced slight effect. KP-23R stereoi-

somer showed the highest activity at the dose of 1/10

LD50, and the weakest one at the dose of 1/20 LD50

and dose-dependency was not observed. The greater

prolongation of reaction to thermal stimulus was ob-

served after administration of KP-23R, BUP and LID

(Tab. 3). LID and BUP had similar activity in this test

(Tab. 3). Among compounds examined in the hot-

plate test, PRP had the strongest analgesic activity.

The influence of BUP and LID on the reaction time to

pain stimulus was comparable (Tab. 3). The investi-

gated monoterpene analogs of PRP (KP-23RS, KP-

23R, KP-23S) demonstrated statistically significant

spasmolytic activity on the isolated rabbit ileum. The

calculated EC50 value of KP-23RS, KP-23R and KP-

23S were 1.61 × 10–5; 1.81 × 10–6 and 1.61 × 10–4 M,

respectively (Tab. 4).

Discussion

Local anesthetics have been suggested to have anti-

inflammatory properties by influencing a wide spec-

trum of cellular functions, which are relevant to in-

flammatory diseases [10, 43, 53]. Local administra-

tion of LID and ropivacaine has been reported to be

beneficial in colitis [2]. Moreover, some authors re-

ported that local anesthetics such as ropivacaine,

dose-dependently reduced tumor necrosis factor
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Tab. 3. The activity of the investigated compounds in hot-plate test

Compound Dose x/LD�� Time of reaction to
pain stimulus

[s] ± SEM

Analgesic activity
[%]

Control – 9.66 ± 0.42 –

KP-23 1/10 13.71 ± 1.82 41.92

1/20 16.85 ± 1.80 74.43

1/40 14.86 ± 1.50� 51.75

KP-23R 1/10 19.43 ± 2.41� 101.13

1/20 11.86 ± 1.67� 22.77

1/40 12.57 ± 2.36� 30.12

KP-23S 1/10 19.57 ± 2.61� 102.58

1/20 18.86 ± 3.04� 95.23

1/40 14.43 ± 2.31� 49.37

Bupivacaine 1/10 22.86 ± 2.64� 136.64

1/20 21.71 ± 1.19� 124.74

1/40 20.57 ± 2.51� 112.94

Lidocaine 1/10 22.71 ± 1.37� 135.09

1/20 19.85 ± 1.61� 105.48

1/40 18.14 ± 1.50� 87.78

Propranolol 1/10 36.71 ± 3.98� 280.02

1/20 22.86 ± 2.05� 136.64

1/40 22.14 ± 1.33� 129.19

The experiments were conducted on male Albino mice (18–26 g).
The time (s) point that the first pain response (licking or jumping) ob-
tained was determined by a stop-watch and then, recorded. The ex-
periments were conducted 30 min following the po administration of
the investigated compounds. Values are the means ± SEM of 6–7
mice in the group. For further explanations see Materials and Meth-
ods.

�
p < 0.05,

�
p < 0.01,

�
p < 0.001



(TNF-�)-induced leukocyte adhesion, while ropiva-

caine administration had no effect on leukocyte mi-

gration in response to TNF-� stimulation [4, 50, 53,

60, 64]. Other data indicated that LID disrupted macro-

phage functions [12, 32]. These properties are impor-

tant, given that phagocytes are essential for controlling

almost all infections and are mediators of inflamma-

tion. Importantly, the described studies revealed that

local anesthetics other than LID affected neutrophils

function. The local anesthetics at a therapeutic concen-

tration inhibited neutrophils functions including the

production of superoxide anion and hydrogen perox-

ide, but not adhesion, and phagocytosis [4, 10, 12, 65].

The isolated rabbit ileum exhibits significant and

strong spontaneous contractile activity. Local anes-

thetics abolished the spontaneous contractile activity

and induced the relaxation of the rabbit ileum [54].

Treatment of the isolated tissue with local anesthetics

decreased the spontaneous contractions and also re-

duced the tonus of the isolated segment. Other studies

performed in vitro on the antispasmodic action of

some monoterpenes of essential oils showed that they

inhibited the contractions induced by various spasmo-

gens. The myorelaxant activity of essential oils has

been related to their monoterpene components such as

linalool and menthol. Some authors suggest that the

essential oils may interact with the lipid bilayer of the

plasma membrane, inhibit Ca++ influx, preventing the

increase in Na+ permeability and blocking the neuro-

transmission [56]. Some monoterpenes, such as lina-

lool and menthol, possess local anesthetic activity,

which could be responsible, at least in part, for their

muscle-relaxing properties [19–21].

Local anesthetics were shown to reduce edema for-

mation and improve circulation in experimental

burns, inhibit the inflammatory response to a thermal

trauma in human volunteers following systemic [46]

and topical administration of local anesthetics [45].

Moreover, these agents inhibit leukocyte migration

into a site of inflammation [14] and inhibit production

of PGE2 [43, 68]. The same study showed that local

anesthetics could be potent inhibitors of the in vivo re-
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Tab. 4. The influence of KP-23RS, KP-23S and KP-23R on isolated rabbit ileum

Compound Concentration
[M/l]

Frequency Decrease of frequency
[%]

Amplitude
[cm]

Decrease of amplitude
[%]

EC��

Control – 11.00 ± 0.60 – 7.20 ± 1.60 – –

KP-23RS 10�� 11.00 ± 0.60 0 3.50 ± 1.20 51.40 1.61 x 10��

10�� 11.00 ± 0.60 0 4.40 ± 0.7 38.90

10�� 11.00 ± 0.60 0 4.00 ± 1.50 44.40

10�� 10.70 ± 0.70 2.7 3.10 ± 1.70� 56.90

10�	 0.00� 100 0� 100

Control – 11.00 ± 0.60 – 8.30 ± 2.50 – –

KP-23R 10�� 12.00 ± 1.00 14.20 3.80 ± 2.40 54.20 1.81 x 10��

10�� 13.70 ± 1.80 2.10 2.90 ± 1.40 65.00

10�� 12.00 ± 1.50 14.20 2.90 ± 1.40 65.00

10�� 0.00� 100 0� 100

10�	 0.00� 100 0� 100

Control – 15.30 ± 0.70 – 6.80 ± 0.60 – –

KP-23S 10�� 14.70 ± 0.30 3.90 5.60 ± 1.00 17.60 1.61 x 10�	

10�� 14.70 ± 0.30 3.90 5.70 ± 0.50 16.20

10�� 14.70 ± 0.30 3.90 5.90 ± 0.70 13.20

10�� 14.30 ± 0.30 6.50 3.80 ± 0.20� 44.10

10�	 6.30 ± 3.20� 58.30 0.60 ± 0.30� 91.20

The influence of the investigated compounds on the smooth muscle were investigated on the thin intestine of rabbit. Isolated strips were incu-
bated in Tyrode solution at 37�C and aerated by carbogen. Values are the means ± SEM of 6–7 preparations in the group. For further explana-
tions see Materials and Methods.

�
p < 0.05,

�
p < 0.01,

�
p < 0.001



lease of several pro-inflammatory mediators from leu-

kocytes [43, 68]. Also the beneficial activity of local

anesthetics in inflammatory diseases of the gastroin-

testinal tract was described [2, 44]. Because local an-

esthetics affect the release of inflammatory agents,

their beneficial effect on bowel function may results at

least in part from their anti-inflammatory effects [27].

Also natural compounds such as terpenoids showed

anti-inflammatory and analgesic activity [22, 28, 51].

Chirality of the investigated compounds was of

great importance for their analgesic activity. The ob-

tained results indicate that KP-23RS and its stereoiso-

mers KP-23R and KP-23S demonstrated antiedema-

tous as well as analgesic activities. KP-23R stereoiso-

mer exhibited the strongest antiedematous activity of

all investigated compounds. Its activity was compara-

ble to ASA but weaker than KET. KP-23R demon-

strated also the strongest analgesic activity, compara-

ble to KET and ASA. All investigated compounds did

not cause damages of stomach mucous membrane in

contrast to other, commonly used anti-inflammatory

drugs (ASA, KET). The lack of gastrotoxicity with

strong anti-inflammatory and analgesic potency of the

investigated compounds suggests the possibility to in-

troduce new drugs with proved local anesthetic activ-

ity. In the previous studies, we showed that KP-23RS

and its R- and S-stereoisomers had much stronger

anti-aggregating activity than LID and BUP [36]. We

also demonstrated that KP compounds enhanced the

forskolin-induced accumulation of cyclic adenosine-

monophosphate (cAMP) in the cerebral cortical slices

[37]. The obtained results suggest that KP-23RS was

more effective than its stereoisomers. Forskolin, a diter-

pene compound, is a direct activator of adenyl cy-

clase, which is responsible for generating cAMP. Sev-

eral local anesthetics, including PRP, may enhance the

effect of forskolin on the cAMP generation. Since

cAMP inhibits platelet aggregation, we speculate that

the potentiating effect of KP-23 compounds on

forskolin-induced cAMP generation may be responsi-

ble for their anti-aggregating activity. Functioning of

amiodarone, PRP and related compounds is facilitated

by their cationic amphiphilic properties [9, 17, 38].

Cationic amphiphilic drugs were also reported to have lo-

cal anesthetic [63, 67, 69], anti-inflammatory [31], anal-

gesic activity [23, 47, 63, 67]. Some compounds showed

the influence on an isolated tissue [9]. KP-23 compounds

are monoterpene analogs of PRP and also have the char-

acteristics of cationic amphiphilic drugs [49].

The mechanism of anti-inflammatory and analgesic

activity of KP-23 compounds may be similar to the

mechanism of action of cationic amphiphilic drugs

(they reduce the hydrolytic release of fatty acids from

membrane phospholipids and consequently decrease

the biosynthesis of bioactive oxidizing arachidonate

metabolites, that are inflammatory mediators). It is

possible to speculate that the anti-inflammatory ef-

fects of the compounds which showed local anesthetic

activity, can be also due to a blockade of leukotriene

B4 (LTB4) production. Because LTBz4 in combination

with prostaglandin E2, induces edema formation,

blockade of LTB4 release by local anesthetics may ex-

plain in part the beneficial effects of LAs on edema

formation [27]. Analgesic, anti-inflammatory and

spasmolytic activity and lack of gastrotoxicity of KP-

23 compounds demonstrated in the present study, to-

gether with their previously indicated significant local

anesthetic activity without toxicodermal damages

suggest that they can be used as potential new drugs.
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