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Abstract:

Oxidants play a significant role in causing oxidative stress, which underlies the pathogenesis of inflammation and rheumatoid arthri-
tis. The processes associated with inflammatory responses are complex and often involve reactive oxygen species. There are many
mediators that initiate and amplify the inflammatory response such as histamine, serotonin and metabolic products of arachidonic
acid (thromboxane, prostaglandins and leukotrienes). In the present study, we examined the antioxidant activity of carane deriva-
tives – KP-23 and its optical isomers – that possess strong local anesthetic and anti-inflammatory activity. The antioxidant effects
(expressed as Trolox Equivalent Antioxidants Capacity, TEAC) were observed for one of the optical isomers of carane, a derivative
of propranolol – KP-23R. The relative scavenging effect (%R) of ABTS� by KP-23S, KP-23R and standards measured at 30 min was
the following, listed in decreasing order: tetracaine > KP-23S > KP-23R > procaine > lignocaine > benzocaine (99, 85, 80, 38, 21 and
20%, respectively, at a concentration of 10 mM). The IC�� values also show strong antioxidant properties of the investigated KP
compounds (ranging between 11–18 mM) and tetracaine (6.2 mM) compared to other local anesthetics (129–348 mM). Moreover,
monoterpene derivatives were more effective as antioxidants than propranolol diastereoisomers (280–528 mM). We found that
carane derivatives, in contrast to propranolol diastereoisomers, serve as potent antioxidants by scavenging radicals
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Introduction

Superoxide anions are precursors to active free radi-
cals that have the potential to react with biological
macromolecules and thereby induce tissue damage
[16]. Additionally, superoxide has been implicated in
several pathophysiological processes due to its trans-
formation into a more reactive species, such as hy-
droxyl radicals, that initiate lipid peroxidation. Super-
oxide has also been observed to directly initiate lipid
peroxidation [39].

Free radicals are highly reactive transient chemical
species formed in all cells as unwanted by-products of
normal aerobic metabolism. Cells are protected from

free radical induced damage by a variety of radical
scavenging antioxidant proteins, enzymes and chemi-
cal compounds. Cellular damage arising from an im-
balance between free radical generating and scaveng-
ing systems (‘oxidative stress’) has been implicated in
the pathogenesis of a wide range of human disorders,
including ischemia-reperfusion injuries characteristic
of neurological disorders, such as strokes. Several
publications have described drugs from different
pharmacological classes that show antioxidant prop-
erties [2, 5, 13, 14, 17, 18, 25]. Recent research has
suggested that anesthetics such as propofol may func-
tion as antioxidants, thereby protecting brain tissue
from free radical induced damage to the lipid compo-
nents of cell membranes [26]. Local anesthetic agents
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may exert antioxidant properties in various models [27, 28].
Lidocaine and bupivacaine, two well-known local anesthetic
agents, may exert antioxidant properties [8–10, 19].

Many reports demonstrated that the anti-oxidative
activity of terpenoids may be related to their relaxing
effect on the vascular wall and action as antagonists
of platelet-activating factor, which improves blood
flow and has a stimulating effect on the secretion of
neurotransmitters [39]. Many authors have also dem-
onstrated the anti-oxidative properties of essential oils
containing various monoterpenes [15, 36]. The higher
anti-oxidative activity of these oils is attributed to
high content of monoterpenes, especially oxygenated
ones [1, 4, 6, 29, 32]. Our previous study demon-
strated that KP-23 compounds contain natural mono-
terpene structures and possess anti-inflammatory and
in vitro antioxidant activities, and the terpenes may be
the active constituent responsible for the anti-inflam-
matory activity. The analgesic and anti-inflammatory
activity of KP-23 compounds is already known [20].
Thus, in the present study our findings that KP-23 in-
hibits free radicals extend our knowledge of the anti-
inflammatory activity of this interesting molecule al-
ready credited with antioxidant activity.

Among the investigated propranolol analogs con-
taining natural monoterpene structures, the compound
(–)-4-[2-hydroxy-3-(N-isopropylamino)-propoxyimino]-
cis-carane hydrochloride (KP-23) and its diastereoiso-
mers demonstrated the most effective pharmacologi-
cal activity in experimental tests [33–35]. Moreover,
previous studies revealed that the R- and S-dia-
steroisomers have differential activity in the local an-
esthetic, anti-aggregating, anti-arrhythmic and anti-
spasmolytic tests. The influence of KP-23 and its dia-
stereoisomers on the cyclic AMP generating system,
which generates the anti-inflammatory and analgesic
effects of these compounds in the hind paw edema
test and Randall’s analgesia and hot-plate test has also
been described [20–23]. The aim of the present study
was the examination of the antioxidant activity of the
R- and S-diasteroisomers of KP-23 using the radical
cation (ABTS+) scavenging activity method.

Materials and Methods

Reagents and solutions

ABTS, 2,2’-azinobis(3-ethylbenzothiazoline-6-sulfonic
acid) diammonium salt and ascorbic acid, lidocaine

hydrochloride (LDC), procaine hydrochloride (PRC),
tetracaine hydrochloride (TTC), and benzocaine (BEC)
were obtained from Sigma-Aldrich Poland. KP-23S
and KP-23R were obtained from Institute of Organic
Chemistry and Biotechnology, Wroc³aw University of
Technology [24]. Trolox (6-hydroxy-2,5,7,8-tetra-
methylchromane-2-carboxylic acid; Sigma-Aldrich
Poland) was used as an antioxidant standard. Trolox
(2.5 mM) was prepared in 96% ethanol for use as
a stock standard. HPLC grade ethanol and potassium
persulfate (di-potassium peroxodisulfate) were pro-
vided by Merck Inc. Poland. All other reagents were
of standard analytical grade.

Apparatus

Experiments were performed on the spectrophotome-
ter model Cary 50 Bio (Varian Ltd., Australia). The
measurements were performed in triplicate at room
temperature. The antioxidant activity was assessed as
described below.

Procedures

Determination of antioxidant activity

The ABTS radical cation (ABTS+) scavenging activ-
ity was measured according to the methods previously
described with some modifications [11, 31, 38]. Briefly,
an ABTS+ solution was prepared by mixing 7 mM
ABTS with 2.45 mM potassium persulfate (final con-
centration) and allowing the mixture to stand in the
dark at room temperature for 12–16 h before use. The
ABTS+ solution was diluted with phosphate buffered
saline (PBS), pH 7.4, to a final absorbance of 0.7 ±
0.05 at 734 nm. Trolox, the water soluble analogue of
vitamin E, was used as a reference standard. A stan-
dard curve was prepared by measuring the reduction
in absorbance of the ABTS+ solution at different con-
centrations of Trolox over a period of 30 s. The con-
centration of investigated compounds KP23-S/R was
used at 1 mM, 2.5 mM, 5 mM, and 10 mM concentra-
tions in several different incubations. The antioxi-
dants were dissolved in ethanol. To measure the anti-
oxidant capacity, 30 µl of different concentrations of
the sample was mixed with 2,000 µl of the radical so-
lution. The amount of ABTS+ scavenged by the anti-
oxidants in the investigated compounds was measured
after a 30 s and 30 min incubation by the degree of de-
colorization as measured spectrophotometrically at
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734 nm. Appropriate solvent blanks were run in each
assay. The results were expressed as Trolox Equiva-
lent Antioxidant Capacity (TEAC) [3, 37]. In our
study, the TEAC value reflects the scavenging capac-
ity of the dose of KP-23 S/R derivatives expressed as
the equivalent concentration of Trolox. Antioxidant
activity is expressed as the percentage of inhibition of
the radical absorbance.

Statistical analysis

The data are expressed as the mean ± SEM. The data
were evaluated by one-way analysis of variance
(ANOVA), followed by Bonferroni’s multiple com-
parison test; p < 0.05 was considered significant.

Results

In the present study, LDC, ascorbic acid, PRC, TTC,
BEC, KP-23S and KP-23R were tested. KP-23S and
KP-23R compounds had effective ABTS+ radical scav-
enging activity in a concentration-dependent manner
(1–10 mM; Fig. 1 and 2). There is a significant de-
crease of 85.3% and 79.9% in the concentration of
ABTS+ due to the scavenging capacity of KP-23S and
KP-23R, respectively (Fig. 2, Tab. 3). The scavenging
effect (%R) of KP-23S and KP-23R and standards on
ABTS+ measured at 30 min was seen as follows,
listed in decreasing order: tetracaine > KP-23S >
KP-23R > procaine > lignocaine > benzocaine (by
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Fig. 1. Percentage of radical inhibition
measured after 30 s of reaction with
different concentrations of KP-23R,
KP-23S and R- and S-propranolol. The
results are expressed in percent of in-
hibition as the mean ± SEM (n = 8). * p
< 0.05, ** p < 0.01, *** p < 0.001 vs.

ABTS with absence of inhibitors in in-
cubation media (Bonferroni test)
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Fig. 2. Percentage of radical inhibition
measured after 30 min of reaction with
different concentrations of KP-23R,
KP-23S and R- and S-propranolol. The
results are expressed in percent of in-
hibition as the mean ± SEM (n = 8). * p
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99.0; 85.3; 79.9; 38.4; 20.7 and 20.2%, respectively,
at a concentration of 10 mM. The TEAC values re-
flect the relative ability of hydrogen or electron-
donating antioxidants in a sample to scavenge the
ABTS+ radical cation compared with that of Trolox.
TEAC is defined as the millimolar concentration of
a Trolox solution whose antioxidant capacity is
equivalent to a 1.0 mM solution of the examined com-
pounds. No pro-oxidant activity was observed for any
substance studied. The ability of a local anesthetic to
function as an antioxidant is directly proportional to
the time of incubation. The results obtained for carane

derivatives and various local anesthetics are summa-
rized in Table 1. Data indicate fast and strong antioxi-
dant properties of KP-23 derivatives. The TEAC val-
ues at 30 s were 0.237 for KP-23S and 0.205 for
KP-23R. At 30 min, the TEAC values were 2.091 for
KP-23S and 0.548 for KP-23R. Calculated IC50 val-
ues also show strong antioxidant properties of the in-
vestigated compounds (Tab. 2). These values are tens
of times better than comparatively used other local
anesthetics. Moreover, monoterpene derivatives were
more effective than propranolol diastereoisomers. The
carane derivatives investigated, in contrast to propra-
nolol diastereoisomers, serve as potent antioxidants as
measured by radical scavenging and reducing activi-
ties. As seen in Figures 3, 4 and Table 3, the antioxi-
dant activities of KP compounds, expressed as % inhi-
bition of ABTS absorbance, are higher than those of
propranolol diastereoisomers.

Discussion

Oxidants play a significant role in causing oxidative
stress, which underlies the pathogenesis of inflamma-
tion and rheumatoid arthritis. The processes associ-
ated with inflammatory responses are complex and
often involve reactive oxygen species. There are
many mediators that initiate and amplify the inflam-
matory response such as histamine, serotonin and
metabolic products of arachidonic acid (thromboxane,
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Tab. 3. Percentage inhibition (%R) of the absorbance of the ABTS�

radical cation measured at 30 s and 30 min (concentration of com-
pounds –10 mM). The data represent the mean ± SD, n = 3–6

Compound %R after 30 s %R after 30 min

KP-23R 44.40 ± 2.82� 79.85 ± 2.25�

KP-23S 31.30 ± 1.74� 85.29 ± 1.14�

Procaine 5.79 ± 0.21� 38.41 ± 0.21�

Tetracaine 67.10 ± 2.33� 99.03 ± 1.94�

Benzocaine 3.47 ± 0.18� 20.18 ± 0.11�

Lignocaine 6.04 ± 0.25� 20.71 ± 0.19�

R-Propranolol 5.57 ± 0.24� 7.29 ± 0.10�

S-Propranolol 4.21 ± 0.07� 4.68 ± 0.16�

The data represent the means ± SD (n = 3–6). Statistical significance
was evaluated using a one-way ANOVA test, � p < 0.001

Tab. 2. Values of IC
��

(mM)

Compound IC��

KP-23R 11.58 ± 0.30�

KP-23S 17.89 ± 0.29�

Procaine 157.80 ± 6.05�

Tetracaine 6.20 ± 0.29�

Benzocaine 347.58 ± 11.62�

Lignocaine 129.05 ± 3.08�

R-Propranolol 280.39 ± 8.35�

S-Propranolol 527.64 ± 35.67�

The data represent the means ± SD (n = 3–6). Statistical significance
was evaluated using a one-way ANOVA test, � p < 0.001

Tab. 1. Trolox equivalent antioxidant capacity (TEAC) of KP-23R,
KP-23S and various local anesthetics

Compound TEAC
(mM) at 30 s

TEAC
(mM) at 30 min

KP-23R 0.205 ± 0.005� 0.548 ± 0.021�

KP-23S 0.237 ± 0.003� 2.091 ± 0.050�

Procaine 0.043 ± 0.002� 0.279 ± 0.005�

Tetracaine 0.446 ± 0.015� 1.557 ± 0.033�

Benzocaine 0.024 ± 0.000� 0.123 ± 0.000�

Lignocaine 0.022 ± 0.000� 0.023 ± 0.001�

R-Propranolol 0.063 ± 0.002� 0.140 ± 0.001�

S-Propranolol 0.058 ± 0.002� 0.085 ± 0.003�

RS-Propranolol 0.033 ± 0.002� 0.070 ± 0.003�

The data represent the mean ± SD (n = 3–6). Statistical significance
was evaluated using a one-way ANOVA test, � p < 0.001



prostaglandins and leukotrienes) [12, 30]. Some
authors report that compounds with anti-oxidative ac-
tivity are responsible for other effects. For example,
terpenes, which exert a relaxing influence on the vas-
cular wall, are antagonists of the platelet-activating
factor and improve blood flow as well as stimulate the
secretion of many neurotransmitters [6, 39].

Our previously conducted pharmacological investi-
gations led to the discovery of strong local anesthetic
activity of the compound KP-23 and its diastereoiso-
mers. The following studies revealed that the R- and
S-diasteroisomers have different activity as a local an-
esthetic as demonstrated by anti-aggregating, anti-
arrhythmic and anti-spasmolytic tests. Additionally,

the influence of KP-23 and its diastereoisomers on the
cyclic AMP generating system, which causes its anti-
inflammatory and analgesic effects, as measured with
the hind paw edema test and Randall’s analgesia and
hot-plate test was described [20–23].

The present study has clearly shown that carane de-
rivatives are effective antioxidants, as demonstrated
via an in vitro antioxidant measurement (total antioxi-
dant activity by ABTS+ scavenging). It should be
mentioned that many authors also showed anti-
oxidative properties of essential oils containing vari-
ous monoterpenes [7, 15, 36]. The high anti-oxidative
activity of these oils is attributed to their high content
of monoterpenes, especially oxygenated ones in the
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Fig. 3. Concentration-dependence of
radical inhibition measured after 30 s
of reaction with different concentra-
tions of KP-23R, KP-23S compounds
and various local anesthetics

Fig. 4. Percentage of radical inhibition
measured after 30 min of reaction with
different concentrations of KP-23R,
KP-23S and various local anesthetics



natural oils [1, 6, 32]. The compounds examined in
the present study contain natural monoterpene struc-
tures that possess both anti-inflammatory [20] and in

vitro antioxidant activities, and this antioxidant activ-
ity may be responsible for the anti-inflammatory ac-
tivity of KP-23 compounds. The local anesthetic, an-
algesic and anti-inflammatory activity of KP-23 com-
pounds is already known [20, 22], but our findings
that they inhibit free radicals extend our knowledge of
this interesting molecule. The mechanism(s) responsi-
ble for the anti-oxidant activity of the carane deriva-
tives of propranolol with strong local anesthetic activ-
ity remain to be elucidated, as does the overall clinical
impact of this property. Given the increasing usage
and documented efficacy of this class of compounds
in analgesic and anti-inflammatory properties, further
study appears to be warranted.

Conclusions

Obviously the pathogenesis of inflammatory states is
initiated by reactive oxygen species (ROS) produc-
tion. Previously, we demonstrated local anesthetic,
analgesic and anti-inflammatory activity of monoter-
pene derivatives. Taken together with the data demon-
strating the antioxidant properties of these compounds
shown here, we propose the hypothesis that antioxi-
dant activity might be responsible for both local anes-
thetic and anti-inflammatory activity.
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