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Background: The aim of this study was to investigate the ability
of local anaesthetics to inhibit reactive oxygen and nitrogen spe-
cies generated by either stimulated human leucocytes or cell-
free systems using luminol chemiluminescence (CL).
Methods: Free radical generation was stimulated in leucocyte
assay by formyl-methionyl-leucyl-phenylalanine (FMLP, 2 mM).
In cell-free experiments, hydrogen peroxide (H2O2) 3.5 mM, so-
dium hypochloride 5 mM, ferrous sulphate (FeSO4) 40 nM, per-
oxynitrite 50 nM and xanthine 0.1 mmol lª1 plus xanthine oxi-
dase 0.25 U mlª1 were used to produce H2O2, hypochlorous acid
(HOCl), hydroxyl radical, peroxynitrite and superoxide-induced
CL, respectively.
Results: Prilocaine inhibited FMLP-induced CL in leucocytes
(94∫1%, at 1 mM), whereas articaine showed an activation
(59∫7%) at high concentration (1 mM) and inhibition (13∫6%)
at low concentration (0.1 mM). In cell-free experiments, prilo-
caine (22∫6%, at 1 mM) and articaine (85∫1%, at 1 mM) caused
concentration-dependent inhibition in xanthine-xanthine oxi-
dase-induced CL. Although articaine had no effect on H2O2-in-
duced CL, prilocaine significantly attenuated the H2O2 signal

THE FORMATION of reactive oxygen species (ROS)
and their metabolites appear to play a significant

role in many pathological states (1). Free radical scav-
engers or antioxidants represent an important compo-
nent of the body defences against such free radical
mediated injury. Administration of a drug possessing
certain antioxidant activity might be ameliorating
since some of the local anaesthetics are known to have
antioxidant properties, impair leucocyte functions and
inhibit lysosomal enzyme release, which might be
clinically important (2–4).

It is well established that inflammatory cells such as
polymorphonuclear leucocytes (PMN) stimulated by a
variety of both soluble and particulate agonists repre-
sent a major source of oxygen radicals and metabolites.
The initial product of oxygen reduction is superoxide,
generated during respiratory burst. Following this su-
peroxide generation, other oxygen metabolites may
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(97∫0.3%, at 1 mM). Prilocaine (99∫0.04%, 1 mM) and articaine
(70∫6%, 1 mM) markedly inhibited HOCl-induced CL, whereas
these drugs had no effect on FeSO4-induced CL. Articaine inhib-
ited peroxynitrite CL (63∫6%, 1 mM), but prilocaine did not
produce any depression on this signal.
Conclusion: Prilocaine interacted with superoxide, HOCl and
H2O2, whereas articaine reacted with superoxide, HOCl, and
peroxynitrite. The direct scavenging properties of these drugs
might be involved in the inhibition observed in leucocyte as-
say and could provide experimental support for investigating
the potential benefit of using these local anaesthetics in pa-
tients presenting pathologies associated with free radical reac-
tions.
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then be formed including hydrogen peroxide (H2O2),
singlet oxygen, hydroxyl radical and hypochlorous
acid (HOCl), the latter being formed by a reaction cata-
lysed by myeloperoxidase released from neutrophil
granules (5, 6). Although prilocaine and articaine are
widely used amide-type local anaesthetics having simi-
lar chemical structure, there is only little information
about the effects of these drugs on leucocyte function.
In one study, prilocaine has been shown to inhibit
chemotaxis in response to formyl-methionyl-leucyl-
phenylalanine (FMLP) (3). Since there is also no infor-
mation on the direct interaction of prilocaine and art-
icaine with free radicals and reactive metabolites, we
tested the hypothesis that both prilocaine and articaine
might produce similar effects on leucocyte- and reac-
tive oxygen species-induced chemiluminescence (CL).
Therefore, we investigated the ability of prilocaine and
articaine to interact with ROS generated by either
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stimulated human leucocytes or cell-free systems via
CL produced either chemically or enzymatically.

Materials and methods

CL generated from human leucocytes
Isolation and separation of leucocytes
Human venous blood was obtained from 20 healthy
non-smoking volunteers (9 female, 11 male between
25 and 55 years) after obtaining their informed con-
sent. Leucocytes were isolated according to methods
described previously (7, 8). Following collection of 9
ml of blood into tubes containing 3.8% sodium citrate
(1 ml), dextran was added and allowed for sedimen-
tation at room temperature for 60 min. The leucocyte-
rich supernatant was removed and centrifuged at 900
r.p.m. for 20 min. Erythrocyte lysis was performed by
washing cells with 0.2% NaCl for 30 s and mixing im-
mediately with double volume of 1.6% NaCl. Then,
leucocytes were centrifuged at 900 r.p.m. for 15 min
and the pellet was resuspended in Hank’s buffered
salt solution (HBSS) containing 1 mM calcium (pHΩ
7.4). Leucocytes were washed with HBSS three times.
After leucocyte count in a cell counter (Contraves, Di-
gicell 300, Zurich, Switzerland), cell yield was ad-
justed to 107 cells mlª1 (stock cell suspension) by
adding HBSS. Cell viability was assessed by a trypan
blue exclusion test and more than 98% of the cells
were found to be viable leucocytes (nΩ6).

FMLP-induced CL from human leucocytes
Stock leucocyte cell suspension (0.1 ml) was diluted
with HBSS in a cuvette (total volume of 1 ml) and 20
ml luminol (50 mM; final cuvette concentration) was
added, producing a final cell yield of 106 cells mlª1.

Then a stimulant, FMLP, was added to yield a final
cuvette concentration of 2 mM. Luminol-CL was meas-
ured at 37æC using a chemiluminometer (Bio-Orbit
1250 Luminometer, Turku, Finland). The produced CL
was measured continuously and recorded on a com-
puter by using the Luminometer 1250 programme
(version 1.12, BioOrbit) for 10 min (7, 8).

CL generated in cell-free systems
Xanthine-xanthine oxidase-induced CL
In order to characterize xanthine-xanthine oxidase-in-
duced CL, 0.9 ml of phosphate-buffered saline (PBS:
KH2PO4 10 mM and NaCl 150 mM, pH 7.4) were
mixed with luminol 0.1 ml (250 mM, final cuvette con-
centration) in a cuvette. After further addition of 10 ml
of xanthine (0.1 mM), 25 ml of xanthine oxidase (0.25 U
mlª1) was injected into the cuvette, and the produced
CL was measured continuously for 5 min (8).
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H2O2-induced CL
H2O2 (3.5 mM) was injected into the PBS and luminol
(250 mM) mixture, and generated CL at 37æC was
measured continuously for 10 min (7).

HOCl-induced CL
HOCl was prepared as described by Vissers and col-
leagues (9). NaOCl was diluted with PBS and the pH
of the solution readjusted to 7.4 immediately before
the addition to the CL cuvette. At this pH, the solu-
tion contains approximately 1:1 HOCl and OClª and
is subsequently referred to as HOCl. HOCl (5 mM)
was injected into the PBS and luminol (250 mM) mix-
ture to induce CL, which was measured continuously
for 3 min as described previously (7, 8).

Ferrous iron-induced CL
Hydroxyl radical was generated by addition of fer-
rous iron into the buffer solution as described by
Yıldız and Demiryürek (10). Freshly prepared FeSO4

(40 nM) was added to the PBS plus luminol (250 mM)
mixture and CL was recorded continuously for 3 min.

Peroxynitrite synthesis and CL
Peroxynitrite was prepared using a quenched flow re-
action as previously described (11). Briefly, an aque-
ous solution of 0.6 M sodium nitrite was rapidly
mixed with an equal volume of 0.6 M H2O2 contain-
ing 0.7 M HCl and immediately quenched with the
same volume of 1.2 M NaOH. All reactions were per-
formed on ice. Excess H2O2 was removed by adding
mangenese dioxide (MnO2) powder to the peroxyni-
trite solution. The mixture was shaken for 5 min and
then MnO2 was removed by passage over a cellulose
acetate disposable filter. The solution was used freshly
or frozen at ª20æC for as long as a week. The final
concentration of peroxynitrite was determined spec-
trophotometrically in 1.2 M NaOH (ä302Ω1670 Mª1

cmª1). Dilutions of this peroxynitrite stock solution
were made in 1.2 M NaOH with the final dilution in
0.1 M NaOH before use. Luminol CL were measured
at 37æC as described previously (12). PBS was mixed
with luminol (250 mM) in a cuvette. After adding cata-
lase (50 U mlª1) into the cuvette to remove H2O2 left
after MnO2 treatment, peroxynitrite at 20 nM was in-
jected and the CL produced was measured continu-
ously and recorded for 3 min.

Experimental protocol
The effects of various concentrations of prilocaine and
articaine were examined by adding them into the mix-
ture immediately prior to the stimulant administra-
tion. Duplicate assays were performed in all experi-
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Fig. 1. The concentration-dependent inhibitory effects of prilocaine
(nΩ3–7) and articaine (nΩ5–6) on FMLP (2 mM) induced luminol
chemiluminescence. Data are shown as mean∫SEM. *P,0.05 signifi-
cantly less than its control value.

ments. Results were calculated as peak CL or percent
of the peak CL and expressed as mean∫SEM. n refers
to the number of individual volunteers (for leucocyte
experiments) and number of experiments (for cell-free
assays).

Statistical analysis
Analysis of variance (ANOVA) was used to assess the
observed differences in the CL among the concen-
trations. Student-Newman-Keul’s test was used in
cases of detecting significant differences by ANOVA.
Differences were considered to be statistically signifi-
cant when the P value was less than 0.05.

Drugs
Prilocaine (Citanest 2%, Eczacıbaşı, İstanbul, Turkey)
and articaine (Ultracaine 2%, Hoechst, İstanbul, Tur-
key) (both preparations not mixed with epinephrine
or any other drug) were diluted with PBS. Luminol
was prepared daily in 2 M NaOH (2.5%) and diluted
with PBS before use. Luminol sodium, ferrous sul-
phate heptahydrate, catalase (from bovine liver), so-
dium hypochlorite, FMLP, xanthine (sodium salt) and
xanthine oxidase (grade I, from butter milk) were pur-
chased from Sigma chemical Company (St. Louis,
MO, U.S.A.). H2O2 was purchased from Merck (Darm-
stadt, Germany).

Results

Effects of prilocaine and articaine on luminol-CL
in the isolated human leucocytes
FMLP (2 mM) produced 4079∫978 mV (nΩ20) CL sig-
nal in the leucocyte assay. Prilocaine produced a con-
centration-dependent inhibition in the FMLP-stimu-
lated leucocytes CL and the most marked inhibition
was observed at 1 mM (94∫1%, nΩ5) as shown in Fig.
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1. Although articaine produced a significant acti-
vation in the leucocyte assay at 1 mM (59∫7%, nΩ
6), an inhibition (13∫6%, nΩ5) was observed at low
concentration (0.1 mM).

Effects of prilocaine and articaine on luminol-CL
in the cell-free systems
Concentrations of 0.25 U mlª1, 3.5 mM, 5 mM, 40 nM,
and 50 nM were selected for xanthine oxidase, H2O2,
HOCl, FeSO4, and peroxynitrite, respectively and gen-

Fig. 2. The concentration-dependent inhibitory effects of prilocaine
(nΩ6) and articaine (nΩ4–6) in cell-free systems on xanthine-xan-
thine oxidase-induced luminol chemiluminescence (A), effects of prilo-
caine (nΩ4–9) and articaine (nΩ3) on H2O2-induced luminol chemi-
luminescence (B), and effects of prilocaine (nΩ6–8) and articaine (nΩ
3–6) on hypochlorous acid-induced chemiluminescence (C). Data are
shown as mean∫SEM. *P,0.05 significantly less than its control
value.
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erated CL peaks 2500∫244 mV (nΩ56), 3641∫444 mV
(nΩ61), 4711∫164 mV (nΩ72), 5308∫256 mV (nΩ32),
and 3969∫514 mV (nΩ76), were found to be compar-
able with that produced by FMLP in leucocyte experi-
ments.

Prilocaine (1 mM–1 mM) and articaine (0.1 mM–1
mM) caused a concentration-dependent inhibition in
the xanthine-xanthine oxidase-induced luminol CL.
There were 22∫6% (nΩ6) and 85∫1% (nΩ6) sup-
pression by prilocaine and articaine at 1 mM, respec-
tively (Fig. 2A). Prilocaine significantly inhibited
H2O2-induced CL in a concentration-dependent man-
ner (97∫0.3%, nΩ7, at 1 mM) (Fig. 2B), whereas art-
icaine had no effect on this signal. HOCl-induced lu-
minol CL was also attenuated by prilocaine (0.01 mM–
1 mM) and articaine (1 mM–1 mM) in a concentration-
dependent manner (Fig. 2C). In the presence of prilo-
caine, there was almost complete inhibition at 1 mM
(99∫0.04%, nΩ6). Articaine at 1 mM produced 70∫6%
(nΩ7) inhibition (Fig. 2C). Articaine, but not prilo-
caine, produced a significant depression on peroxy-
nitrite-induced luminol CL. This inhibition was
marked at high (63∫6%, nΩ8, 1 mM), but not low
concentration (9∫6%, nΩ8, 0.1 mM). There was also
no significant inhibition on ferrous iron-induced lumi-
nol CL either by prilocaine (1∫4%, nΩ6, 1 mM) or by
articaine (6∫3%, nΩ6, 1 mM).

Discussion

In the present study, we demonstrated that prilocaine
suppressed respiratory burst of leucocytes in a con-
centration-dependent manner. This is in agreement
with the observation showing that prilocaine caused
an inhibition in leucocyte superoxide anion produc-
tion induced by FMLP or phorbol myristate acetate
(3). Although superoxide generation was measured
by the reduction of ferricytochrome c in that study,
inhibition by prilocaine was observed at concen-
trations ranging from 1 mM to 10 mM (3). The maxi-
mum plasma concentration of prilocaine during intra-
venous regional anaesthesia has been reported to be
4.4 mg mlª1 (2¿10ª5 M) (13). Our results showed that
prilocaine significantly depressed FMLP-stimulated
leucocyte chemiluminescence. Human neutrophils
stimulated by phorbol ester and incubated with prilo-
caine and a Cypridina luciferin analogue as a superox-
ide-specific chemiluminescence probe in another
study (14) and prilocaine has been shown to suppress
superoxide generation in a concentration-dependent
manner.

Articaine is one of the most widely used local an-
aesthetic agents in dentistry. The amide structure of
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articaine is similar to that of other local anaesthetics,
but it contains an additional ester group which is
quickly hydrolysed by esterases. The mean maximum
plasma drug concentration after submucosal injection
in dentistry is about 580 mg lª1 (2¿10ª6 M) for arti-
caine without epinephrine (15). The concentration of
articaine in the alveolus of a tooth in the upper jaw
after extraction has been reported to be about 100
times higher (2¿10ª4 M) than that in systemic circula-
tion (15). In our experiment, articaine showed an acti-
vation at high concentration. The reason for this acti-
vation in the presence of articaine or the mechanism
for the inhibition of the leucocyte CL by prilocaine or
articaine are unknown, since they are not examined
in the present study. But they may be related to the
direct interaction with the cell components, as ob-
served only in the leucocyte assay. However, it ap-
pears that luminol is not involved in this activation
since high concentration of articaine did not induce
any effect in ferrous iron-induced CL and in other
cell-free experiments. It has been reported that local
anaesthetics can cause an inhibition of the phos-
phorylation of cytoplasmic protein, which is essential
for the activation of NADPH oxidase in neutrophils
by protein kinase C (16), produce an impairment of
the myeloperoxidase enzyme release after stimulation
in human neutrophils (17), or suppress the functions
of cells by inhibition of phospholipase D activation
(18). Therefore, in addition to the direct interactions,
these effects are likely to be involved in the inhibitory
effects of prilocaine and articaine in leucocyte assay.

To our knowledge, this is the first study reporting
the interaction of prilocaine or articaine with ROS and
their metabolites. In the cell-free experiments, prilo-
caine and articaine reacted with HOCl and superoxide
in a concentration-dependent manner. However, in-
teraction with superoxide was marked at high concen-
trations of prilocaine. Our results provide the first ex-
perimental evidence that prilocaine and articaine are
potent scavengers of HOCl. H2O2-induced luminol
CL was markedly inhibited by prilocaine, but arti-
caine had no scavenging activity in these experiments.
Our results showed that articaine was able to scav-
enge peroxynitrite at high concentration. This is also
the first experiment demonstrating that articaine can
interact with peroxynitrite. However, prilocaine and
articaine failed to inhibit ferrous iron-induced CL, in-
dicating that these drugs have no scavenging activity
against hydroxyl radical. These results might contrib-
ute to the development of new molecules possessing
antioxidant activities in accordance with the chemical
structure of the local anaesthetics.

In conclusion, these results suggested that prilo-
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caine and articaine are capable of interacting directly
with the reactive oxygen and nitrogen species and
their metabolites, except hydroxyl radical. Our results
indicated that articaine has no marked effect on leuco-
cytes at therapeutic plasma concentrations. These di-
rect interactions of prilocaine with free radicals might
explain the inhibition observed in the leucocyte assay
at high concentrations that may be reached at or near
the site of injection in local anaesthetic use. Our re-
sults provide experimental support for investigating
the potential benefit of using prilocaine or articaine as
a local anaesthetic agent in patients presenting patho-
logies associated with free radicals.
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References

1. Halliwell B, Gutteridge JMC, Cross CE. Free radicals antioxi-
dants, and human disease: Where are we now? Lab Clin Med
1992: 119: 598–620.

2. Maxwell SRJ. Prospects for the use of antioxidant therapies.
Drugs 1995: 49: 345–361.

3. Sasagawa S. Inhibitory effects of local anaesthetics on mi-
gration, extracellular release of lysosomal enzyme, and su-
peroxide anion production in human polymorphonuclear
leucocytes. Immunopharmacol Immunotoxicol 1991: 13: 607–
622.

4. Kang MY, Tsuchiya M, Packer L, Manabe M. In vitro study
on antioxidant properties of various drugs used in the peri-
operative period. Acta Anaesthesiol Scand 1998: 42: 4–12.

5. Halliwell B, Gutteridge JMC. Free Radicals in Biology and
Medicine, 2nd edn. Oxford: Clarendon Press, 1989.

6. Reilly PM, Schiller HC, Bulkley GB. Pharmacological ap-
proach to tissue injury mediated by free radicals and other
reactive oxygen metabolites. Am J Surg 1991: 161: 488–503.

7. Yıldız G, Demiryürek AT, Erdemli IS, Kanzik I. Comparison

745

of antioxidant activities of amino guanidine, methylguani-
dine and guanidine by luminol-enhanced chemilumi-
nescence. Br J Pharmacol 1998: 124: 905–910.

8. Demiryürek AT, Cinel I, Kahraman S, Tecder-Unal M, Gögüs
N, Aypar U et al. Propofol and intralipid interact with reac-
tive oxygen species: a chemiluminescence study. Br J Anaesth
1998: 80: 649–654.

9. Vissers M, Stern A, Kuypers A, Vandenberg J, Winterburn
C. Membrane changes associated with lysis of red blood
cells by hypochlorous acid. Free Rad Biol Med 1994: 16: 703–
712.

10. Yıldız G, Demiryürek AT. Ferrous iron induced luminol
chemiluminescence: A method for hydroxyl radical study. J
Pharmacol Toxicol Methods 1998: 39: 179–184.

11. Beckman JS, Chen J, Ischiropoulos H, Crow JP. Oxidative
chemistry of peroxynitrite. Methods Enzymol 1994: 233: 229–
240.

12. Kahraman, S, Demiryürek, AT. Propofol is a peroxynitrite
scavenger. Anesth Analg 1997: 84: 1127–1129.

13. Simon MAM, Gielen MJM, Alberink N, Vree TB, van Eg-
mond J. Intravenous regional anesthesia with 0.5% articaine,
0.5% lidocaine, or 0.5% prilocaine. A double-blind ran-
domized clinical study. Reg Anesth 1997: 22: 29–34.

14. Hattori M, Dohi S, Nozaki M, Niwa M, Shimonaka H. The
inhibitory effects of local anesthetics on superoxide gener-
ation of neutrophils correlate with their partition coef-
ficients. Anesth Analg 1997: 84: 405–412.

15. Oertel R, Rahn R, Kirch W. Clinical pharmacokinetics of ar-
ticaine. Clin Pharmacokinet 1997: 33: 417–425.

16. Tomoda MK, Tsuchiya M, Ueda W, Hirakawa M, Utsumi K.
Lidocaine inhibits stimulation coupled responses of neutro-
phils and protein kinase C activity. Physiol Chem Med NMR
1990: 22: 199–210.

17. Peck SL, Johnston RB, Horwitz LD. Reduced neutrophil su-
peroxide anion release after prolonged infusions of lido-
caine. J Pharmacol Exp Ther 1985: 235: 418–422.

18. Tan Z, Dohi S, Ohguchi K, Nakashima S, Banno Y, Ono Y et
al. Effects of local anesthetics on phospholipase D activity
in differentiated human promyelocytic leukemic HL60 cells.
Biochem Pharmacol 1999: 58: 1881–1889.

Address
Dr. A. Tuncay Demiryürek
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