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Abstract:

In clinical practice, using the lowest doses of drugs for anesthesia or analgesia is the main goal. Opioid combinations with local anes-

thetics can be preferable for achieving adequate anesthesia or analgesia. The primary purpose of this study was to examine possible

thermal antinociceptive effects of the opioid –fentanyl and the amide local anesthetics levobupivacaine and lidocaine when locally

administered alone or in combination.

The paw withdrawal latencies to noxious thermal stimuli in rats were measured to assess the antinociceptive actions of drugs after

subcutaneous intraplantar injection into the hind paw.

All drugs examined in this study produced dose- and time-dependent increases in the paw withdrawal latencies. Fentanyl is approxi-

mately 125 and 500 times more potent than levobupivacaine and lidocaine, respectively. At the same dose, the antinociceptive po-

tency of levobupivacaine was 3.6-fold higher than that of lidocaine. Co-injection of the lowest doses of levobupivacaine and

lidocaine dramatically increased the paw withdrawal latency. However, in the presence of fentanyl, the effects of levobupivacaine

and lidocaine were different. Although co-injection of levobupivacaine with fentanyl both enhanced and prolonged antinociceptive

action, the lidocaine-fentanyl combination did not significantly change the paw withdrawal latency.

These results suggest that intraplantar co-administration of fentanyl with levobupivacaine, but not lidocaine, may provide more ef-

fective antinociception without increasing the dose requirements.
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Introduction

Fentanyl, N-(1-phenethyl-4-piperidyl) propionanilide

and its derivatives are very effective in the treatment

of pain [25, 34]. Opioids are usually administered sys-

temically to treat moderate to severe pain [21]. How-

ever, a large number of clinical and animal studies

have demonstrated that opioids, such as fentanyl, can

produce local anesthetic actions by interacting with

peripheral opioid receptors localized at the peripheral

terminals of thinly myelinated and unmyelinated cuta-

neous sensory fibers [12, 31, 36].

Local anesthetics are used for many clinical proce-

dures, such as acute and chronic pain management.

Lidocaine, an amide local anesthetic, has well-

documented effects on nerve signaling [9, 26, 34]. The

nerve signal conduction block of lidocaine is most

likely mediated by its binding to specific receptors on

voltage-gated sodium channels; thus, it has long been

used to temporarily abolish pain in clinical practice

[10, 23].
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Levobupivacaine, an amino amide type of local an-

esthetic similar to lidocaine, is the S-(–) enantiomer of

racemic bupivacaine [4]. Previous clinical and experi-

mental studies have shown that although the pharma-

cological activities of levobupivacaine are similar to

those of bupivacaine, levobupivacaine is less neuro-

toxic and cardiotoxic [4, 11, 15, 20].

From a clinical perspective, an ideal anesthetic

must have low systemic toxicity, be harmless and pro-

vide enough time to perform the clinical procedures.

In clinical practice, using the lowest doses of local an-

esthetics for anesthesia or analgesia is the main goal.

For this purpose, local anesthetics-opioid combina-

tions can be preferable for achieving adequate anes-

thesia or analgesia. Therefore, in the present study, we

hypothesized that a combination of the minimum dose

of local anesthetic with the minimum dose of fentanyl

would potentiate or prolong the local antinociceptive

effectiveness. To test this hypothesis, we examined

the thermal antinociceptive actions of fentanyl and

both levobupivacaine and lidocaine when intraplan-

tarly injected into a rat paw alone or in combination.

Materials and Methods

Animals

The animals used in this study were adult female

Wistar rats (retired breeders, 7–9 months old, weight

230–250 g). Rats were maintained in a climate-

controlled room under a 12-h light/dark cycle (6:00

a.m. to 6:00 p.m.), and food and water were available

ad libitum.

Female rats were used because they are less aggres-

sive than adult male rats, and female rats are easier to

handle during behavioral testing. Females are more

sensitive than males to many pain conditions, and the

majority of pain sufferers are women. However, only

8–10% of animal pain studies are performed with fe-

male animals [7, 17]. Therefore, studying female pain

sensitivity could be important for improving or creat-

ing new approaches for pain management.

This study complied with the Ethical Guidelines of

the International Association for the Study of Pain,

and the experimental protocols were approved by the

Institutional Animal Care and Use Committee of Cu-

kurova University.

Assessment of thermal nociception

The plantar test (Hargreaves method, [18]) is used to

assess the hind paw nociceptive withdrawal latency to

thermal stimuli in a free-moving rat. The nociceptive

response to heat was tested with a commercially

available paw thermal stimulation system as de-

scribed elsewhere [14, 18, 22, 26, 27].

Rats were brought into the colony room two weeks

before the test day and were acclimated to their envi-

ronment for 1–5 days prior to the test. Habituation to

the experimental setup was accomplished by placing

the rats on the thermal nociception test apparatus for

at least 30 min, three times before the test days. On

the testing day, the rats were brought into the test

room 1 h prior to the test session to habituate them to

the environment. Before the drug injections, rats were

acclimated to the testing environment again for

15 min, and pre-treatment values were measured

(2 rats were tested simultaneously). After the habita-

tion- acclimation process, thermal nociception was

determined by measuring paw withdrawal latency us-

ing a thermal stimulation system consisting of a clear

plastic chamber (10 × 20 × 24 cm) that sits on a clear

smooth glass floor, and temperature was maintained

at 25°C. A noxious thermal stimulus was focused on

the plantar aspect of the left or right hind paw until the

animal lifted the paw away from the heat source. Ba-

sal withdrawal latency was determined to reduce the

variability and to select animals that showed a basal

latency between 5 and 7 s. In order to avoid excessive

suffering, a cut-off latency of 25 s was used. The

measurement was taken at 10-min intervals after drug

injections for a total of 60 min.

Drugs and experimental procedures

To test the effects of drugs on the peripheral receptive

fields of sensory neurons, paw withdrawal latencies

were measured after intraplantar injection of drugs for

both the injected ipsilateral (right paw) and non-

injected contralateral paw (left paw) for all experi-

mental groups. The paw withdrawal latencies were

measured in the right hind paw to determine the local

effects of injected drugs, and the paw withdrawal la-

tencies of the contralateral paw were used as an indi-

cator of the systemic effects of drugs.

All chemicals used in experiments were dissolved

in saline (0.9% NaCl), and all doses are expressed in

this study in mg or µg per 100 µl. The control group
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comprised intact, non-injected animals. All drugs

were administered subcutaneously into the plantar

hind paw in a volume of 100 µl using a 30-gauge nee-

dle. The needle was inserted at the midline near the

heel and advanced anteriorly to the base of the second

or third toe, where the drug was injected, forming

a swelling (which disappeared approximately 3–5 min

after injection) that usually extended back to the ini-

tial point of entry. In the saline group, an equal vol-

ume of saline was injected into the animals. All ex-

periments were performed by the same experimenter

during the same time of day (9:00 a.m. to 1:00 p.m., at

22–24°C) to exclude diurnal variations in pharmacol-

ogical effects. The animals were randomly assigned to

treatment groups, and the observer was blind to the

drug administrations.

The doses of the administered drugs were chosen

in accordance with our previous studies [26, 27] and

several pilot studies. Levobupivacaine (0.1, 0.25 and

0.5 mg), lidocaine (0.5 and 1 mg) and fentanyl (1 and

2 µg) were intraplantarly injected into the paws of the

rats. Furthermore, to test the synergistic effects of

levobupivacaine, the lowest dose of levobupivacaine

(0.1 mg) was combined with lidocaine (0.5 mg). To

examine the efficiencies of opioid-local anesthetic

combinations, fentanyl (1 µg) was co-administrated

with levobupivacaine (0.25 mg) or lidocaine (0.5 mg)

in a total volume of 100 µl. For these experiments,

each group comprised eight rats. All efforts were

taken to minimize animal suffering. No signs of skin

inflammation, discoloration or irritation were noted at

the sites of injection with any of the test compounds.

Statistical analysis

In the presented data, each point is an average of eight

animals, and values represent the means ± standard

error of means (SEM). Data were tested for normal

distribution using the Kolmogorov-Smirnov test. Data

were analyzed statistically by one-way or two-way

analysis of variance (ANOVA) using SPSS statistical

software. To evaluate the effects of the drugs, the

thermal withdrawal latencies (dependent variables)

measured during pre-treatment and all of the post-

treatment values were analyzed using one-way, re-

peated measures ANOVA. To evaluate the effective-

ness of the drugs, difference between groups was

tested using a two-way ANOVA (repeated time meas-

urements and treatments as independent variables).

Differences were considered significant at the 95%

confidence level. When significant F values were

noted using an ANOVA, Tukey post-hoc analysis was

performed. Differences were considered statistically

significant when p < 0.05.

Results

The mean paw withdrawal latency obtained from con-

trol group including intact rats was 6.3 ± 0.1 s, and la-

tencies did not significantly change during the experi-

ments. No statistically significant differences were

found among the basal thermal latencies of the experi-

mental groups (p > 0.05). Injection of saline did not

cause any significant changes in latencies compared

with the pre-treatment paw withdrawal latencies (p >

0.05). In addition, paw withdrawal latencies of the

contralateral non-injected paw (6.1 ± 0.1 s) to thermal

stimulation did not significantly change (p > 0.05),

and intraplantar administration of all tested levobupi-

vacaine, lidocaine or their combinations with fentanyl

did not produce antinociception in the contralateral

paw (data not shown).

Antinociceptive effects of fentanyl

Fentanyl caused a significant, dose-dependent increase

in paw withdrawal latency to noxious thermal stimuli.

The changes in thermal latencies induced by saline or
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various doses of fentanyl are shown in Figure 1. One

microgram of fentanyl caused a significant increase in

paw withdrawal latency (10.1 ± 0.8 s) for a short time

(10 min) (Fig. 1). However, 2 µg of fentanyl caused

a significant and longer lasting (30 min) increase in

paw withdrawal latencies when compared to saline or

pre-treatment paw withdrawal latencies (p < 0.05).

Antinociceptive effects of local anesthetics

The changes in paw withdrawal latencies induced by

various doses of levobupivacaine are shown in Figure

2. Levobupivacaine produced a dose-dependent in-

crease on the paw withdrawal latency. While 0.1 mg

of levobupivacaine did not cause a statistically sig-

nificant change in paw withdrawal latency, 0.25 mg

and 0.5 mg of levobupivacaine significantly increased

the latencies for 30 min and 60 min, respectively,

when compared to saline and/or pre-treatment values

(p < 0.05).

The dose-dependent effects of lidocaine on the paw

withdrawal latencies to thermal stimuli are shown in

Figure 3. The administration of 0.5 mg lidocaine

caused a significant but short-term (10 min) antino-

ciceptive effect (p < 0.05). However, a significant and

longer lasting (10.5 ± 0.7 s at 30 min) increase in paw

withdrawal latencies was produced by 1 mg of lido-

caine (p < 0.05).

When the lowest ineffective dose levobupivacaine

(0.1 mg) was added to 0.5 mg lidocaine, paw with-

drawal latencies significantly increased, and antino-

ciceptive action lasted for 30 min (Fig. 3). The antino-

ciceptive effects of this combination were not signifi-

cantly different from that of 1 mg lidocaine (p > 0.05).

Comparison of the antinociceptive actions of

fentanyl and local anesthetics

In Figure 4, the antinociceptive effects of fentanyl,

levobupivacaine and lidocaine 30 min after admini-

stration are compared. Fentanyl was approximately

125 and 500 times more potent than levobupivacaine

and lidocaine, respectively, with 1 µg of fentanyl in-

ducing approximately the same antinociceptive action

as either 0.25 mg of levobupivacaine or 1 mg of lido-

caine. A two-fold increase in both levobupivacaine

and lidocaine dose resulted in an approximate two-

fold increase in paw withdrawal latency. In addition,

a four-fold higher dose of lidocaine (1 mg) was re-

quired to induce the same antinociceptive effect as

0.25 mg of levobupivacaine. When administered at

the same dose (0.5 mg), the antinociceptive potency

of levobupivacaine was 3.6-fold higher than that of

lidocaine.
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Effects of fentanyl on the antinociceptive

effects of local anesthetics

A combination of 1 µg of fentanyl and 0.5 mg of lido-

caine did not significantly change the paw withdrawal

latency when compared to lidocaine alone (p > 0.05)

(Fig. 3). However, co-injection of 0.25 mg of levobu-

pivacaine and 1 µg of fentanyl caused a dramatic in-

crease in paw withdrawal latencies (p < 0.05) (Fig. 2).

In addition, the latencies did not return to the baseline

level in the presence of levobupivacaine-fentanyl

combination for 60 min. Thus, the addition of fen-

tanyl potentiated the antinociceptive action of levobu-

pivacaine by 30–40% at each time point over the

60-min period.

Discussion

Previous studies have reported that the peripheral

endings of sensory nerves have a repertoire of

voltage-sensitive sodium channels similar to those

channels found on the sensory nerves somata in dorsal

root ganglia [1, 33]. The findings presented in this

study also suggest that local administration of fen-

tanyl, levobupivacaine, lidocaine or their combina-

tions to the peripheral endings of sensory nerves can

produce antinociceptive actions without eliciting po-

tentially serious side effects.

Local injection (intraplantar) of agents into the pe-

ripheral receptive field is an administration method

for determining the direct pharmacological actions of

these agents on peripheral nerve endings. Although

the pharmacological actions of agents are rather tran-

sient, their suppressive effects on paw withdrawals

from noxious thermal stimuli are proven by evaluat-

ing their peripheral antinociceptive potencies. In the

present study, plantar tests were used to assess

drug-induced changes in rat hind paw nociceptive

withdrawal latencies. Antinociceptive actions of lo-

cally applied agents on thermal withdrawal latencies

suggested that local administration can be useful in

pain states in which abnormal thermal nociception is

associated with acute tissue injury, such as sun burns,

surgical thermocoagulation and nerve plexus injury.

Nociceptive signals are produced by intense stimu-

lation of primary afferent sensory A� and C nerve fi-

ber terminals by noxious thermal stimuli [28, 31].

Voltage-sensitive sodium channels are present in

these small-size peripheral sensory neurons (known

as nociceptors) and play key roles in membrane excit-

ability. A large number of clinical and experimental

studies have reported that local anesthetics can re-

versibly prevent the generation and propagation of

electrical signals in sensory nerve fibers by blocking

voltage-sensitive sodium channels [24, 34, 35].

Therefore, levobupivacaine and lidocaine, two amide

local anesthetics, are now widely preferred in clinical

practice. These local anesthetics are used by clini-

cians to achieve adequate anesthesia or analgesia at

several sites (e.g., epidural, subarachnoid, brachial

plexus, peripheral nerve) and several situations (e.g.,

local administration, obstetrics and pain treatment)

[10, 15, 16, 23]. Previous studies have suggested that

levobupivacaine is more effective than lidocaine in

the treatment of pain, and levobupivacaine has several

advantages over lidocaine, such as lower arrhythmo-

genic potential, lesser inotropic effect on cardiac mus-

cle and less depressing action on the central nervous

system.

Intraplantar administration of levobupivacaine or

lidocaine achieved dose- and time-dependent antino-
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ciceptive effects in the present study. Levobupiva-

caine-induced antinociception was more effective and

longer than that of lidocaine. When comparing the

doses, a 3.6-fold lower levobupivacaine dose can pro-

duce the same level of antinociception as lidocaine.

Local anesthetics that belong to the amide chemical

class bind directly to intracellular voltage-dependent

sodium channels. Therefore, their lipid solubility is

the most important factor for their anesthetic poten-

cies [11]. Because levobupivacaine has higher lipo-

solubility than lidocaine [15, 23], fewer molecules of

levobupivacaine can easily penetrate the membrane

and produce ion channel blockade, resulting in en-

hanced anesthetic potency.

In addition to these individual effects, adding the

lowest, ineffective, dose of levobupivacaine (0.1 mg) to

lidocaine (0.5 mg) greatly increased the paw withdrawal

latencies. This result suggests a potential synergism be-

tween lidocaine and levobupivacaine. When administer-

ing drug combinations, the dose requirements for effec-

tive local antinociceptive are relatively small; thus, some

of the unwanted side effects associated with high dose

administration can be prevented. The vascular properties

of local anesthetics help to determine the effectiveness

of their therapeutic activity [4, 8]. The high vasocon-

strictor effect of levobupivacaine can enhance the

antinociceptive efficacy of lidocaine.

Opioids are also used as frequently as local anes-

thetics as treatment to manage pain. Opioid receptors

also are present on the peripheral terminals of thinly

myelinated and unmyelinated cutaneous sensory fi-

bers and play an important role in opioid-induced

antinociception [12, 21, 36]. Fentanyl, a clinically

used selective µ-opioid receptor agonist, is used to

treat both acute and chronic pain [25, 34]. A large

number of preclinical and clinical studies have exam-

ined the antinociceptive effects of fentanyl. Consis-

tent with previous studies, our recent paper suggested

that local administration of fentanyl can produce

dose-dependent antinociception (early effect) and hy-

peralgesia (late effect) [26, 30]. Thus, 1 µg fentanyl

was chosen as the proper dose in this study. This fen-

tanyl dose caused only temporary antinociception.

In clinics, to increase the safety of local anesthet-

ics, they can be combined with opioids. A number of

studies have suggested that the intrathecal, intraarticu-

lar or perineural administration of opioids alone or in

combination with low-dose local anesthetics can pro-

vide effective analgesia and reduce some of the un-

wanted side effects [13, 32].

Fentanyl is one of the most commonly used addi-

tives with local anesthetics [3]. Previous clinical and

experimental studies reported that intrathecal admini-

stration of a combination of fentanyl and local anes-

thetics, such as levobupivacaine and bupivacaine,

produces enhanced spinal anesthesia and post-opera-

tive analgesia [5, 6, 20, 37]. These studies suggested

that the combination of fentanyl with a local anes-

thetic could greatly increase the safety of local anes-

thetics because adequate anesthesia could be achieved

using much lower concentrations of local anesthetic.

In contrast, some clinical studies have demonstrated

that in combination with lidocaine, sufentanil does

not affect lidocaine-induced analgesia [2, 19].

In the present study, although fentanyl did not po-

tentiate and prolong the lidocaine-induced antino-

ciception, adding fentanyl to levobupivacaine both

potentiated and prolonged its antinociceptive action.

Fentanyl exhibited an additive effect with only

levobupivacaine. In the presence of fentanyl, a re-

duced levobupivacaine dose can provide more effec-

tive antinociception than lidocaine. Local anesthetics

exert their effect by binding directly to the intracellu-

lar voltage-dependent sodium channels in peripheral

sensory neurons. Lipid solubility appears to the pri-

mary determinant of intrinsic anesthetic potency [11].

Levobupivacaine has high liposolubility, similar to fen-

tanyl, but higher than lidocaine [15, 23]. High lipo-

philic compounds can easily pass through the mem-

brane, so fewer drug molecules are required for block-

age, resulting in enhanced potency. By adding

a lipophilic opioid fentanyl, a lower dose of levobupi-

vacaine improved effective antinociception. This ac-

tion may also be associated with conformational

changes of opioid receptors that promote the binding of

fentanyl. In addition to local anesthetic effects, levobu-

pivacaine may expose opioid receptors to fentanyl.

The different effects of fentanyl in combination

with levobupivacaine or lidocaine can be related to

the local anesthetics’ vasoactive properties. Local an-

esthetics are generally known as vasodilators [38].

However, levobupivacaine intrinsically produces

a mild degree of vasoconstriction [29]. The vasocon-

strictive effect of levobupivacaine may decrease the

rate of local clearance of the intraplantarly injected

drugs and thus may potentiate its effects.

In conclusion, as compared to lidocaine, levobupi-

vacaine is a more potent local anesthetic and has long

lasting antinociceptive action. Fentanyl potentiated

and prolonged only levobupivacaine-induced antino-
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ciception. In clinics, low concentrations of a local an-

esthetic with an acceptable safety profile are prefer-

able. Therefore, a combination of levobupivacaine

with fentanyl may be used for adequate topical anes-

thesia or analgesia with the lowest possible dose re-

quirements.
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