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a b s t r a c t

The aim of the study was to evaluate co-administration of clonidine with oxybuprocaine (ester type),
bupivacaine (amide type) or dextrorphan (non-ester or non-amide type) and to see whether it could
have a peripheral action in enhancing local anesthesia on infiltrative cutaneous analgesia in rats. Cuta-
neous analgesia was evaluated by a block of the cutaneous trunci muscle reflex (CTMR) in response to
local dorsal cutaneous noxious pinprick in rats. The analgesic effect of the addition of clonidine with
oxybuprocaine, bupivacaine or dextrorphan by subcutaneous injection was evaluated. On an ED50 basis,
the rank of drug potency was oxybuprocaine > bupivacaine > dextrorphan (P < 0.01). Mixtures of cloni-
dine (0.12 �mol) with oxybuprocaine, bupivacaine or dextrorphan (ED50 or ED95) extended the duration
of action and increased the potency on infiltrative cutaneous analgesia. Among these drugs, the addi-
nfiltrative cutaneous analgesia tion of clonidine to bupivacaine (amide type) elicits the most effective cutaneous analgesia. Clonidine
at the dose of 0.12 and 0.24 �mol did not produce cutaneous analgesia. Oxybuprocaine showed more
potent cutaneous analgesia than bupivacaine or dextrorphan in rats. Co-administration of oxybuprocaine,
bupivacaine or dextrorphan with clonidine increased the potency and duration on infiltrative cutaneous
analgesia. The addition of clonidine to bupivacaine (amide type) elicits more effective cutaneous analgesia
than oxybuprocaine (ester type) or dextrorphan (non-ester or non-amide type).
xybuprocaine (benoxinate), an ester type local anesthetic, pro-
uces the dose-related cutaneous analgesia [16] and spinal
nesthesia [17]. In a previous study we have shown that systemic
oxicity following intravenous oxybuprocaine and proxymetacaine
ccurred later compared to equipotent doses of bupivacaine, an
mide-linkage local anesthetic [16]. Dextrorphan, a non-ester or
on-amide type local anesthetic, has a local anesthetic effect on

nfiltrative cutaneous analgesia [7], spinal or sciatic nerve block-
des [4,15]. In addition, intravenous equipotent analgesic dose of
extrorphan is better tolerated to elicit cardiovascular and central
ervous system toxicity than bupivacaine [8]. Furthermore, oxy-

uprocaine or dextrorphan showed a long-acting local anesthetic
ffect similar to that provided by bupivacaine [4,17].

∗ Corresponding author. Tel.: +886 6 2353535x5939; fax: +886 6 2370411.
E-mail address: chhung@mail.ncku.edu.tw (C.-H. Hung).
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Clonidine is a frequently used adjuvant to local anesthetics.
The analgesic effects of clonidine when administered epidu-
rally or intrathecally have been showed and are due to its
�2-adrenoreceptor properties [10,11]. The benefit of clonidine
when added to local anesthetics for peripheral nerve blockades is
less clear, although it is widely believed that clonidine decreases
postoperative analgesic requirement or improves the quality and
duration of local anesthetic blockade [22]. Several experiments
are focused on the benefit of clonidine added to amino-amide
local anesthetic for nerve blocks [22]. The aim of the study was to
evaluate co-administration of clonidine with oxybuprocaine, bupi-
vacaine or dextrorphan on infiltrative cutaneous analgesia and to
see whether it could have a peripheral action in enhancing the
quality and duration of local anesthesia after a single subcutaneous

injection.

Two hundred and sixteen male Sprague–Dawley rats weight-
ing 200–250 g were obtained from the National Laboratory Animal
Centre (Taipei, Taiwan), and housed in a climate controlled room,

dx.doi.org/10.1016/j.neulet.2011.04.021
http://www.sciencedirect.com/science/journal/03043940
http://www.elsevier.com/locate/neulet
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Table 1
The 50% effective doses (ED50s) and ED95s of drugs on infiltrative cutaneous
analgesia.

Drug ED50s (95% CI) ED95s (95% CI)

Oxybuprocaine 0.23 (0.19–0.28) 1.29 (1.23–1.39)
Bupivacaine 0.66 (0.55–0.78) 1.97 (1.88–2.09)
Dextrorphan 2.47 (2.03–3.00) 8.45 (8.33–8.68)

ED50s and ED95s of drugs (�mol) were obtained from Fig. 1. CI = confidence inter-
Y.-W. Chen et al. / Neurosci

ith food and water available ad libitum up to time of testing. The
limate-controlled room was maintained at 22 ◦C with approxi-
ately 50% relative humidity on a 12-h light/dark cycle (6:00 a.m.

o 6:00 p.m.). The experimental protocols were approved by the
nstitutional Animal Care and Use Committee (IACUC) of China

edical University, Taichung, Taiwan and conformed to the rec-
mmendations and policies of the International Association for the
tudy of Pain (IASP).

Benoxinate (oxybuprocaine) HCl, bupivacaine HCl, dextrorphan
artrate, and clonidine HCl were purchased from Sigma–Aldrich
hemical Co. (St. Louis, MO, USA). All drugs were dissolved in 0.9%
aCl.

Three experiments were performed. In experiment 1, the time
ourse of oxybuprocaine (1.20, 0.60, 0.15, 0.03 �mol), bupiva-
aine (1.80, 0.45, 0.30, 0.23 �mol), dextrorphan (9.00, 6.00, 3.00,
.60 �mol), and clonidine (0.24, 0.12 �mol) on infiltrative cuta-
eous analgesia was evaluated (n = 8 rats for each dose of each
rug). In experiment 2, the %MPE (percent of maximum possi-
le effect), duration, and area under curves (AUCs) of drug (ED50
r ED95) or co-administration of drug (ED50 or ED95) and cloni-
ine (0.12 �mol) were tested on infiltrative cutaneous analgesia
n = 8 rats for each dose of each drug). In experiment 3, after the
bove experiments, one control group was performed to rule out
he possibility of systemic effect of drugs on infiltrative cutaneous
nalgesia. Animals (n = 8 rats for each dose of each drug) received
ubcutaneous injection (the region of rats’ thigh) of testing drug
oxybuprocaine, bupivacaine or dextrorphan) at a dose of 2× ED95
r clonidine at a dose of 0.24 �mol.

On the day before the subcutaneous injection, the hair on the
ats’ dorsal surface of the thoracolumbar region (10 cm × 6 cm) was
echanically shaved. The subcutaneous injection of drug was per-

ormed as reported previously [6,16]. In brief, drug dissolved in
.6 mL was injected subcutaneously using a 30-gauge needle in
nanesthetized rats at the dorsal surface of the thoracolumbar
egion. After subcutaneous injection, a circular elevation of the
kin, a wheal, approximately 2 cm in diameter occurred. The wheal
as marked with ink within 1 min after subcutaneous injection.

or consistency, one experienced investigator (Dr. Chen Y.W.) who
as blinded to the drugs injected was responsible for assessing the

utaneous analgesic effect.
Animals were handled daily up to 7 days to minimize the

tress on the rats during the experiment and generally improve
heir experimental performance before the experiment. Cutaneous
nalgesia was evaluated by the cutaneous trunci muscle reflex
CTMR), characterized by the reflex movement of the skin over
he back produced by twitches of the lateral thoracospinal mus-
le in response to local dorsal cutaneous stimulation after drug
njections [6,16]. A Von Frey filament (No.15; Somedic Sales AB,
tockholm, Sweden), to which the cut end of an 18-gauge nee-
le was affixed, was used to produce the standardized nociceptive
timulus (19 ± 1 g). After observing an animal normal reaction to
inpricks applied outside the wheal and on the contralateral side,
e applied six pinpricks with a frequency of 1 Hz inside the wheal

nd scored the number to which the rat failed to react. Cuta-
eous analgesic effect of each drug was assessed quantitatively
s the number of times the pinprick failed to elicit a response,
ith, for example, the complete absence of six responses was
efined as complete nociceptive block (100% of possible effect;
00% PE).

The test of six pinpricks was applied at 0, 2 and 5 min after
njection, every 5 min after injection for the first 30 min after-

ards, then again every 10 min after injection for 30–60 min, and

very 15–30 min thereafter until the CTMR fully recovered from the
lock. During the test, the maximum blockade in a time course of
utaneous analgesia of the drug was described as the %MPE. The
uration of action was defined as the time from drug injection (i.e.,
val. Potencies of drugs (ED50s) were oxybuprocaine > bupivacaine > dextrorphan
(P < 0.01, for each comparison) using one-way ANOVA followed by pairwise Tukey’s
HSD test.

time = 0) to full recovery of CTMR (no analgesic effect or 0% MPE)
[6,16].

After subcutaneously injecting the rats with four doses of each
drug (n = 8 for each dose of each drug), dose–response curves were
obtained by the %MPE for each dose of each drug. The value of 50%
or 95% effective dose (ED50 or ED95), defined as the dose that caused
50% or 95% cutaneous analgesic effect, respectively, was obtained
by a SAS NLIN analysis (SAS Institute Inc., Carey, NC) [5,19].

Data are presented as mean ± SD (range) or ED50 and ED95 values
with 95% confidence interval (95% CI). Data were analyzed by the
Student’s t-test or one-way analysis of variance (ANOVA) followed
by pairwise Tukey’s honest significance difference (HSD) test. A sta-
tistical software, SPSS for Windows (version 17.0, SPSS Inc., Chicago,
IL, USA), was used, and a P value less than 0.05 was considered
statistically significant.

Subcutaneous injections of oxybuprocaine, bupivacaine, and
dextrorphan produced dose-dependent cutaneous analgesia in rats
(Fig. 1; [8,16]). Clonidine alone at the doses of 0.12 and 0.24 �mol
(data not shown) showed no cutaneous analgesia. The ED50s and
ED95s of drugs constructed from Fig. 1 were demonstrated in
Table 1. On an ED50 basis, the rank of drug potency was oxybupro-
caine > bupivacaine > dextrorphan (Table 1).

When drugs at the dose of ED50 were co-injected with cloni-
dine (0.12 �mol), complete sensory blockade (100% MPE) in the
oxybuprocaine (8 of 8 rats) or bupivacaine (8 of 8 rats) group
occurred, but not in the dextrorphan (5 of 8 rats) group (Fig. 2
and Table 2). Subcutaneous injection of clonidine alone at the dose
of 0.12 �mol showed no cutaneous analgesia (Fig. 2). Compared
with drugs at the dose of ED50 alone, drugs (ED50) co-injected with
0.12 �mol clonidine, the AUCs were increased in the oxybupro-
caine, bupivacaine, and dextrorphan groups (P < 0.05). The %MPE,
duration and AUCs of drugs at the dose of ED50 with clonidine were
greater (P < 0.05) than drugs (ED50) without clonidine in Table 2.
The rank in intensifying complete block time, full recovery time,
and AUCs of the co-administration of drug (ED50) and clonidine
was bupivacaine = ocybuprocaine > dextrorphan (Table 2; P < 0.05)
when compared with drug (ED50) alone.

At the dose of ED95, oxybuprocaine, bupivacaine, and dextror-
phan elicited 92%, 90%, and 88% sensory blockade, respectively,
in Fig. 2 and Table 3. Subcutaneous injection of clonidine alone
at the dose of 0.12 �mol demonstrated no cutaneous analge-
sia (Fig. 2). After drugs at the dose of ED95 were co-injected
with clonidine (0.12 �mol), oxybuprocaine, bupivacaine, and dex-
trorphan caused 100%, 100%, and 100% sensory blockade (100%
MPE), respectively (Fig. 2 and Table 3). The %MPE, duration and
AUCs of drugs at the dose of ED95 with clonidine were greater
(P < 0.05) than drugs (ED95) without clonidine in Table 3. The rank
in increasing complete block time, full recovery time, and AUCs
of the co-administration of drug (ED95) and clonidine was bupiva-
caine > ocybuprocaine > dextrorphan (Table 3; P < 0.05).
Neither the thigh subcutaneous injection of clonidine
(0.24 �mol) nor thigh subcutaneous injections of oxybuprocaine,
bupivacaine, and dextrorphan (2ED95) demonstrated cutaneous
analgesia, loss of motor activity or sedation (data not shown). All



188 Y.-W. Chen et al. / Neuroscience Letters 496 (2011) 186–190

F trorph
e

r
d

w
s
b
d
t

t
c
c

T
T

P
(
c
b

ig. 1. Time courses of cutaneous analgesia of oxybuprocaine, bupivacaine, and dex
xpressed as mean ± SD; n = 8 rats for each dose of each drug.

ats recovered completely after each subcutaneous injection of
rug.

In this report we showed for the first time that oxybuprocaine
as a more potent local anesthetic on infiltrative cutaneous analge-

ia than dextrorphan. Clonidine dramatically improves the sensory
locking effect and duration of oxybuprocaine, bupivacaine, and
extrorphan. The benefit rank of adding clonidine to local anes-
hetics is bupivacaine > oxybuprocaine > dextrorphan.
The clinical relevance of this prolonged sensory blockade,
hough useful in certain situations, may be limited overall, when
onsidering the higher incidence of motor blockade caused by
lonidine [9]. Hypotension may be an important problem when

able 2
he %MPE, duration, and AUCs of drug (ED50) or co-administration of drug (ED50) and clo

%MPE

Complete blockade tim

Drug (ED50)
Oxybuprocaine 50 ± 9 NEVER
Bupivacaine 52 ± 11 NEVER
Dextrorphan 50 ± 13 NEVER

Drug (ED50) + clonidine
Oxybuprocaine 100 ± 0a 40.5 ± 6.5b

Bupivacaine 100 ± 0a 46.3 ± 7.4b

Dextrorphan 93 ± 9a 2.1 ± 2.7

Clonidine alone 0 NEVER

ercent of maximum possible effect (%MPE), duration of action, area under curves (AUC
n = 8 in all groups) on infiltrative cutaneous analgesia (mean ± SD). NEVER: the complet
ompared with the co-administration of drug and clonidine using a student’s t test. The
upivacaine using one-way ANOVA followed by pairwise Tukey’s HSD test. Clonidine was
an on infiltrative cutaneous analgesia (four doses in each group) in rats. Values are

using clonidine as adjuvant in neuraxial anesthesia or in pain reg-
imens [2,9]. Motor blockade following central neuraxial block and
sedative effects of clonidine should be limited. Given these dose-
limiting central side effects, clonidine may be beneficial to apply
peripherally. In addition, both scientific and clinical studies have
also provided evidence for the mechanism of action of clonidine as a
local anesthetic additive, as well as suggesting local anesthetic-like
properties of clonidine itself [3,13]. Therefore, this study evaluated

the adding clonidine to local anesthetics on infiltrative cutaneous
analgesia in rats. We found that co-administration of clonidine
(0.12 �mol) with oxybuprocaine, bupivacaine or dextrorphan pro-
longed duration of action and enhanced cutaneous analgesia. Our

nidine (0.12 �mol).

Duration (min) AUCs (%MPE × min)

e Full recovery time

31 ± 6 926 ± 242
41 ± 11 1035 ± 464
37 ± 9 916 ± 361

118 ± 12ab 7101 ± 561ab

128 ± 20ab 8484 ± 606ab

97 ± 8a 4821 ± 590a

0 0

s) for drug (ED50) or co-administration of drug (ED50) and clonidine at 0.12 �mol
e blockade was never obtained. The symbol (a) indicates P < 0.05 when drug alone
symbol (b) indicates P < 0.05 when dextrorphan compared with oxybuprocaine or
at the dose of 0.12 �mol.
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ig. 2. The addition of clonidine (CL) with oxybuprocaine, bupivacaine or dextrorph
.12 �mol and produced no cutaneous analgesia. Values are expressed as mean ± SD
espectively.

ata agree with those results, which showed that clonidine has a
ignificant peripheral action in enhancing local anesthetic duration
n subcutaneous co-infiltration with lidocaine [23].

In this study, cutaneous analgesia (AUC) of co-administration of
rug (oxybuprocaine, bupivacaine and dextrorphan) at the dose
f ED95 and clonidine (0.12 �mol) was approximately 3.7-, 4.2-
and 2.9-folds greater than drug alone, respectively. Our results

lso demonstrated that clonidine as an adjuvant for oxybuprocaine,
upivacaine, and dextrorphan increased the potency of drug on

nfiltrative cutaneous analgesia. Furthermore, cutaneous analgesia
AUC) of co-administration of drug (oxybuprocaine, bupivacaine

able 3
he %MPE, duration, and AUCs of drug (ED95) or co-administration of drug (ED95) and clo

%MPE

Complete blockade tim

Drug (ED95)
Oxybuprocaine 92 ± 9 3.1 ± 4.1
Bupivacaine 90 ± 14 4.4 ± 6.1
Dextrorphan 88 ± 12 2.3 ± 1.3

Drug (ED95) + clonidine
Oxybuprocaine 100 ± 0a 70.5 ± 22.5ab

Bupivacaine 100 ± 0a 113.0 ± 15.5abc

Dextrorphan 100 ± 0a 44.8 ± 13.3a

Clonidine alone 0 NEVER

ercent of maximum possible effect (%MPE), duration of action, area under curves (AUC
n = 8 in all groups) on infiltrative cutaneous analgesia (mean ± SD). NEVER: the complet
ompared with the co-administraion of drug and clonidine using a student’s t test. The
upivacaine using 1-way ANOVA followed by pairwise Tukey’s HSD test. The symbol (c)
NOVA followed by pairwise Tukey’s HSD test.
D50 or ED95) on infiltrative cutaneous analgesia in rats. Clonidine was at the dose of
rats for each dose of each drug. The ED50 or ED95 means 50% or 95% effective dose,

and dextrorphan) at the dose of ED50 and clonidine (0.12 �mol)
was approximately 7.7-, 8.2-, and 5.3-folds greater than drug
alone, respectively. Coadministration of bupivacaine with cloni-
dine extended longer duration on infiltrative cutaneous analgesia
than oxybuprocaine or dextrorphan. It has been mentioned that
clonidine, clinically added to preparations of local anesthetics, pro-
longed the duration of action by three possible mechanisms. First,

clonidine may cause local vasoconstriction [10,27], thus decreas-
ing local anesthetic spread and removal around nerves [10,21].
Secondly, clonidine blocked C and A� fibres [3,12] as a conse-
quence of an increase in K+ conductance in isolated neurons [1,20],

nidine (0.12 �mol).

Duration (min) AUCs (%MPE × min)

e Full recovery time

62 ± 12 2894 ± 882
75 ± 25 3390 ± 1003
66 ± 14 2915 ± 751

155 ± 25ab 10,812 ± 1727ab

180 ± 0abc 14,097 ± 596abc

127 ± 16a 8360 ± 1108a

0 0

s) for drug (ED95) or co-administration of drug (ED95) and clonidine at 0.12 �mol
e blockade was never obtained. The symbol (a) indicates P < 0.05 when drug alone
symbol (b) indicates P < 0.05 when dextrorphan compared with oxybuprocaine or
indicates P < 0.05 when oxybuprocaine compared with bupivacaine using one-way
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hus intensifying local anesthetic conduction block [12]. Thirdly,
pinal clonidine combined with local anesthetics [21,25] or used in
eripheral nerve blockades [12,23] intensifies and prolongs anes-
hesia.

A single subcutaneous injection of clonidine (1.2 mg/kg)
esulted in delayed tactile hypersensitivity 24–34 h after clonidine
dministration in rats [24]. Our study displayed that subcutaneous
njection of clonidine (0.12–0.24 �mol; 0.14–0.28 mg/kg), an �2-
drenoreceptor agonist, did not produce any cutaneous analgesia to
ocal dorsal cutaneous noxious pinprick. Our previous experiment
howed that dextrorphan with epinephrine produced an additive
ffect on infiltrative cutaneous analgesia [7], but adding cloni-
ine to dextrorphan elicited a supra-additive effect as a cutaneous
nalgesic (Fig. 2). It may be explained that �1-adrenoceptor ago-
ists (e.g. epinephrine and phenylephrine) at these doses between
.003 and 1.47 �mol can mainly act by mixed subtypes of �1-
drenoceptor to induce the local anesthetic activity [26]. In this
tudy, we used the pinprick with a frequency of 1 Hz [14,18] which
s impossible that repeated pinpricks may change, in fact decrease
he response to stimulus.

In summary, oxybuprocaine produced more potent cutaneous
nalgesia than dextrorphan on an ED50 basis, and the effect of
lonidine on infiltrative local anesthesia with oxybuprocaine, bupi-
acaine or dextrorphan has a significant peripheral action in
ntensifying and prolonging local anesthetic effects. On an equipo-
ent basis (ED50 or ED95), bupivacaine (amide type) showed more
ffective cutaneous analgesia than oxybuprocaine (ester type) or
extrorphan (other type) when adding clonidine.
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