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Abstract  PURPOSE. This study reports the develop-
ment and in vivo evaluation of a liposomal system for
the local anesthetic, prilocaine. METHODS. Liposomal
prilocaine was prepared with egg phosphatidylcholine,
cholesterol and α-tocopherol (4:3:0.07 molar ratio). The
size of the liposomes was measured by laser light scat-
tering and the effect of prilocaine on membrane fluidity
made use of electron spin resonance (ESR). The anes-
thetic effect of liposomal prilocaine was compared to
that of plain prilocaine solution (with or without vaso-
constrictor) in a rat infraorbital nerve blockade model.
RESULTS. Laser light-scattering analysis showed one
major vesicle population of liposomes with ca 400 nm
(100%), without size changes after prilocaine incorpora-
tion. The ESR results showed a decrease in the orienta-
tion of the phospholipid molecules into the liposomes
(ca 11%) in the presence of prilocaine, which character-
ized the prilocaine-liposome interaction. A prolongation
of anesthetic effect was produced by liposomal
prilocaine in comparison to plain prilocaine (without
vasoconstrictor, p<0.001). However, no statistical differ-
ences were found after comparison between liposomal
prilocaine and vasoconstrictor-containing prilocaine.
CONCLUSIONS. We suggest that the encapsulation of
prilocaine in liposomes facilitates the controlled release
of prilocaine (increasing the time of duration of the sen-
sory nervous blockade) and constitutes a good choice to
replace vasoconstrictor-containing local anesthetic for-
mulations. 

INTRODUCTION

Prilocaine is an aminoamide local anesthetic widely
used in dentistry, usually associated with a vasocon-
strictor to increase the anesthetic effect duration by
keeping it longer at the site of action (1). In some cases,
the use of vasoconstrictor is either not recommended
or contraindicated (2-4) and longer-acting local anes-

thetics such as bupivacaine (5) present toxic side effects.
Thus, the development of new local anesthetic formu-
lations - intended to prolong the anesthetic action
without increasing the systemic toxicity - is a current
pharmaceutical challenge.

Liposomes are vesicles in which an aqueous core is
entirely enclosed by surrounding lipid bilayers. They
have been shown to be interesting as drug-delivery sys-
tems for local anesthetics since they enhance the avail-
ability of compounds, reduce their systemic toxicity
and increase their half-life in vivo (6-8). Due to their
similarity to biological membranes - since the lipid
bilayer contains natural phospholipids and cholesterol
– liposomes theoretically do not present any risk of
antigenicity (9).

Local anesthetics have been encapsulated into lipo-
somes and assayed in both animal and human models.
Liposomal bupivacaine was evaluated in animal (9-11)
or human models (6; 12) and liposomal lidocaine was
used as for the epidural anesthesia in animals (13) or
topical application in humans (14; 15). An increase of
anesthetic effect was observed in all these studies, after
administration of liposomal formulations. The present
study comprises the preparation of a new liposomal
prilocaine formulation, the physical and chemical char-
acterization of the formulation and the assessment of
its anesthetic efficacy in vivo, in an animal model.

MATERIALS AND METHODS

Materials and animal model

3% Prilocaine Hydrochloride (PLCPLAIN), 3% prilocaine
hydrochloride plus 0.03 IU/ml felypressin (PLCFELY-
PRESSIN) and Thiopental were obtained from Cristália -
Produtos Químicos e Farmacêuticos Ltda (SP, Brazil).
Egg phosphatidylcholine (EPC), cholesterol (Ch) and α-
tocopherol (α-TC) were purchased from Sigma Chemi-
cal Co. (MO, USA). HEPES/NaCl buffer was prepared
with analytical grade reagents.
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Male Wistar rats, 250-350g, were obtained from
CEMIB – UNICAMP (Centro de Bioterismo - State
University of Campinas - UNICAMP) and were given
free access to water and food throughout the study.
The experiment was approved by the Institutional
Committee for Ethics in Animal Research of the State
University of Campinas – UNICAMP (Protocols 558-
1 and 559-1), which follows the recommendations of
the Guide for the Care and Use of Laboratory Ani-
mals. 

Liposomal prilocaine preparation

Liposomes were prepared with egg phosphatidylcholine,
cholesterol and α-tocopherol, in a 4:3:0.07 molar ratio.
A dry lipid film, containing EPC, Ch and α-T, was
obtained after solvent evaporation, under a nitrogen
flow. The last traces of solvent were removed by vac-
uum for at least two hours. Multilamellar liposomes
were obtained by adding 20 mM HEPES buffer, pH 7.4
to the dry lipid film and vortexing the mixture. Unila-
mellar liposomes (LUV) were prepared by extrusion (12
cycles, 400 nm polycarbonate membrane, at 25° C) of
the multilamellar vesicles. The total lipid concentration
was 5 mM. PLC stock solution was prepared in 0.9 %
saline, whereas PLC liposomal formulation in 20 mM
HEPES saline buffer (plus 150 mM NaCl) at pH 7.4.
PLC solution was added to the LUV after extrusion up to
a final 3 % concentration, the same concentration of the
commercially available felypressin-containing
prilocaine and plain prilocaine.

LIPOSOMAL PRILOCAINE CHARACTERIZATION

Particle size determination

The mean diameter and size distribution of LUV suspen-
sion were analyzed by laser light scattering, using the
Malvern Autosizer 4700 equipment. The measurements
were made from a 90°  angle at room temperature
(25° C), before and after PLC incorporation. 

Encapsulation efficiency and partition coefficient 
determination

The PLC was added to 4 mM liposomal suspensions, up
to a 2 mM final concentration. Encapsulation efficiency
was determined by centrifugation of the liposomal sus-
pensions (120.000 x g, 2 h, 10ºC). PLC concentration in
the supernatant was spectrophotometric determined at
224nm (molar extinction coefficient, ε  = 5.103 M-1, cm-

1). The remaining concentration of PLC in the superna-
tant was subtracted from the initial PLC concentration,
to define the amount bound to the lipid phase. The parti-
tion coefficient (P) was calculated from these data,
according to equation 1:

(1)

Where: m = membrane phase, w = aqueous phase, n
= number of moles of PLC and V = volume.

Membrane organization

The order parameter (S) of the liposomal membrane was
measured in the spectra of 5-doxyl stearic acid (5-SASL)
incorporated into LUV up to 2% molar ratio, before and
after PLC encapsulation. The Electron Paramagnetic
Resonance spectra were obtained with a Varian spec-
trometer operating at 9 GHz. Flat cells for aqueous solu-
tions were used and the experiments were conducted at
room temperature (22° C). For 5-SASL, whose long
molecular axis is roughly parallel to the bilayer normal
(16), the order parameter can be experimentally obtained
according to the equation 2:

(2)

Where A// and A⊥ are hyperfine splittings correspond-
ing to the spin label long molecular axis, parallel and
perpendicularly oriented, respectively, to the external
magnetic field. A// and A⊥ was measured as half the
separation between the outer and the inner extrema,
respectively (17) (Figure 1). 

Figure 1: ESR spectrum of 5-doxyl stearic acid spin
probe (2 mole %) into the egg
phosphatidylcholine:cholesterol:a-tocopherol (4:3:0.07
mole %, 4 mM) liposomes, showing A// and A⊥
determination, according to (17).
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Axx, Ayy and Azz are the principal components of the
hyperfine tensor and were taken as 6.0, 6.0 and 32.0
gauss, respectively (16).

In vitro release study

Prilocaine released from liposomes was investigated
using a modified two-compartment in vitro method,
described by Paavola et al (18). Briefly, the liposome
formulation was introduced into a small donor com-
partment separated by a cellulose membrane (Spectra/
Por 12 000 – 14 000 Da.) from a large acceptor com-
partment containing HEPES buffer, pH 7.4 (at 37°C).
Aliquots (1 mL) were withdrawn from the acceptor
compartment and the volume corrected for the with-
drawn samples. PLC released was spectrophotometri-
cally determined at 224 nm and expressed as percent
values.

In vivo experiments

To evaluate anesthetic effect, the rat infraorbital nerve
blockade technique adapted from Fink et al. (19) was
used. The infraorbital nerve supplies upper lip and
whisker area. The anesthetic effect was assessed by
observation of aversive response to rat upper lip pinch-
ing according to the scores: 0 (aversive response) or 1
(no aversive response). These values were expressed as
percent of local anesthetic activity. The infraorbital
nerve emerges from the skull in the infraorbital notch,
situated above a gap between the posterior four molars
and the anterior incisor, in each side of the rat jaw. The
tested anesthetic preparations were injected into this
site after the animals were lightly anesthetized with
intraperitoneal thiopental (25 mg/kg). Each group
(n=7-10) received 0.1 mL of the following PLC prepa-
rations: Group I - prilocaine-free liposomes
(LUVPRILOCAINE-FREE); Group II – prilocaine solution
(PLCPLAIN); Group III – felypressin-containing
prilocaine (PLCFELYPRESSIN) and Group IV – liposomal
prilocaine (PLCLUV). The degree of sedation did not
interfere with the generalized aversive response to the
upper lip pinching with an artery forceps. Each test
preparation was injected unilaterally into the right
side. The intact left side served as control for compar-
ing the responses from the two sides. All the experi-
ments were performed by the same investigator. The
animals were tested every 5-min up to the time when
the first aversive sign in the injected side was detected.
The efficacy of infraorbital nerve blockade was ana-

lyzed by time for sensory function recovery or dura-
tion of analgesia (time for recovery) and the total local
anesthetic effect (estimated by the area under the effect
vs. time curve, using the trapezoidal rule (20) and
expressed by score/h - AUC), which were evaluated
using the Origin 6.0 (Microcal TM Software, Inc.) pro-
gram.

Statistical analysis

Size distribution of liposomes and in vitro release tests
were analyzed by two-tailed unpaired t-test. Infraor-
bital nerve blockade data (AUC and time for recovery)
were analyzed by the Kruskall-Wallis test and
expressed as median (minimum and maximum limits).
Statistical significance was defined as p < 0.05 (21).

RESULTS AND DISCUSSION

Liposomal prilocaine characterization

Laser light scattering data revealed a single vesicle pop-
ulation, with 381.97±30.19nm (n=3), which is in
accordance with the polycarbonate membrane pore
used during the extrusion process. There were no size
changes (406.07 ± 8.83 nm, n = 3) in the LUV, after
PLC incorporation.

The average encapsulation rate of PLC into the lipo-
somes and the partition coefficient (P) calculated from
this data were 12.10 + 1.11% and 57 + 6% (mean +
SD) at pH 7. 4, respectively.

These results represented the differences in the physic-
ochemical properties of PLC, compared to other ami-
noamide anesthetics (22; 23). Prilocaine is one of the
most hydrophilic local anesthetics presenting lower
membrane partition values than other molecules such
as mepivacaine, bupivacaine (24), benzocaine (25) and
lidocaine (26). In fact, PLC incorporation is lower than
that of bupivacaine (24.8 % + 4.2 %) (24) or lidocaine
(19.1 % + 3.6 %) (Unpublished results) in the same
LUV liposomes but its partition coefficient is in agree-
ment with that determined in large multilamellar egg
phosphatidylcholine vesicles (22). This amphiphilic
character of PLC– also presented in other local anes-
thetics – makes it evident that a fraction of the anes-
thetic molecules resides in the lipid bilayer while the
remainder is distributed in the aqueous phase.
237



J Pharm Pharmaceut Sci (www.ualberta.ca/~csps) 7(2):235-240, 2004
The effect of PLC on the liposomal membrane organi-
zation was followed by ESR. PLC induced a decrease
in the membrane order parameter (ca 11%) (Figure 2)
as also reported for other local anesthetic molecules
(22; 27-29). 

Figure 2: Effect of Prilocaine on the organization of the
phospholipid molecules into the liposome bilayer (egg
phosphatidylcholine:cholesterol:α-tocopherol - 4:3:0.07
mole %, 4 mM). The order parameter was determined
from the ESR spectra of 5-doxyl stearic acid incorporated
into the liposomes (as described in methods).

The maximum effect was reached at a total PLC con-
centration of 40 mM that corresponds to 4.8 mM PLC
inside the liposomes, according to the P value deter-
mined. At that point, a PLC-to-lipid molar ratio of
1.2:1 was reached in the bilayer, in agreement with the
previous ESR results, leading to the saturation of the
membrane phase, as discussed before (22). 

In vitro drug release 

Significant differences (p< 0.05) in the release kinetic
patterns were observed between plain and liposomal
PLC (Figure 3). 

Figure 3: Release kinetic profiles (mean + SE) of plain
and liposomal prilocaine formulations (n=4).  

The liposomal formulation led to a slower release rate
of PLC compared to its plain formulation. Equilib-

rium was delayed from 60 min (PLCPLAIN) to 90 min
with the drug-delivery system.

In vivo evaluation

Figure 4 shows that the duration of nerve blockade
after PLCLUV treatment was significantly longer than
the block produced by PLCPLAIN (p < 0.001) which is
explained by longer residence-time of the liposomal
formulation at the site of injection. 

Figure 4: Local anesthetic activity - % (mean + SE) of
plain, plus felypressin and liposomal prilocaine
formulations, as evaluated with rat infraorbital nerve
blockade.

Comparisons between PLCLUV and PLCFELYPRESSIN,
did not show statistical differences. The total effect of
nerve blockade (area under the curve - AUC) and
recovery time for PLCPLAIN, PLCFELYPRESSIN and
PLCLUV formulations are given in Table 1.

Table 1: Total effect of sensory blockade (AUC) and time
for recovery for plain PLC (with and without
vasoconstrictor) and PLCLUV formulations. Data are

expressed as median (minimum – maximum) (n = 7 –10 /
group). 

Statistical differences using a nonparametric analysis of vari-
ance (Kruskal-Wallis Test) between: a – PLCLUV vs. 
PLCPLAIN - p<0.001(***), b – PLCFelypressin vs. PLCPLAIN - 
p<0.01 (**). No significant differences were found between 
PLCLUV and PLCFelypressin .

The group that received LUVPRILOCAINE-FREE presented
no effects while PLCPLAIN inducted nerve blockade up
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to 65 min after treatment. The nerve blockade induced
by PLCLUV was clearly similar to that of PLCFELY-

PRESSIN and both prolong anesthesia up to 95 min. This
result showed that liposomal formulation could be
adopted in dentistry procedures, especially when the
use of vasoconstrictors is contraindicated, such as in
case of sulfite sensitivity, heart diseases, uncontrolled
hyperthyroidism and diabetes, among other situations
(2-4).

CONCLUSIONS 

As shown by this study, the PLCLUV prolonged the
duration of anesthesia when compared to the plain
PLC (without vasoconstrictor). Besides, the anesthetic
effect induced by the liposomal prilocaine formulation
on an animal model was similar to that of vasoconstric-
tor-containing prilocaine. Thus, we suggest that liposo-
mal PLC could replace vasoconstrictor-containing
local anesthetics when the vasoactive compound is
contraindicated. It is a new option for the controlled
release of local anesthetics in dentistry, in the place of
longer acting anesthetic such as bupivacaine, which
induces toxicity to nervous and cardiovascular systems
(5).
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