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RESUMO

Estudos em animais tém demonstrado que a encapsulagao lipossomal da
prilocaina aumenta sua eficacia anestésica em tecidos moles. Este estudo
randomizado, cruzado e cego teve por objetivo avaliar a eficdcia anestésica da
formulacéo lipossomal de prilocaina 3% comparada a prilocaina 3% sem aditivos e
prilocaina 3% com felipressina 0,03Ul/mL, aplicadas por técnica infiltrativa na
regido vestibular do canino superior direito em 32 voluntarios. As formulagbes
foram aplicadas em 3 sessdes, com ordem aleatéria de aplicacdo e intervalo
minimo de 1 semana. O sucesso, a laténcia e a duracdo da anestesia pulpar
foram avaliados com aplicagcdo de estimulo elétrico no incisivo lateral, canino e
primeiro pré-molar superiores; a laténcia e duragdo da anestesia em tecidos moles
foram avaliadas por pressao com instrumento rombo na gengiva inserida da regiao
vestibular do canino superior direito e a dor a injecao por meio da escala analégica
visual (EAV). Considerou-se como sucesso anestésico quando a laténcia foi
menor ou igual a 10 minutos com duragdo minima de 10 minutos. Os voluntéarios e
0 pesquisador que avaliou as anestesias n&o tinham conhecimento da formulagéao
aplicada. Os resultados foram submetidos aos testes Kruskal-Wallis (laténcia e
duracdo da anestesia pulpar), Tuckey (EAV), Friedman (duragdo da anestesia
gengival), Log Rank e McNemar (sucesso). A formulacdo lipossomal apresentou
resultados semelhantes a formulacdo sem aditivos (p>0,05) e estatisticamente
inferiores a prilocaina com felipressina (p<0,05), com relacdo a duragdo de
anestesia gengival e sucesso e duracao de anestesia pulpar para o canino e pré-
molar. Com relacdo a laténcia e sucesso da anestesia no incisivo lateral, a
prilocaina lipossomal n&o diferiu das demais formulagées (p>0,05) e a prilocaina
sem aditivos apresentou menor sucesso e maior laténcia (p<0,05) que a prilocaina
com felipressina. As formulagdes nao diferiram quanto a duragdo de anestesia
pulpar para o incisivo lateral, dor a injecédo e laténcia anestésica para canino, pré-
molar e gengiva (p>0,05). Conclui-se que a prilocaina lipossomal apresenta

eficacia anestésica semelhante a solucao sem aditivos e menor eficacia do que a



solugdo de prilocaina com felipressina em infiltracdo na maxila, ndo havendo,

portanto, vantagem no seu uso.



ABSTRACT

Animal studies have shown that liposome encapsulation increases
prilocaine anesthetic efficacy in soft tissues. This randomized, blind, crossover,
three period study evaluated the anesthetic efficacy of liposome-encapsulated 3%
prilocaine compared to 3% plain prilocaine and 3% prilocaine with 0.031U/mL
felypressin, after 1.8mL infiltration in the buccal sulcus of the maxillary right canine,
in 32 volunteers. The formulations were randomly applied in three sessions,
spaced one week apart. Anesthesia success and onset and duration of pulpal
anesthesia in the lateral incisor, canine and first premolar were evaluated by using
an electric pulp tester; onset and duration of soft tissue anesthesia were evaluated
by pinprick test in the buccal attached gingiva of maxillary right canine. Injection
pain was analyzed through Visual Analogue Scale (VAS). Anesthesia was
considered successful when the onset time was less than 10 minutes and the
duration was at least 10 minutes. The volunteers and the researcher who
evaluated anesthesia parameters were blind to the formulations injected. Results
were submitted to Kruskal-Wallis (onset and duration of pulpal anesthesia), Tuckey
(VAS), Friedman (duration of gingival anesthesia), Log-Rank and McNemar tests
(anesthesia success), (a=5%). Liposomal prilocaine showed similar results in
comparison to plain prilocaine (p>0.05), and lower anesthesia success and
duration for canine and premolar and for duration of gingival anesthesia (p<0.05)
than prilocaine with felypressin. Liposomal prilocaine did not differ from the other
formulations concerning onset and anesthesia success for the lateral incisor
(p>0.05); plain prilocaine presented lower success rate and slower onset of
anesthesia for this tooth in comparison to prilocaine with felypressin (p<0.05). No
differences were observed among the formulations in relation to duration of
anesthesia for lateral incisor, VAS scores and onset of gingival and pulpal
anesthesia for canine and premolar (p>0.05). In conclusion, liposomal prilocaine
presents similar anesthetic efficacy in relation to plain prilocaine and lower efficacy
in comparison to prilocaine with felypressin in maxillary infiltration. Therefore, there
is no advantage in the use of this formulation.

[xi]



Sumario

INtrOUGAO0. ...ttt

Capitulo de artigo cientifico.........cccccecrrrrrrrreennnnnn.

CONCIUSAOD. ... e

RefreNCIAS. . oo e,

Anexo 1 — Resolucdo do formato alternativo para
defesa CCPG/002/06

Anexo 2 — Confirmagéo de submisséo do artigo a
revista “Journal of Liposome Research’

Anexo 3 — Informacdo sobre a submissido de
teses na revista “Journal of Liposome Research’
Anexo 4 — Certificado de aprovacdo pelo comité
de ética em Pesquisa da Faculdade de

Odontologia de Piracicaba

[xii]

23

24

27
27

30

31



INTRODUCAO

A maioria dos procedimentos odontologicos esta relacionada a produgao de
estimulos dolorosos. Nesse sentido, os anestésicos locais constituem-se nos
farmacos mais utilizados na pratica clinica por sua propriedade de interromper a
conducdo de estimulos nervosos de determinada area circunscrita do corpo,

evitando que o paciente sinta dor (Malamed, 2004).

A excecdo da cocaina, todos os anestésicos locais promovem, em graus
variados, vasodilatagao no local onde foram infiltrados (Aps & Reynolds, 1976). A
vasodilatacdo aumenta a velocidade de absorcdo do anestésico local para o
sangue, o que reduz a duragéo da acdo anestésica. Muitas vezes, na tentativa de
se obter anestesia de duragdo mais prolongada com solugdes sem a adigdo de
vasoconstritor, pode-se atingir niveis plasmaticos téxicos com maior facilidade
(Andrade, 2006).

Assim como a lidocaina, mepivacaina e articaina, a prilocaina € um
anestésico do tipo amida, considerado de duracdo de acgéo intermediaria e que
apresenta menor toxicidade do que a lidocaina, devido a sua rapida
biotransformagao pelo organismo (McLure & Rubin, 2005). Apresenta 50% da
capacidade vasodilatadora da lidocaina e por isso é clinicamente eficaz nas
concentragdes de 4% sem vasoconstritor, 4% com epinefrina 1:200.000 e ainda
3% com felipressina 0,03Ul/mL, sendo apenas esta Ultima disponivel
comercialmente no Brasil. Quando usado sem vasoconstritor, na concentracao de
4%, promove anestesia pulpar de 10 a 15 minutos em técnica infiltrativa ou até 60
minutos em técnica de bloqueio; quando associado a vasoconstritor sua eficacia
na anestesia infiltrativa aumenta, e a duragdo da anestesia pulpar pode extender-
se além de 60 minutos (Costa et al., 2005; Malamed, 2004).

Uma das metas da medicina e da odontologia, no que diz respeito aos
anestésicos locais, € a descoberta de formulacbées menos tdxicas, mas que

apresentem a mesma ou maior eficacia clinica do que aquelas atualmente em uso.



Além das pesquisas com isdmeros menos toxicos de anestésicos, como a
ropivacaina e a levobupivacaina, um campo relativamente novo e potencialmente
promissor é o do desenvolvimento de sistemas de liberagcao controlada de drogas
como lipossomas e polimeros (Kuzma et al, 1997). Esses sistemas, por
permitirem a liberacdo mais lenta do farmaco, ao mesmo tempo em que
aumentam a duragdo de acdo, também diminuem a toxicidade potencial do
mesmo (Gesztez & Mezei, 1988; Langerman et al., 1992; Boogaerts et al., 1993
a,b; Mowat et al., 1996; Bucalo et al., 1998).

A encapsulacdo em lipossomas e em polimeros como a ciclodextrina tem
sido estudada com varios farmacos, como antineoplasicos, antibibticos,
antifungicos e anestésicos locais, sendo que alguns deles ja estdo disponiveis
comercialmente nos EUA, na forma encapsulada em lipossomas (DOXIL® -
doxorrubicina, DEPOCYT® -citarabine, AMBISOME® -anfotericina B e L-MAX® -

lidocaina 4% creme em veiculo lipossomal).

Os lipossomas sao conhecidos desde a década de 1960 e consistem de
esferas formadas por uma ou mais bicamadas de lipideos, com as caudas
hidrofébicas voltadas para o interior da bicamada, delimitando, dessa forma, uma
cavidade central hidrofilica. Com essa constituicdo, sdo capazes de encapsular
farmacos hidrossoluveis (que tendem a permanecer na cavidade central aquosa)
ou lipossoluveis (no interior da bicamada), limitando sua biotransformacédo e
permitindo que alcancem o sitio de acdo em concentracdes efetivas maiores
(Ranade, 1989; Sharata & Katz, 1996).

De acordo com o numero de camadas, os lipossomas podem ser
classificados como uni ou multilamelares. O tamanho do lipossoma & um fator
importante, pois afeta de forma significativa sua biotransformagéo. Lipossomas
com tamanho menor que 120nm atravessam rapidamente os capilares, podendo
levar a tempo menor de acdo do farmaco, enquanto que lipossomas maiores
tendem a permanecer por mais tempo no local de injecdo (Kuzma et al., 1997;
Grant & Bansinath, 2001)
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Por apresentar constituicdo semelhante a das membranas biolédgicas, os
lipossomas apresentam baixa toxicidade e imunogenicidade reduzida ou
inexistente (Kuzma et al, 1997; Malinovsky et al, 1997). Além disso, nao
promovem lise de eritrdcitos (Yoshihara & Nakae, 1986; Parnham & Wetzig, 1993;
Stensrud et al.,, 1999; Fraceto et al., 2002) e ndo possuem efeito pré-agregante
plaquetario (Pinto et al., 2000; Fraceto et al., 2002; Pinto et al., 2004).

O uso de anestésicos locais encapsulados em lipossomas tem como
vantagens a liberacdo lenta da droga, prolongando a duragcdo da anestesia (de
Paula et al., 2010) e reduzindo a toxicidade para o sistema cardiovascular e
sistema nervoso central (Gesztes & Mezei, 1988; Langerman et al., 1992;
Boogaerts et al,1993 a,b; Mowat et al, 1996; Bucalo et al, 1998) e a
citotoxicidade (De Araujo et al., 2008), permitindo assim o uso de formulagdes
anestésicas sem adicao de vasoconstritor. Pacientes que recebem grandes doses
e/ou aplicacdes repetidas de formulagdes anestésicas, como aqueles submetidos
a cirurgias que necessitem de controle de dor pds-operatéria ou com dores
cronicas, seriam beneficiados (Kuzma et al, 1997). No entanto, para
procedimentos com a necessidade de controle de sangramento, a auséncia do

vasoconstritor nao representaria vantagem.

Varios estudos em animais comprovaram a maior eficdcia, em tecidos
moles, de anestésicos encapsulados em lipossomas, comparados a solugdes nédo
encapsuladas. Yu et al. (2002) observaram efeito anestésico mais prolongado e
nivel plasmatico constante da bupivacaina lipossomal em relacdo a solugao nao
encapsulada, em ratos. A maior eficacia anestésica de preparac¢oes lipossomais
também foi observada por De Araujo et al. (2004; 2008) com a mepivacaina e
ropivacaina em bloqueio sensitivo e motor em camundongos; com a prilocaina
(Cereda et al. 2004) e prilocaina, lidocaina e mepivacaina (Cereda et al., 2006) em
bloqueio sensitivo em ratos.

Em humanos a eficacia anestésica de suspensdes lipossomais tem sido
observada em preparacdes para uso tépico em pele (Hung et al., 1997; Fischer et
al., 1998; Bucalo et al., 1998; Friedman, 1999; Eichenfield et al.,2002; Grant et al.
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2004; Carter et al., 2006) e em infiltracao para uso médico (Lafont et al., 1994;
Boogaerts et al., 1994; Lafont et al,, 1996). Assim, a infiliracdo de suspenséo
lipossomal de bupivacaina demonstrou maior efetividade que a preparagdo nao
lipossomal no controle da dor em bloqueio do plexo braquial em paciente com dor
crbnica no brago (Lafont et al, 1994), por via epidural no controle da dor em
paciente com cancer pulmonar em estagio terminal (Lafont et al., 1996) e por via
epidural em estudo de controle de dor pds-operatéria de cirurgias maiores
abdominal, vascular, uroldgica, toracica e ortopédica (Boogaerts et al., 1994).
Além do aumento do tempo de analgesia, nesses estudos também ficou evidente
a diminuicdo da toxicidade com o0 uso das suspensdes lipossomais pela menor
concentracdo plasmatica do anestésico local (bupivacaina), bem como pela

auséncia do vasoconstritor e seus efeitos sobre o sistema cardiovascular.

Em odontologia, um resumo e um artigo foram publicados relatando
efetividade de anestésicos lipossomais para uso tépico a base de tetracaina (Zed
et al., 1996) e de ropivacaina (Franz-Montan et al., 2007).

Para uso injetavel, ha dois estudos comparando suspensdes lipossomais de
anestésicos locais em técnica infiltrativa na maxila com resultados distintos. No
estudo de Franz-Montan (2009) a encapsulacdo em lipossomas ndo aumentou a
efetividade da ropivacaina, sendo mais efetiva a preparagdo aquosa comercial.
Para a mepivacaina, entretanto, a formulacédo lipossomal mostrou resultados
promissores (Tofoli et al, 2008). A injecdo de 1,8mL de formulacéo lipossomal de
mepivacaina 3% em técnica infiltrativa na regido de canino superior promoveu
maior duragdo de agdo comparada a infiltracdo de solugcdo de mepivacaina 3%.
Além disso, a formulacdo de mepivacaina 2% lipossomal apresentou duracao
anestésica equivalente a conseguida com a solucdo de mepivacaina 3%,
mostrando assim, que encapsulagéo foi efetiva e pode ser promissora para esse
anestésico local.

Em adicdo ao aumento da duracdo da anestesia sem a necessidade da
incorporacao de outros aditivos, ha ainda a questdo do pH das solugdes. Solucdes
anestésicas contendo vasoconstritores como aditivos, apresentam pH entre 3,3 e
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5,5 (Malamed, 2004), enquanto que as suspensdes lipossomais sdo preparadas
com pH préximo do fisiol6gico, de cerca de 7,4 (Cereda et al., 2006). Desta forma
poderiam ser menos propensas a promoverem dor ou sensacdo de ardéncia
durante sua aplicagéo, o que resultaria, para o paciente, em uma menor sensagao
dolorosa ou de desconforto, e consequentemente, em menor estresse durante a
injecao.

Além da mepivacaina, outro anestésico com potencial promissor para
encapsulacdo é a prilocaina. Embora a porcentagem de incorporagédo da
prilocaina nas vesiculas (12%) seja menor que a da bupivacaina (24,8%) e da
lidocaina (19%), foi demonstrado maior efeito anestésico da formulacao
lipossomal de prilocaina 3% em comparag&o com a solugao de prilocaina 3% sem
vasoconstritor e efeito equivalente ao da prilocaina 3% com felipressina
0,03UlI/mL, em bloqueio do nervo infraorbital em ratos (Cereda et al., 2004). Na
concentracao de 2%, com o mesmo tipo de bloqueio, foi observado aumento de
30% na duracédo da anestesia com o0 uso de suspensao lipossomal de prilocaina
em comparagao com a solugao de prilocaina (Cereda et al., 2006).

Esses resultados, embora promissores, compreendem apenas avaliacédo de
bloqueio sensitivo em tecido mole e ndo podem ser extrapolados para a anestesia
pulpar. Assim, o presente estudo teve por objetivo avaliar a eficacia da formulacdo
lipossomal de prilocaina na anestesia pulpar apds infiltracao na maxila.

Esta tese esta de acordo com a deliberacdo da Comissao Central de Pos-
Graduagado (CCPQG) da Universidade Estadual de Campinas (UNICAMP) n° 001/98
(Anexo 1), que regulamenta o formato alternativo para dissertacdo e tese,
permitindo a insercdo de artigos cientificos de autoria ou co-autoria do candidato,
sendo composta de um capitulo referente ao artigo submetido para publicacdo na
revista Journal of Liposome Research (Anexo 2).
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Abstract

Animal studies have shown that liposome encapsulation increases
prilocaine anesthetic efficacy. This randomized, blind, crossover, three period
study evaluated the anesthetic efficacy of liposome-encapsulated 3% prilocaine
compared to 3% plain prilocaine and 3% prilocaine with 0,031U/mL felypressin,
after 1.8mL infiltration in the buccal sulcus of the maxillary right canine, in 32
volunteers. Anesthesia success, onset and duration of pulpal and gingival
anesthesia in the lateral incisor, canine and first premolar were evaluated. Injection
pain was analyzed through Visual Analogue Scale (VAS). Results were submitted
to Kruskal-Wallis (onset and duration of pulpal anesthesia), Tuckey (VAS),
Friedman (duration of gingival anesthesia), Log-Rank and McNemar tests
(anesthesia success), (a=5%). Liposomal prilocaine showed similar results in
comparison to plain prilocaine (p>0.05), and lower anesthesia success and
duration for canine and premolar and for duration of gingival anesthesia (p<0.05)
than prilocaine with felypressin. Liposomal prilocaine did not differ from the other
formulations concerning onset and anesthesia success for the lateral incisor
(p>0.05); plain prilocaine presented lower success rate and slower onset of
anesthesia for this tooth in comparison to prilocaine with felypressin (p<0.05). No
differences were observed among the formulations in relation to duration of
anesthesia for lateral incisor, VAS scores and onset of gingival and pulpal
anesthesia for canine and premolar (p>0.05). In conclusion, liposomal prilocaine
presents similar anesthetic efficacy in relation to plain prilocaine and lower efficacy
in comparison to prilocaine with felypressin in maxillary infiltration. Prilocaine does

not seem to benefit from liposomal encapsulation.



Introduction

Most of the dental procedures requires local anesthesia to prevent
intraoperative pain. Prilocaine is an amide-type local anesthetic used in dentistry
since the 1960’s, which presents less vasodilating properties and lower toxicity
than lidocaine (McLure & Rubin, 2005; Malamed, 2004). Its onset of action varies
from 1.6 to 4 minutes after maxillary infiltration (Donaldson et al., 1987; Volpato et
al., 2001) and from 2.2 to 11 minutes after inferior alveolar nerve block (Donaldson
et al., 1987; Hinkley et al., 1991; McLean et al., 1993).

When used as plain solution, at 4% concentration, the infiltration provides
short pulpal anesthesia duration (10 to 15 minutes) while inferior alveolar nerve
block may provide pulpal anesthesia for up to 60 minutes (McLean et al., 1993;
Malamed, 2004). The addition of a vasoconstrictor, such as 1:200,000 epinephrine
or 0.03IU/ml felypressin, increases pulpal anesthesia duration for more than 60
minutes after maxillary infiltration (Malamed, 2004; Costa et al., 2005) and it is an

important factor for prilocaine efficacy in this type of anesthetic technique.

Many additives and control drug release systems have been studied to
increase local anesthetic efficacy (de Paula et al., 2010; Robaux et al., 2004;
Brkovic et al., 2005), among which the encapsulation in liposomes have attracted
the attention of researchers (Grant et al., 2004). Liposomes are vesicles composed
by one or more phospholipid bilayers surrounding an aqueous core, which can act
as a reservoir of hydrophilic and lipophilic drugs. Due to its similarity to biological
membranes liposomes presents biocompatibility, low toxicity (Mallinovsky et al.,
1997; Grant, 2002; Cereda et al., 2008), and are able to be administered by most
routes of administration (Boogaerts et al., 1994; Lafont et al., 1994; Lafont et al.,
1996; Grant, 2002; Grant et al., 2004; Franz-Montan et al., 2007).

Encapsulation of prilocaine has been shown to increase soft tissue
anesthesia duration, when compared to plain prilocaine, after infraorbital nerve
block in rats (Cereda et al., 2004; Cereda et al., 2006). In addition, in humans, the
encapsulation of mepivacaine increased pulpal anesthesia duration after maxillary
infiltration (To6foli et al., 2008). Based on these previous studies, this clinical trial
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was conducted to evaluate the pulpal anesthetic efficacy of liposomal prilocaine in

maxillary infiltration in humans.

Methods

This randomized, blind and crossover investigation had involvement of thirty
two healthy subjects (17 females and 15 males) aging from 19 to 33 years-old
(mean age: 25.41+3.87). The Ethical Committee of the Piracicaba Dentistry School
— UNICAMP — Brazil previously approved the study protocol 062/2004, and all the
subjects signed a written informed consent. With data from a previous investigation
(Brunetto et al., 2008) and a type | error set at 0.05, a power calculation dictated
that a sample size of 32 would give 90% power.

All the subjects were in good health, had no history of allergy to the
components of the local anesthetic formulations tested, and were not taking any
medication that would alter pain perception, as determined by oral questioning and
written health history. All test and control teeth were responsible to electric
stimulation (pulp tester), had no history of trauma or sensitivity and were free of

caries, restorations, periodontal disease and endodontic treatment.

Each subject attended 3 visits that were scheduled at least 1 week apart, in
a repeated-measures design. All visits occurred from 11 am to 2 pm to avoid
circadian cycle interference on subject response threshold (Lemmer & Wiemers,
1989). At each visit, subjects received 1.8 mL of one of the following formulations,
into the buccal sulcus in the maxillary right canine region: 3% liposomal prilocaine
(LipoPrilo) pH 6.5, 3% prilocaine with 0.03 IU/mL felypressin (Citocaina®, Cristalia
Produtos Quimimicos Farmaceuticos Ltda, ltapira, SP, Brazil) — (Felyprilo) pH 4.3,
and 3% plain prilocaine (Prilo) pH 5.2. Liposomal and plain formulations were
prepared at the Department of Biochemistry, Institute of Biology, University of
Campinas, SP, Brazil. The liposomes consisted of large unilamellar vesicles of
homogenized sizes (400nm), prepared following a previous described methodology
(Cereda et al, 2004). Briefly, a dry lipid film containing egg
phosphatydilcolinecholine, alpha-tocopherol and cholesterol (in a 4:0.07:3 molar
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ratio) was obtained after solvent evaporation under nitrogen flow. HEPES buffer
(20mM) pH 7.4 was added to the dry lipid film and the mixture were vortexed. The
multilamellar liposomes thus obtained were extruded (12 cicles, 400nm
polycarbonate membrane, at 25°C) to form unilamellar liposomes. The total lipid
concentration was 5mM. Prilocaine solution was added to the unilamellar
liposomes up to a final 3% concentration (the same concentration of the
commercially available felypressin-containing prilocaine). The formulations were
steam sterilized by autoclaving for 15 min at 121°C and 1 atm. Pyrogenic
contamination was tested by Limulus amoebocyte lysate assay.

The formulation injected at each appointment was randomized. All the
injections were performed by the same operator (PMWZ) with a 3mL Luer-Lok
syringe (Becton Dickinson, Curitiba, PR, Brazil) fitted with a short 30-gauge needle
(Becton Dickinson and Company, Franklin Lakes, NJ, 07417). The formulations
were injected at a rate of 1mL/min after aspirating technique. To reduce pain due
to needle insertion, 20% benzocaine gel (Benzotop® - DFL Ind Com Ltda, Rio de
Janeiro, Brazil) was previously applied during 2 minutes at buccal sulcus of the

maxillary right canine.

At the beginning of each appointment, and before the topical anesthetic
application, the maxillary right canine, first premolar and lateral incisor and
maxillary left canine were individually tested, in this order, 3 times with an
electronic pulp tester (Model 2006, Analytic Technology Corp, Redmond, Wash) to
determine the baseline response, which was considered as the mean of the three
measurements for each tooth. After isolation of the teeth with cotton rolls and
drying them with gauze a small portion of fluoride gel was applied to the probe tip,
which was placed on the buccal side, midway between the gingival margin and the
occlusal edge of the tooth, according to Analytic Technology Corp
recommendation. The current rate of the pulp tester was set up to increase from no
output (0) to the maximum output (80uA) at 30 seconds, and the interval between
measurements was 2 minutes. The maxillary left canine was used as a control to
ensure pulp tester properly operation and volunteer accurate response during the
study. Every two minutes after injection, the same teeth, in the order previously
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described, were tested until no response to the maximum stimulus was obtained
(80 reading). After that the teeth were tested every 10 minutes until two
consecutive positive responses to the pulp tester were obtained. All the pulp
testing was performed by a trained person, who was blinded to the formulations
injected.

Gingival anesthesia was evaluated by pinprick test at the maxillary right
canine buccal gingiva at the same time intervals of pulp testing in this tooth
(McLean et al, 1993; Franz-Montan et al., 2007).

Onset of pulpal anesthesia was defined as the time from the end of injection
to the first of 2 consecutive readings of 80 without response. Pulpal anesthesia
duration was considered as the time from the onset of pulpal anesthesia to the time

recorded before 2 consecutive positive responses to the pulp tester were obtained.

Onset of gingival anesthesia was the time from the end of injection to the
beginning of numbness in the maxillary right canine buccal gingiva. Duration of
gingival anesthesia was the time from the beginning to the end of numbness in the
maxillary right canine buccal gingiva. Anesthesia was considered successful when
the onset time was less than 10 minutes and the duration was at least 10 minutes.

Volunteers were asked to rate the injection pain on a 10cm visual analog

scale (VAS), with end points tagged “no pain” and “pain as bad as could be”.

Data were analyzed with Bioestat, version 5.0 (Mamiraua Institute, Belem,
PA, Brazil). The following tests were used to analyze the results: Kruskal-Wallis
(onset and duration of anesthesia), Tuckey (injection pain - VAS results), Friedman
(duration of pulpal anesthesia), and Log-Rank and McNemar (anesthesia success).
The significance level was set at 5%.

Results

All 32 recruited volunteers (17 women and 15 men) completed the
investigation. The incidence of pulpal anesthesia (no response to 80 reading)
throughout the testing period are presented in Figure 1 for lateral incisor, canine
and first premolar. Higher anesthesia success was obtained after prilocaine with
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felypressin injection than with the other formulations for canine and first premolar
(p<0.05). Figure 1 shows significant differences between prilocaine with felypressin
and each of the other formulations. No difference was observed between liposomal
prilocaine and plain prilocaine for these teeth. For lateral incisor prilocaine with
felypressin provided higher anesthesia success than plain prilocaine (p<0.05);
liposomal prilocaine did not differ from the other formulations (p>0.05). Gingival

anesthesia was successful with all formulations (100%).

100 -

90 -

== 3% Prilocaine with felypressin
80

= O = 3% Prilocaine
70 - e

== 3% Liposomal prilocaine
60 -
50 -
40 -
30

20

Anesthesia success rate (%)

10

Lateral incisor Canine First premolar

Time (minutes)
Figure 1. Anesthesia success (%) for lateral incisor, canine and first premolar after
1.8mL infiltration of tested formulations in the buccal sulcus of maxillary right
canine. Significant differences (p<0.05) are market with T (3% prilocaine with
felypressin versus 3% liposomal prilocaine) and with * (3% prilocaine with
felypressin versus 3% prilocaine).

Results of onset and duration of pulpal and gingival anesthesia are
presented in Table 1. No statistically differences were observed among
formulations for onset of pulpal anesthesia in canine and first premolar (p>0.05).
Plain prilocaine induced slower onset of pulpal anesthesia (p=0.002) than
prilocaine with felypressin in the lateral incisor. No differences (p>0.05) were
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observed between liposomal prilocaine and the other formulations in relation to
onset of anesthesia in the lateral incisor.

The median (and interquartile range), in minutes, of onset of gingival
anesthesia for all formulations was 2(0) minutes, with no difference among them
(p>0.05).

Table 1. Onset and duration of pulpal and gingival anesthesia (median and

interquartile range, in minutes) after buccal infiltration in the maxillary canine.

Anesthetic Formulation
Teeth

Prilocaine with  Liposomal Plain
felypressin Prilocaine Prilocaine
Lateral Incisor 2 (0)* 4 (4) 6 (3,5)
Onset of Canine 2 (0) 2 (0) 2 (0)
anesthesia ot remolar 2 (2) 2(2) 2(0,5)
Gingiva 2 (0) 2 (0) 2 (0)
Lateral Incisor 20 (20) 10 (7,5) 10 (10)
, .t
Duration of Canine 20 (20) 20 (10) 20 (10)
anesthesia o i sremolar 20 (25)* ¢ 10 (10) 10 (10)
Gingiva 186.5 (48.5) 1 105 (40.8) 78 (40.5)

* p<0.01 between prilocaine with felypressin and plain prilocaine
Tp<0.05 between prilocaine with felypressin and liposomal prilocaine
*p<0.01 between prilocaine with felypressin and liposomal prilocaine
1p<0.05 between prilocaine with felypressin and the other formulations

Prilocaine with felypressin provided higher (p<0.05) duration of gingival
anesthesia than plain prilocaine and liposomal prilocaine, with no difference

between these formulations (p>0.05).
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Higher duration of pulpal anesthesia (p<0.05) for canine and first premolar
was observed after infiltration of prilocaine with felypressin, with no difference
(p>0.05) between plain prilocaine and liposomal prilocaine. No differences among
the formulations were observed for duration of lateral incisor anesthesia (p>0.05).

The results of injection pain (VAS scores, in cm) are shown in Figure 2. No
differences were observed among formulations (p=0.11) in relation to injection

pain.
Liposomal Prilocaine —|
Plain Prilocaine - ‘
Prilocaine/Felypressin —{
0 2 4 6 8 10

Visual Analogue Scale (cm)

Figure 2. VAS scores (mean and standard error mean, in cm) rated by

volunteers after injection of 1.8mL of each formulation.

Discussion

Prilocaine with felypressin is related to provide 77.8% to 80% of anesthesia
success after maxillary infiltration (Petersen et al., 1977; Nordenram & Danielsson,
1990), with an onset between 2 to 3 minutes and duration ranging from 24.8 to
61.6 minutes (Petersen et al., 1977; Nordenram & Danielsson, 1990; Volpato et al.,
2001; Costa et al., 2005). Therefore, the results obtained in the present study with
prilocaine associated to felypressin are consistent with these related in the
literature. The maxillary canine (target tooth) was anesthetized in 70% of the
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prilocaine with felypressin injections, with an onset of 2 minutes and duration of 20
minutes (mean=30.3 minutes).

Liposomal encapsulation has been reported as an alternative to
vasoconstrictors to increase efficacy and reduce local anesthetic toxicity
(Boogaerts et al, 1994; Lafont et al.; 1994; Lafont et al., 1996).

Previous studies with animal models have shown increased anesthesia
duration of lidocaine, prilocaine and mepivacaine liposomal formulations when
compared to their respective plain solutions, after infraorbital nerve block in rats
(de Araujo et al., 2004; Cereda et al. 2004; Cereda et al., 2006). The results of the
present study did not confirm these previous results obtained in animals.
Differences in species, technique and in the parameter studied could have
contributed to the different results. While those authors evaluated soft tissue
anesthesia (maxillary lip), after an injection of the formulation in direct contact with
the nerve trunk, in the present study the formulation was injected supraperiostealy
and would have to cross the periosteum and bone to reach the terminal nerve
endings in the tooth apex to provide pulpal anesthesia.

To date, two trials have been conducted to study the efficacy of mepivacaine
and ropivacaine liposomal formulations in comparison to their respective plain
solutions, in human pulpal anesthesia (Téfoli et al., 2008; Franz-Montan, 2009)
with conflicting results. Téfoli et al. (2008) related increased anesthesia duration
after liposomal mepivacaine maxillary infiltration, while Franz-Montan (2009)
showed no improvement of liposomal ropivacaine formulation in the same
anesthetic technique.

Considering the anesthesia success in the present study, liposomal and
plain prilocaine did not differ in all the tested teeth, while prilocaine with felypressin
provided higher anesthesia success than these formulations for canine and first
premolar. Prilocaine with felypressin provided sustained anesthesia for at least 20
minutes in 70% of the volunteers, quickly decreasing to 38% at 30 minutes in the
canine. The percentages of anesthetized canines for plain and liposomal prilocaine
were 41% to 44%, respectively, at 20 minutes, decreasing to less than 15%.

[-15-]



Toéfoli et al. (2008) reported an increase in duration of anesthesia from
24min for 3% mepivacaine to 32min for 3% liposomal mepivacaine after maxillary
infiltration in the canine buccal fold. Prilocaine and mepivacaine have different
physicochemical properties, which could explain the differences observed between
the studies. Prilocaine presents lower membrane partition value (57) than
mepivacaine (93), which results in lower percentage of liposomal encapsulation for
prilocaine (12%) than for mepivacaine (18.4%) (Cereda et al., 2004; Cereda et al.,
2006). This low encapsulation would not be sufficient to increase the success and
duration of pulpal anesthesia. However, Franz-Montan et al. (2009) did not
obtained significant results with liposomal ropivacaine and this local anesthetic
presents higher percentage of encapsulation (24%) than prilocaine and
mepivacaine (De Araujo et al., 2008).

The results of Franz-Montan et al. (2009) and others (Kennedy et al., 2001)
show that ropivacaine demands an additive (usually a vasoconstrictor) to improve
the anesthetic efficacy when used as infiltration injection in dentistry. Our results
suggest that prilocaine also needs an associated vasoconstrictor to provide
adequate duration of pulpal anesthesia after maxillary infiltration injection.

Mepivacaine presents higher vasodilating activity than prilocaine (Malamed,
2004), and ropivacaine has been related as having vasoconstrictor effect (Timponi
et al., 2006; Tokinaga et al., 2007) especially at end arteries (Wienzek et al., 2007).
Mepivacaine without vasoconstrictor is used in maxillary infiltration to provide 20
minutes of pulpal anesthesia (Malamed, 2004). Prilocaine in higher concentration
(4%) and without vasoconstrictor can also be clinically used, inducing lower
duration of pulpal anesthesia (10 to 15 minutes) after maxillary infiltration. It
presents, however, increased efficacy when used in nerve blocks, such as the
inferior alveolar nerve.

The higher efficacy of vasoconstrictor-containing local anesthetics was also
evidenced by Tofoli et al. (2008) who observed higher duration of pulpal
anesthesia for 2% mepivacaine associated with epinephrine than for 3%

mepivacaine and liposomal mepivacaine at 2% and 3% concentration.
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Vasoconstriction permits the local anesthetics to have an extended period of
contact with periosteum, allowing a greater number of molecules to cross the
periosteum and bone in order to reach the nerve fibers. Liposomes keep part of the
molecules in the injected area, having no vasoactivity properties. The blood
vessels are kept under the vasoactivity influence of the local anesthetic injected
and some degree of vasodilation does occur. Once the liposome membranes are
degraded, the encapsulated local anesthetics molecules show the same behavior
of vasoconstrictor-free anesthetic solutions. Depending on the percentage of
liposome encapsulation and the degree of vasodilating activity of the local
anesthetic, the number of molecules released by liposomes may not be sufficient
to increase the duration of pulpal anesthesia.

The anesthesia onset is influenced by the pH of the solution. In theory, the
formulation with lower pH should result in a higher proportion of charged molecules
that are unable to cross the axon membrane and reach the sodium channel,
leading to a slower onset of anesthesia. In the present study, however, no
differences regarding the onset of anesthesia were observed among the
formulations (prilocaine/felypressin — pH=4.3; liposomal prilocaine — pH=6.5; plain
prilocaine — pH=5.2), except for lateral incisor. The same profile was also observed
for mepivacaine (Téfoli et al., 2008) and ropivacaine (Franz-Montan et al., 2009)
after maxillary infiltration (canine buccal fold) of liposomal, plain and
vasoconstrictor containing local anesthetic formulations. The pH ranges of
anesthetic formulations used in these studies were similar to the ones observed in
the present study. It is possible that the slow injection speed (1mL per minute) and
the time for the first pulp testing (2 minutes after injection) could have provided
sufficient time for anesthetic buffering by the tissues, inducing similar anesthesia
onset among the tested formulations.

The slow injection could also explain the absence of differences among the
formulations concerning injection pain, despite the differences in pH values. As
shown by Collins et al. (1997) VAS scores above 3 should be considered as
moderate pain. Thus, in the present study VAS scores ranged from mild to
moderate pain. These results are in agreement with Meechan & Day (2002), who
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found 50% of the volunteers reporting moderate pain after buccal infiltration of
lidocaine with epinephrine. The range of VAS scores found in the present study is
also similar to the ones observed by Téfoli et al. (2007).

This first evaluation of anesthetic efficacy of prilocaine encapsulated in
unilamellar vesicles (400nm) in pulpal anesthesia, in humans, showed no
advantages of this formulation over the commercial solution of prilocaine with
felypressin, despite the improvement in anesthetic efficacy observed in animal
studies (Cereda et al., 2004; Cereda et al., 2006).

Conclusion

Liposomal prilocaine presents similar anesthetic efficacy in relation to plain
prilocaine and lower efficacy in comparison to prilocaine with felypressin in
maxillary infiltration. Prilocaine does not seem to benefit from liposomal

encapsulation.
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CONCLUSAO

A eficacia anestésica da prilocaina, em técnica infiltrativa, ndo foi alterada
pela encapsulacdo em lipossomas, mantendo-se menor que a da formulagdo
comercial, associada a felipressina. Desta forma, ndo ha vantagem clinica nesse

tipo de formulagéo.
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ANEXO 1

INFORMAGAO CCPG/002/06

Tendo em vista a necessidade de revisdo da regulamentacdo das normas sobre o formato
e a impressdo das dissertacbes de mestrado e teses de doutorado e com base no
entendimento exarado no Parecer PG n°® 1985/96, que trata da possibilidade do formato
alternativo ao ja estabelecido, a CCPG resolve:

Artigo 1° - O formato padrdo das dissertacbes e teses de mestrado e doutorado da
UNICAMP deverdo obrigatoriamente conter:

|. Capa com formato (nico ou em formato alternativo que devera conter
informacoes relativas ao nivel (mestrado ou doutorado) e a Unidade de defesa,
fazendo referéncia a4 Universidade Estadual de Campinas, sendo o projeto
grafico das capas definido pela PRPG.

Il. Primeira folha interna dando visibilidade & Universidade, a Unidade de defesa, ao
nome do autor, ao titulo do trabalho, ao namero de volumes (quando houver
mais de um), ao nivel (mestrado ou doutorado), a area de concentracédo, ao
nome do orientador e co-orientador, ao local (cidade) e ao ano de depdsito. No
seu verso deve constar a ficha catalografica.

lll. Folha de aprovacdo, dando visibilidade & Comissdo Julgadora com as
respectivas assinaturas.

IV. Resumo em portugués e em inglés (ambos com no maximo 500 palavras).

V. Sumdrio.

VI. Corpo da dissertacdo ou tese dividido em topicos estruturados de modo
caracteristico a area de conhecimento.

VIl. Referéncias, formatadas segundo normas de referenciamento definidas pela
CPG da Unidade ou por critério do orientador.

VIIl. Todas as paginas deveréo, obrigatoriamente, ser numeradas, inclusive paginas
iniciais, divisbes de capitulos, encartes, anexos, etc... As paginas iniciais
poderdo ser numeradas utilizando-se algarismos romanos em sua forma
minuscula.

IX. Todas as paginas com numeracdo “impar’ serdo impressas como “frente” e
todas as paginas com numeracao “par” serdo impressas como “verso”.

§ 1° - A critério do autor e do orientador poderdo ser incluidos: dedicatoria;
agradecimento; epigrafe; lista de: ilustracdes, tabelas, abreviaturas e siglas, simbolos;
glossario; apéndice; anexos.

§ 2° - A dissertacdo ou tese devera ser apresentada na lingua portuguesa, com excecao
da possibilidade permitida no artigo 2° desta Informacéo.

§ 3° - As dissertacdes e teses cujo conteudo versar sobre pesquisa envolvendo seres
humanos, animais ou biosseguranca, deverdo apresentar anexos o0s respectivos
documentos de aprovacéo.

Artigo 2° - A critério do orientador e com aprovacdo da CPG da Unidade, os capitulos e
os apéndices poderdo conter copias de artigos de autoria ou de co-autoria do candidato,
ja publicados ou submetidos para publicagdo em revistas cientificas ou anais de
congressos sujeitos a arbitragem, escritos no idioma exigido pelo veiculo de divulgacéo.
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§ Unico - O orientador e o candidato deverdo verificar junto as editoras a possibilidade de
inclus@o dos artigos na dissertacao ou tese, em atendimento a legislacdo que rege o
direito autoral, obtendo, se necessaria, a competente autorizacdo, deverdo assinar
declaracdo de que ndo estdo infringindo o direito autoral transferido a editora.

Artigo 3° - Dependendo da area do conhecimento, a critério do orientador e com
aprovacdo da CPG da Unidade, a dissertacdo ou tese poderd ser apresentada em
formato alternativo, desde que observados os incisos |, Il, Ill, IV, V e VII do artigo 1°.

Artigo 4° - Para impressdo, na grafica da Unicamp, dos exemplares definitivos de
dissertacoes e teses defendidas, deveréo ser adotados os seguintes procedimentos:

§ 1° - A solicitacdo para impressdo dos exemplares de dissertacdes e teses podera ser
encaminhada a grafica da Unicamp pelas Unidades, que se responsabilizardo pelo
pagamento correspondente.

§ 2° - Um original da dissertagdo ou tese, em versao definitiva, impresso em folha
tamanho carta, em uma s6 face, deve ser encaminhado a gréﬁca da Unicamp
acompanhado do formulario “Requisicdo de Servicos Graficos”, onde conste o numero de
exemplares solicitados.

§ 3° - A gréafica da Unicamp imprimird os exemplares solicitados com capa padrdo. Os
exemplares solicitados serdo retirados pelas Unidades em no maximo, cinco dias uteis
para impressao preto e branco e 10 dias Uteis para coloridas.

§ 4° - No formulario “Requisicdo de Servicos Graficos” deverao estar indicadas as paginas
cuja reproducdo deva ser feita no padrdo “cores” ou “foto”, ficando entendido que as
demais paginas devam ser reproduzidas no padrao preto/branco comum.

§ 5° - As dissertagles e teses serdo reproduzidas no padrao frente e verso, excecao feita
as paginas iniciais e divisdes de capitulos; dissertacdes e teses com até 100 paginas
serdo reproduzidas no padrdo apenas frente, excecdo feita & pagina que contém a ficha
catalografica.

§ 6° - As paginas fornecidas para insercao deverao ser impressas em sua forma definitiva,
ou seja, apenas frente ou frente/verso.

§ 7° - O custo, em reais, de cada exemplar produzido pela grafica sera definido pela
Administracdo Superior da Universidade.

Artigo 5° - E obrigatéria a entrega de dois exemplares para homologagao.
Artigo 6° - Esta Informacdo entrara em vigor na data de sua publicacdo, ficando
revogadas as disposicOes em contrario, principalmente as Informactes CCPG 001 e

002/98 e CCPG/001/00.

Campinas, 13 de setembro de 2006
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