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RESUMO

O carcinoma de células escamosas (CCE) é o tumor mais prevalente da
cavidade oral. A lidocaina tem demostrado atividade antiproliferativa e citotoxica em
varios tipos celulares, porém sua utilizacdo é limitada pela rapida dispersao.
Carreadores como as ciclodextrinas podem aumentar a biodisponibilidade e diminuir
a toxicidade de farmacos. Este estudo avaliou os efeitos da lidocaina livre (lido) e
complexada com 2-hidroxipropil-B-ciclodextrina (HP-B-CD-lido) sobre a viabilidade
celular (VC) e proliferacao de células (PC) de carcinoma de células escamosas de
lingua humana SCC9 e SCC25. Estas células foram expostas a lido e HP-B-CD-lido,
com concentracao variando de 40 a 4000 uM. VC foi avaliada pelo teste de reducao
do MTT e PC pelo método da sulforrodamina B. Células ndo tratadas e tratadas com
doxorrubicina constituiram os grupos controle negativo e positivo, respectivamente.
Os dados foram submetidos a analise de regressdo nado linear (a=5%). Ambas
formulacdes afetaram a VC e a PC das células SCC9 e SCC25. O efeito citotdxico da
lidocaina foi potencializado pela HP-B-CD-lido (4000 pM) nas duas linhagens
celulares. Lido e HP-B-CD-lido (4000 uM) reduziram (p<0,05) a viabilidade das células
SCC9 para 83% e 63%, respectivamente, e da linhagem SCC25 para 71% e 44%,
respectivamente. Lido (4000 uM) reduziu a proliferacdo de SCC9 e SCC25 para 39,5%
e 28,7%, respectivamente. A doxorrubicina diminuiu VC e PC nas duas linhagens em
concentracao inferior as de lido e HP-B-CD-lido (p<0,001). A lidocaina demonstrou
promover beneficios terapéuticos ao tratamento do carcinoma de células escamosas

e a HP-B3-CD-lido potencializou a citotoxicidade da lidocaina.

Palavras-chave: 2-Hidroxipropil-B-ciclodextrina; Lidocaina; Carcinoma de células

escamosas.



ABSTRACT

Squamous cell carcinoma (SCC) is the most prevalent tumor in the oral
cavity Lidocaine has been shown antiproliferative and cytotoxic effects on various cell
lines. Its use is limited by its rapid dispersion to the tissues. Drug carriers such as
cyclodextrins can improve bioavailability and reduce drug toxicity. This study evaluated
the effects of plain lidocaine (lido) and lidocaine complexed with 2-hydroxypropyl-3-
cyclodextrin (HP-B-CD-lido) on squamous cell carcinoma SCC9 and SCC25 viability
(CV) and proliferation (CP). These cells were exposed to lido and HP-B-CD-lido, in
concentrations ranging from 40 to 4000 uM. CV was evaluated by MTT reduction test
and PC by sulforhodamine B test. Negative and positive control groups were,
respectively, non treated cells and cells treated with doxorubicin. The results were
submitted to non linear regression (non fit) (a=5%). Both formulations reduced viability
and proliferation of SCC9 and SCC25 cells. The cytotoxic effect of lido was
potentialized by HP-B-CD-lido (4000 uM) in both cell lines. The viability was reduced
(p<0.05) by lido and HP-B-CD-lido (4000 uM) to 83% and 63% for SCC9, and to 71%
and 44%, for SCC25, respectively. Lido (4000 uM) reduced proliferation of SCC9 to
39.5% and of SCC25 to 23.7%. Doxorubicin reduced CV and CP of both cell lines at
lower concentrations in comparison to lido and HP-B-CD-lido (p<0.001). Lidocaine may
provide therapeutic improvement to the treatment of squamous cell carcinoma; the

complexation with HP-B-CD potentialized lidocaine effects.

Keywords: 2-hydroxypropyl-B-ciclodextrin; Lidocaine; Squamous cell carcinoma.
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1 INTRODUCAO

A ocorréncia de tumores na cavidade oral é frequente, situando-se entre os
dez locais mais afetados do organismo. De acordo com o Instituto Nacional do Cancer
(INCA, 2018), a estimativa de novos casos de cancer na cavidade oral é de 10,86 a
cada 100 mil entre os homens e de 3,28 a cada 100 mil entre as mulheres, ocupando
a quinta e a décima segunda posi¢cées de ocorréncia, respectivamente, para cada

género.

Dentre os tumores incidentes na cavidade oral, o0 mais comumente
encontrado, o carcinoma de células escamosas (CCE) ocorre em propor¢ao acima de
90% (WARNAKULASURIYA, 2009), sendo a porcao lateral da lingua o local mais
afetado (Nobrega et al., 2018).

Entre os fatores de risco para a doencga incluem-se infec¢des por HPV,
radiacao solar e uso de tabaco e alcool, ndo podendo ser negligenciados os fatores
genéticos (Brener et al., 2007; Andrews et al., 2009). O tamanho do tumor e a
ocorréncia de metastases nos linfonodos cervicais sao fatores importantes, que

afetam negativamente o progndéstico (lype et al., 2008; Nobrega et al., 2018).

A escolha do tratamento para o CCE depende do estadiamento da doenca
e inclui, na maioria dos casos, a cirurgia (incluindo ou ndo a dissec¢ao do pescoco,
visando eliminar possiveis metastases nos linfonodos desta regido), seguida ou nao
de quimioterapia ou radioterapia (Brener et al., 2007; Ding et al., 2018). A taxa de
sobrevivéncia de pacientes diagnosticados com CCE tem se mantido constante nos
ultimos 30 anos, ao redor de 50% (Nbbrega et al., 2018) ou abaixo deste valor (Le
Campion, 2017), o que mostra a necessidade de técnicas e medicamentos
alternativos na abordagem desta doenca.

Neste sentido, tém sido estudados os efeitos antiproliferativos e pré-
apoptéticos de compostos de origem natural (Hoornstra et al., 2018) e, ainda, de
substancias sintéticas, como os anestésicos locais (Zhang et al., 2017). Estes ultimos
constituem o grupo de medicamentos mais utilizado na odontologia e em cirurgia
regional. S&o utilizados na remoc¢ao de tumores de cabecga e pescoco (Kobayashi et
al., 2012), e seu uso tem sido associado a redugao da incidéncia de metastases (Wada
et al., 2007) e aumento da sobrevida, 0 que poderia estar relacionado aos efeitos
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secundarios promovidos pela acao anti-inflamatéria, diminuindo assim a proliferacao

e migracao das células tumorais (Chamaraux-Tran & Piegeler, 2017).

A lidocaina, um anestésico local classificado como amino-amida, tem
demonstrado efeitos inibitorios sobre varios tipos de células tumorais (Sakaguchi et
al., 2006; Perez-Castro et al., 2009; Chamaraux-Tran, 2017; Zhang et al., 2017;
Bundscherer et al., 2017), além de potencializar o efeito de farmacos usados no
tratamento de tumores, como relatado por Yang et al. (2018), em tumor da bexiga
urinaria. De importancia clinica é o fato de que os efeitos antitumorais exercidos pela
lidocaina sdo obtidos com concentragcées normalmente utilizadas em procedimentos

cirargicos (Mammoto et al., 2002).

Entretanto, por permanecer por curto periodo de tempo no local injetado,
sua acao é consideravelmente curta quando comparada a anestésicos de acao longa,
como a bupivacaina. Na obtencéo de bloqueio de fibras sensitivas para promocéao de
anestesia ou para controle de dor, seu tempo de acdo pode ser aumentado por
vasoconstritores (Andrade, 2014). Além dos vasoconstritores, também tém sido
estudadas substéncias carreadoras de drogas, as quais permitem melhorar as
propriedades farmacocinéticas e biofarmacéuticas (de Paula et al., 2010).

Dentre os carreadores de drogas, as ciclodextrinas tem se mostrado
bastante promissoras. Ao promover a liberacdo mais lenta dos farmacos, as
ciclodextrinas contribuem para diminuir sua toxicidade, além de melhorar a
biodisponibilidade (de Araujo et al., 2007). Em acréscimo a estabilizagdo de farmacos
(como a cetirizina, por exemplo) e o aumento da solubilidade promovida pelas
ciclodextrinas também pode contribuir para o aumento da biodisponibilidade
(Paczkowska et al., 2018).

As ciclodextrinas sdo compostos ciclicos obtidos a partir da hidrélise do
amido, os quais podem apresentar seis, sete ou oito unidades de glicose unidas por
ligacGes a-1,4. De acordo com a quantidade de unidades de glicose as ciclodextrinas
sado classificadas em o (seis unidades), B (sete unidades) e y (oito unidades).
Apresentam a forma de um semi-cone ou cone truncado, sendo o seu interior
hidrofébico e o exterior hidrofilico; desta forma, conseguem carrear drogas com
carater hidrofobico, aumentando sua solubilidade em agua (Mura, 2014).
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As B-ciclodextrinas tem atraido interesse por serem menos toxicas que as
demais e foram liberadas para uso oral e por via infiltrativa pela agéncia que regula
medicamentos e alimentos nos Estados Unidos, a Food and Drug Administration -
FDA (de Paula et al., 2012). Estas ciclodextrinas tém sido utilizadas para complexar
diversos tipos de farmacos (Dollo et al., 1998; Liu et al., 2006; de Araujo et al., 2007;
Eida et al., 2011; Ma et al., 2012; Liu et al., 2014; Wang et al., 2014; Han et al., 2014;
Zhang et al., 2016).

Foi demonstrado por Moraes et al. (2007) que a 2-hidroxipropil-p-
ciclodextrina é eficaz em formar complexo de inclusdo estavel com a lidocaina, além
de apresentar alta hidrossolubilidade. Os resultados deste estudo, aliados aos
daqueles que demonstraram efeito antitumoral da lidocaina, levaram a hipétese de
que a lidocaina poderia exercer este mesmo efeito contra o carcinoma de células
escamosas e de que a complexacdo da lidocaina com 2-hidroxipropil-B-ciclodextrina

poderia aumentar este efeito.

Desta forma, este projeto buscou avaliar os efeitos in vitro da lidocaina livre
e no complexo de inclusdo 2-hidroxipropil-B-ciclodextrina/lidocaina sobre a viabilidade
celular e atividade antiproliferativa em células de carcinoma de células escamosas de
lingua humano das linhagens SCC9 e SCC25.
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2 ARTIGO: EFFECTS OF LIDOCAINE AND THE INCLUSION COMPLEX WITH 2-
HYDROXYPROPYL-B-CYCLODEXTRIN ON CELL VIABILITY AND
PROLIFERATION OF ORAL SQUAMOUS CELL CARCINOMA

Artigo publicado em: J Pharm Pharmacol. 2018 Jul;70(7):874-882. doi:
10.1111/jphp.12917. (Pemisséo para inclusdo do artigo neste Trabalho

de Conclusao de Curso: Anexo 2).

O estudo desenvolvido por Gabriela Bessa Marconato Antunes para o
presente Trabalho de Conclusdo de Curso constitui a parte do artigo referente a
cultura de células SCC9 e SCC25 e avaliacdo das formulacdes de lidocaina livre € no
complexo de inclusdo 2-hidroxipropil-B-ciclodextrina/lidocaina sobre a viabilidade

celular e atividade antiproliferativa destas células.
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Introduction

Abstract

Objoctives Squamous cell carcinoma {5CC) is a malignant disease that affects
the oral cavity. Lidocaine has shown antiproliferative and oytotoxic actaty on
several cell types. The rapid dispersion 15 a linmtation issue; however, the com-
plexation in cyclodextrin improved pharmacological features and modified the
drug release. This study investigated the effects of lidocaine (lido} complexed
with Z-hydroxypropyl- f-cvclodextrin (HP-f-CD-lido) on cell viability and pro-
liferation of human tongue squamous cell carcinoma SCC% and SCC25.

Methods The complex formation was confirmed by differential  scanning
calorimetry (DSC) and scanming electron microscopy (SEM). Cells SCCS and
SCEES were exposed to bdo and HP-F-CD-lido (404000 pa ), and the effects on
cell viability (MTT) and antiproliferative activity (SREB) were tested.

Key findings Differential scanning calorimetry and SEM results demonstrated
the oocurrence of host-guest interaction. Lido and HP-f-CD-lido (4000 pos) sig-
nificantly reduced the viability of SCC9 cells to 3% and 63%, respectively. The
viahility of 5CC25 treated with lido, and HE-f-CD-lido (4000 ) was 71% and
44%%, respectively. Lida (4000 pa) reduced the profiferation of 5CC% and SCCI5
to 39.5% and 23.7%, respectively. HP-F-CD-lido (4000 pa) was ovtotoxic for
both cell lines.

Conclusions HP-P-CI} was able to potentiate the i wtre cytotoxic effects of
lidocaine on human squamows cell carcinoma.

dm‘c]apcd.lﬁ.' Local anaesthetics (LA} may be useful during
the treatment of O5CC. The amphiphilic nature of LA

Sguamous cell carcinoma (5CC) represents about 0% of
all malignandes in the oral ravit].r.!” The lower lip is the
most comimon anatomical site for oral SCC. [n the intrao-
ral region, the lateral border of the tongue has higher inci-
dence rates.™! The occurrence of oral squamous cell
carcinoma {O5CC) in the tongue can lead to metastasis to
regional lymph nodes, which s one of the most impartant
prognoses for patient su rvival.** In an atrempt to reduce
O3CC mortality, new surgical techniques and therapeuatic
strategics with chemotherapeutic  apents  have  been

allows the distnbuotion across the cellular membranes,
modulating several celliular pathways even in lower concen-
trations than those required to block sodium channels.!™#!
Local anaesthetics are often administered in the adjacent
tissue during tumour surgerics. in the head and neck
n:'ginn.'l’} The wse of LA has been shown to reduce metasta-
sis and tumour reoccurrence.' Lidocaine is an amino
amide-type local anassthetic most commonly used in medi-
cal amd dental practice. It has been able to inbabit thee inva-
sion of cancer cells at the concentrations used in surgical

B4 @ 2018 Rayal Fharmaceutical Sodety, Sournal of Sharmacy and Phermacmiogy, T (20783, pp. B74-842
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procedures. ! The topical use of lidocaine for pain relicf
can also reduce the proliferation of cancer cells in tongue
tumounr.' '

However, the therapeutic action of lidocaine is limited
by a short time of action, due to its fast dispersion from the
injection site.'* The association with drug delivery systems
allows the manipulation of pharmacological and biophar-
maceutical properties of LA ¥

Cyclodextrins (CD) are able to form indusion complexes
with a wide variety of molecules, leading to modified drug
release, changes in solubility and other physicochemical
prﬂ]:lcrti.c-s.im! Cyclodextrins are cyclic olignsaccharides
praduced by enzymatic hydrolysis of the starch, constituted
by six {o-CL¥, seven (f-CD) or eight (y-C0) p-plucose
monomers linked by a-1.4-glucose bonds.""™! The shape of
cyclodextrin molecules resembles truncated cones, with a
bydrophobic internal cavity and a hydrophilic outer sur-
face. '8

The complexation of LA in cyclodextrins provides
pharmacological improvements and therapeutic bene-
fits, by slowing the drug release, increasing anaesthetic
duration, and reducing its tcxici!}'.“g'x'l The 2-hydro-
xypropyl-f-cyclodextrin (HP-B-CDY 15 & hydroxy-alky
lated P-CD denvative with excellent aqueous solubility
and satisfactory inclusion capacity, which has demon-
strated the ability to form a stable complex with lido-
caine. 12322

The main hypothesis of this study is that idocaine exerts
cytotoxic effects on oral squamous cell carcinoma. This
cffect is probably improved by its complexation with HP-
f-CD. Thus, this study aimed to evaluate the i vifre effects
of the lidocaine and hdecaine complexed with HP-(-CD
(HP-A-CD-lido) on the cell viahility and proliferation of
two human tongue squamous cells carcinoma (5CC and
S350,

Materials and Methods

Reagents

Lidocaine hydrochloride, Dulbecco’s modified Eagle's
medium/Nutrient  Mixture FE-12 Ham (DMEM/F12),
glutamine, sulforhodamine B, hydrocortisone, HEPES
buffer, penicillin-streptomycin and  gentamicin were
purchased from Sigma-Aldrich {5t Louis, MO, USA)
The 2-Hydroxypropyl-f-crclodextrin was  purchased
from Roguettes Serv. Tech. Lab {Lestrem, France), and
doxorubicin  was obtained from Cayman Chemical
{Ann Arhor, MI, USA). Fetal bovine serum  (FBS),
(.25% trypsin with 0.3 ma EDTA, trypan blue and
MTT salt (1-(4,5-dimethylthiazol-2-y1}-3,.5-diphenylfor-
mazan| were purchased from Life Technologies (Carls-

bad, CA, USAL
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Preparation of the HP-}-CD-lido inclusion
complex (HP-}-CD-lido)

The solid inclusion complex was prepared following the
protocols proposed by Dollo e al'* and Loftsson & Mas-
son.! Briefly, Z-hydroxypropyl-f-cvclodextrin (HE-f
-C[) and the lidocaine hydrochloride (lido) were added ro
detonized water in a 1 ¢ 1 molar ratio. The solution was
shaken for 24 h at room temperature to reach equilibrium,
followed by freeve-drying Ivophilization and storage at
—20°C. HP-B-CD-lide complex was  resuspended  in
DMEM/FIZ medium supplemented with FBS and antibi-
atics for the cytotoxicity assays. Before use, the solution
was sterilized by filtration in membranes with 022 pm

pore {TEP).

Differential scanning calorimetry (D5C)
The DSC method is based on the determination of the heat

invalved in the exothermic and endothermic transitions. !
5 analysis was performed following the protocol of Silva
et al ! The sample was tested in a DAC Q20 (TA [nstro-
ments, Mew Castle, DE, USA) equipped with a cooling sys-
tem, under a nitrogen flux of 50 mlfmin and 10°Cfnan and
a heating rate ranging from 5 to 400°C. Indium was used to
calibrate the temperature, and 3 mg of the lido, HP-[{-CI3,
HP-f-CD-lido or the physical mixture of lido and HP-fi

-C0 were placed in aluminium pans at the sample com-
partment. An empty pan served as reference.

Scanning electron microscopy (SEM)

To evaluate possible structural changes in the crystals after
complexation, frecze-dried samples of lido, HP-[-CE, HP-
f-CO-lido and the physical mixture were fived on alo-
minium stubs with double-sided carbon tape. The samples
were metallized with gold in a sputter coater {Bal-Tec
SCOH50 Sputter Coater, 5P, Braal) under & vacuum for
1200 5. Images were analysed in the Scanming Electron
Microscope (Jeol, [SM S800LY, fapan) in the secondary
clectrons mode with 15 kY acceleration.

Cell culture

Immaortalized human tongue squamows carcinoma cells
from SCC9 and SCC235 lines were cultured i DMEM/(F12
medinm  supplemented with 109 FBS and 400 ng/ml
hydrocortisone,  penicillin (100 Udml),  streptomycin
(100 p'ml) and gentamycin (10 pgiml). Cells were grown
in tissue culture plates (61 cm”) under humidified atmo-
sphere at 5% C0./95% air, 37°C. Treatment with 0.25%
trypsin and 0.5 pst EDTA was used to transfer the eclls o
the S96-well tissue plates or to duplicate the cell culture.

@ 1018 Royal Pharmaceutical Sadiety, Joumal of Phamacy and Pharmacclogy, 70 (2015, pp 874-802 B75
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Expeniments were performed using approximately 808 of
confluence.

Experimental conditions

SCCY and 5CC25 cells were washed with prewarmed PRS
(37°C) and detached with 0.23% trypsin and 0.5 pu
EDTA. Then 5 = 10° collsfml were transferred to the
Af-well tissue plates and incubated at 37°C in 5% CO,
for 24 h. Cells were cxposed to treatments with lido or
HP-(-CD-lido diluted in supplemented DMEM/F1Z at
concentrations ranging  from 40 to 4000 pust.) 2 The
exposition periods for cell viability and antiproliferative
assays were 24 and 48 h, respectively.  Doxorubicin
hydrochlonde was wsed as positive control at concentra-
tons of 0043 to 430 ps, equivalent to 0025 to 230 pgl
mi; =} Megative control included untreated oclls grown
in the supplemented DMEMF12, The effects of 4000 pu
HP-f-CD without lidocaine were also tested; all experi-
ments were performed in triplicates.

Cell viability assay

After incubation with Edocaine formulations, the cell via-
hility was measured by MTT reduction. Bricfly, the wells
were washed with prewarmed FES (pH 7.4), and then
200 pl of DMEMF1Z with 0.5 mgfml MTT sodium salt
was added. The plates were incubated for 4 h to MTT
reduction. The medium was removed, the cells were
washed with PBS again, and 100 pl of absolute ethanol was
added to each well to dissolve the formazan crystals. Opti-
cal density was measured using a microplate reader set at
450 nm wavelength.

Effects on cell proliferation by the
sulforhodamine B test (SRB)

The assays were performed according to the model for ant-
cancer drugs developed by Mational Cancer Institute NCIS
WIH (Frederick, Wa, USA). Cells were grown as previously
described and exposed to lido, HP-F-CD-lido and doxoru-
hicin formulations. Part of the cells was fixed wath 10% to-
chloroacetic acid (TCA), forming a control group tme O
(Ta} without cell growth. The plates were incubated for
48 h at 37°C. Then, the cells were fixed with 10% TCA and
staimed with 4% SEB in 1% acetic acid. The SKEB bound to
the cells was solubilized with 150 yl of 10 ps Triz base (pH
10.3}. The absorhance was measured in a microplate reader
sct at 513 nm wavelength.

The absorbance values from time © (T}, control group
() and treatments {Tx) were used to calculate the percent-
age of cell growth with the formula: (1 — (Tx — Tlf
(C = Ty} x 1009a).*
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Statistical analysis

All of the data was tested for normal distribution {Shapino—
Wilks'" test} and variance homoscedasticity (Levene’s test).
The data was analysed using the analysis of variance
(ANOVA) followed a post hoc analysis by Tukey's test. The
t-test was applied to the in witro release data. Nonlinear
regression analysis (nonlin fit) was used to observe the cell
viahility and proliferation. All analyses were performed using
the Biostat™ 5.0 (Mamiraud Institute, PA, Bragl) and
GraphPad Prism 6.0 (GraphPad Software, Inc., La Jolla, CA,
U5 ) software. Sipnificance [evel was set at 5% (2 = 0.05).

Results

Differential scanning calerimetry

Representative DSC thermograms related to the rate of
heat  absorbed by lido, HP-p-CIy  HP-B-CD-lido

Heat flux (Alg)

' e
i
i

L ___"'-ul i = i
:. | _ﬂ\_\\_&\_f— Physizal mxiurs “

I-I i 1 i L i | i 1 |
4] 100 200 a0 400

Temperature {7C)

Figure 1 D3C thermograms of Sdocaine (LOC), 2-hydrosypropyl-f-
cytlodextrin (HF-f-CD), HP-P-CD-hoo (Complex) and physical mixture
of lido and HP-[-CD (Fhysical mixiure). DSC, differsntial scanning
calanirmatry.

&76 © 2018 Royal Pharmaceutical Socesy, Journal of Phammacy and Phermacaloqy, T (2008}, pp. B74-882
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complex and the physical mixture are shown in Fig-
ure 1. Lido showed an endothermic peak at 80.2°C, cor-
responding to the melting point of this drug and
another peak at 252.3°C related to thermal degradation.
HP-p-CI} presented large cndothermic peak with maxi-
mum at [01.4°C, indicating  the release of the water
maolecule present in the CI) cavity and another charac-
teristic endothermic peak at 330.2°C . corresponding to
the HF-PB-CD melting point.'=*!

The thermogram of the physical mixture shows beo
endothermic peaks related to lido and HP--CD molecules.
In contrast, these peaks are absent in the thermogram of
the complex { HP-[-CI indicating that lidocaine is present
in the HP-[-CI} cavity. These results serve as evidence for
the formation of HP-B-CIx-lido complex. showing that the
complexation method was adequate.

Morphology

Scanning  electron microscopy  (SEM)  images of the
arrangements and morphological aspects of lido, HE-f-
CD, HP-f-CD-lido and physical mixture are shown in Fig-
ure 2. Figure 2a and Zb show typical crystals of lidocaine
and HP-§-CD, which are found in different sizes, respec-
tively. There are changes in the structure of the HE-F-CD
-lido due to the interaction between the two molecules. The
phvsical mixture revealed some similaritics with the crystals
of the free molecules. Thus, the SEM provides more
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cvidence of the complex formation between hidocaine and
HEP-B-Cir-lido as previcusly reported for rnpit’scainc.m'

Effects of lidocaine formulations on cell
viability

The effects of lidocaine formulations on the vability of
SCCY and 5CC25 cells are presented in Figure 3. Nonlin-
car regression analysis (nonlin fit) showed that doxore-
bicn leads to a significant decrease (P < 0.0001) on cell
viahility in lower concentrations than the lidocaine for-
mulations - i both  cells.  HP-B-CD-lido  significantly
reduced cell viability in comparison with lidocaine in the
S0 and SCC25 cells.

The 5CC25 cells were more susceptible to the treat-
ments. The half-maximal effective concentration SO
{ECzp0,) for doxerubicin in SCC2 and SCC25 cells were
321w (SEM 20227 and 088 pu {SEM L0.037),
respectively. Treatment with 4000 py lido reduced the
cell viability of SCCY cells to §3%, while HP--CD-lido
reduced the cell viability to 63% at the same concentra-
tion (Figure 3a). In 5CC25 cells, 4000 yw lido reduced
cell wiability to 71%, and HP-B-CD-lido to 44% (Fig-
ure 3b}. A treatment with 4000 pa HP-B-CDowas also
tested. Vizbility of SCCY and SCC25 cells showed means
of #1.6% and 93.6%:. respectively. Thus, the increased
cytotoxicity induced by the HP-F-CD-lido may relate to

a synergism between the two molecules.

Flgure 2 Acanming electron microscopy images of lidocaine (), HP-f-C0 {b), HP-J-CO-ldocane (ch and physicat meaure of hdocaine and HP-f-

COfd)
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Effects of lidocaine formulations on cell
proliferation

The results of the i virre antproliferative activity for SCC
and SCCZ5 cells are shown in Figure 4. Doxorubicn
showed the highest antiproliferative activity in both of the
cell lines. HP-B-CD-lido significantly increased the antipro-
liferative activity in relation to [ido for SCC9 (P = 0.0090)
and 5CC25 (F = 0.0001) cells. The half-maximal inkibitory
concentration {1, ) values are shown in Table 1.
Antiproliferative effects m 5CCH and 5CC23 cells were
observed at 22000 ps for both lidocaine formulations. Simi-
lar to the cell viability results, 5CC25 showed to be more
susceptible to the effects of the treatments on cell prolifera-
tion. The 5CCY proliferation was reduced too 39.5% after
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treatment with 4000 pw lido. HP-B-CD-lide at this con-

wonlativwn lad a t}-luluai.-l. -|.'.|T|:|_L. mn owloels tlee snuaulees ol
cells was reduced to a value below TO (Figure 4a).
Treatments with lide at 2200 and 4000 pv reduced the
SCC25 proliferation to 53.4% and 23.7%, respectively. HE-
[-CD-lido ar 2200 pm reduced 5CC25 proliferation to
56.4%, and a cytotoxic activity was observed with 4000 s
HP-f-CD-lido {Figure 4h). A treatment with 000 pa HP-
f-CD did not show any ditferenee in the 3CC9 and SCC25

profiferation rate in comparison with control group.

Discussion

Local anaesthetics have a broad spectrum of pharmacologi-
cal actions, Experimental studies in murine models of

i) SCC9
120 - ~* Lidocaine -+ HP-[-CD-hdo -=- Doxorubicin HP-3-CD
110
8 1)1 R — ----——aru'g.": atal w
_ % e ——
ﬁ, g0 E - _:'—‘\"t!#
= T
= &0
8 soi i -
= 40
S
20
10
.u .
-10
o 043 4 220 43 2200 4000
Concardration {im)
i SCC25
jop - =* Lidocaineg — HP-F-CD-kdo == Doxorubicin HP-}-CD
S —_ it
£ '
=
E ..................
2 %
&
. __q.*_ -—“----__—4 T
0 043 40 20 430 2200 4000
Concentratian ()

Figqure 3 ability {mean £ SEM) of SCCY (2) and SCCES () cells after 24 h exposure to different concentrations of bdo, HP-[-C0-4do and dox-

orubicin. Y-axe = call viability m %% melatve to the control croup. X-a
batwesn treatmenis and the conteol group (100%. cell viabdity); P =<
b vigwed at wileponimalibrany.com|

BT8R

xis = log of the dug concentration (pes). Nonbin fit (dotted linel; +# < 001
0.0 between 3000 wa lido and 000w HP-B-CD-lido. [Colour figure can

£ 2078 Rayal Prarmaceutical Secety, fournal of Phamacye and fharmacalbogy, FO2015) pp. B74-082
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{a) SCCY

== Lidocaine -+ HP-B-CD-ido == Doxorubicin

HP-B-GD

Cell growrh (36)

0 043 4 20 430 2200 4000
Concentration {jwm)
SCC25
tl i i g P
{ hm. ==~ Lidocaine == HP-B-CO-Hide == Daoxorubicin HP-3-CD
120 4
100 3-..
ol
=5
5L
o204
o
g o
-20
g
&l e e e
0 043 40 220 430 200 4000
Concentration (pe)

Flgure 4 Antiproliferative effects (mezn L SEM) of Bde, HP-FCD-Iido and dosossbicn o SCCT (8) and 3CC25 {b) cells after 48 h of axposition
ta the treatments. Y-aws = cell growth in %% relative to the control group. X-axis = log of the dreg concentration (esd. Monbin fit ddotled linel;
= 00 betwean lido and HP-P-C0-Gda for 5CC% and & = 000007 for SICC25. [Colowr fioure can be wiewed at wileyonlineEorany com)

Table 1
liferation after 45 h ekposwre 10 the treatments

The half-rmaxirnal inhibiory concentration (K, & standard errer) of domorubicin, bdo and HF-B-C0-lido on SCCS and SCC25 calls pro-

IEi 0 = standard ‘emror

el Banaribich {us) Lido {jase) HE-R-C Ol (i) Pilido = HERED-lido)
Lt 30 l;iI:l.':IS-'I:I 3832 I;L'I 'I-E\.'I_:l 133_9 (4 18060} o= 000
EEEZE 3,008 {0620l 1782 (£48.53) 1540 [L88 A1) P Ho0e1

breast cancer showed metastasis reduction with the vse of
regional anzesthesiz. ! Moreover, the use of reginnal
anaesthesia has shown benefits in patients undergoing can-
cer surgi:r}'.l?: Based on these pieces of evidence, we decided

to study the effects of idocaine and the incusion complex

@ 118 Royal Pharmaceuticz Sooety, Journal of Phasmacy and Pharmacology, 70 (2018), pp. 874-582

HP-f-Cl-lido on cell wability and proliferation in oral
squamous cefl carcinoma,

The DAC and 5EM images confirmed the hidocaine inclu-
sion into HP-B-CI molecules. When guest molecules are
included inside cyclodextrin cavities, their melting, botling

ers
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or sublimation point changes to a different temperature or
disappears in the cyclodextrin decomposition r'a.ngv:”'il
which was observed in the HP-[-CD-lido thermogram. In
addition, SEM images showed a structural alteration of the
complex in comparison with lido, HP-B-CIY and the physi-
cal mixture of these substances.

The complete characterization of the HP-B-CD-hido-
caine complex has already been demonstrated in previous
studies applying, in addition to D5C and 5EM, other
techniques such as the phase solubility study, power X-ray
diffractometry, nuclear magnetic resonance, Fourier-trans-
form infrared spectroscopy, i owifre release and others
mcthods,!*42! Dhrug delivery systems act as reservoirs
delaying the release of the local anaesthetic. Thus, the
complexation in HP-[-CD can enhance the pharmacolog-
ical properties of lidocaine, avoiding its dispersion from
the injected site. !4

Lidocaine has shown cytotoxic activity in different cell
lines i viteo 2574 In the present study, the effects of lido-
caine formulations on vizbility (MTT) and preliferation
(SEE} of SCCY and 5CC5 cells were evaluated. In tongue
cancer cclls (CAL2ZT), 400 pm lidocaine suppressed cell pro-
liferation after 72 and 120 h of exposure. Funthermore,
4000 px lidocaine induced a reduction in cell viahility after
24 h and cytoroxicity after 72 B! In another study with
OS5CC cells from the HSC-2, HSC-3, HS8C-4, MA and Ca9-
22 lines, lidocaine had a CC5p (50% cytotoxic concentra-
tion) mean of 676.6 i after exposure for 48 h'*

In general. these resolts are consistent with those
ohserved in our study, in which lidocaine formulation
exhibited relevant cytostatic and oytotoxic effects in the
range of 2200 to 4000 pu. The differences observed among
the studies can be attributed to methodological aspects
such as the time of exposure and the susceptible profile of
the cell lines.

In clinical practice, lidocaine hydrochlonde 15 adminis-
tered in concentrations ranging from 1% to 5%, approxi-

P31 plasma levels achieved after

mately 37 to 185 mai.
epidural or intravenous anaesthesia are much lower, rang-
ing from 3.5 to 17.3 pM_"M"'FI However, the concentrations
required for lidocaine formulations to develop cytotosxc
and antiproliferative effects can be achicved in some tissues,
such as the oral ones, by local injection. ™ Meanwhile, the
prolonged exposure time required for Edocaine to induce
cvtotoxic and antiproliferative effects on SCC% and 3025
cells may be a limiting factor.

Lidocaine in [ower concentration than HP-B-CD-lido
was able to reduce cell proliferation. This difference may be
related to a loss in the available drug. Probably, part of the
lidocaine molecules remained bound to HE-B-CD and did

not interact with the ccls. Moreover, the complexation of
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LA with HP-[B-CD evoles a delay on its release and also
changes the drug permeation across the membranes.! 2!
However, in the highest concentration (4000 ps), the com-
plexation with HP-B-CD potentiated lidocaine toxicity on
SCC% and 5CC25 cells. The increase in the cytotoxic effect
in cancer cells by other drugs complexed in HP-B-CD has
been described in the Literature. Recent studies using nor-
athyriol (polyphencl} and scutellarin {flavonoid) com-
plexed with HP-B-CD} showed an  enhancement in
antiproliferative activity when compared with the free
molecule in human colon cancer cells from HCTL 16, LoVo,
SW40 and HT-29 lines,***

Oraliplatin, an anticancer agent, had a twofold higher
oytotoxicity on HCT116 and MCF-7 cells (breast can-
cer] when complexed with HE-B-CD.Y The authors
attributed the cytotoxicity potentiation to the increased
solubility of the maolecules pedformed by HP-[-CD
complexation.  Interestingly, treatment with HP-B-CD
(2000 pat) alone was also able to cause a small, but sig-
nificant, reduction in the viability of 5CC% and 5CC23
cells. One of the mam HP-R-CD features is to have
low mx.i.dt}'_”:' The change observed may be related to
a high concentration of the molecule applied to an
in viire model.

Conclusion

In conclusion, docaine was successfully complexed in HP-
[-CD, the local anacsthetic showed coyvtotoxic effects on
human tongue squamous carcinoma cells (5CC9 and
SCC23), which were potentiated by HP-B-CD. The com-
plexation into HP-f-CI could be an interesting therapeu-
tc adjuvant; however, the e witro results should be
confirmed in the i o assays.
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3 CONCLUSAO

Como conclusao, pode-se afirmar que ambas as formulagées estudadas
lidocaina (Lido) e lidocaina com 2-hidroxipropil-B-ciclodextrina (Lido-HP-B-CD)
afetaram a viabilidade e a taxa de proliferacdo das células SCC9 e SCC25. A
complexacao com 2-hidroxipropil-B-ciclodextrina potencializou os efeitos citotoxicos in
vitro da lidocaina sobre SCC9 e SCC25. Destarte, embora formulagdo de
doxorrubicina (controle positivo) tenha sido a mais potente, Lido e Lido-HP-B-CD
poderiam promover beneficios terapéuticos ao tratamento do carcinoma de células
escamosas, conforme observado in vitro. Entretanto, estes resultados precisam ser

confirmados em modelos in vivo e, posteriormente, em estudos clinicos.
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