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Resumo

O ultra-som tem sido usado extensivamente nas ultimas décadas para terapias fisicas e como
promotor de penetragdo cutanea de farmacos. O uso do ultra-som como facilitador de absor¢do
cutanea € conhecido por fonoforese ou sonoforese. Os objetivos do presente trabalho foram
analisar o efeito do ultra-som sobre a permeagdo cutanea da cafeina aplicada localmente, sobre a
pele, e analisar a resposta lipolitica de adipdcitos isolados de suinos apds este tratamento. A
cafeina inibe a fosfodiesterase, que degrada o AMPc, este efeito resulta em uma potencializacdo
do efeito de agonistas lipoliticos. Tem sido relatado também que a cafeina tem um papel em
inibir o receptor de adenosina, inibindo entdo seu efeito anti-lipolitico, como conseqii€ncia, 0 uso
da cafeina leva a facilitacio da lipdlise. Para este estudo, foram utilizados suinos machos
Landrace x Large White com 35 dias e peso aproximado de 15 kg. Apds tricotomia da regido
dorsal, os animais foram submetidos aos seguintes tratamentos durante quinze dias: Gel; cafeina
(5%), CAF; ultra-som, US; ultra-som + cafeina (5%), US + CAF. Uma 5* area foi submetida a
infiltracdo intradérmica (mesoterapia) de cafeina (2%). Uma 6* drea serviu como controle € ndo
foi submetida a tratamento. Ao final dos diferentes tratamentos os animais foram sacrificados e
fragmentos de pele das diferentes areas foram retirados para andlise histolégica e 15 g de tecido
adiposo foi utilizado para isolamento de adipdcitos. Nos adipdcitos isolados foram analisadas a
producdo de glicerol frente ao estimulo do agonista 3-adrenérgico ndo seletivo, a isoprenalina. A
mesoterapia mostrou-se eficaz na reducdo da espessura da hipoderme. O ultra-som mostrou-se
importante acentuador da permeacdo cutdnea a cafeina, evidenciado tanto pelo estudo
histolégico, onde foram observadas significativas altera¢des morfoldgicas do tecido adiposo bem
como pelo aumento da resposta lipolitica mixima, em adipdcitos isolados, sem, contudo alterar a

sensibilidade dos receptores B adrenérgicos. Também realizamos andlise de permeacdo cutanea



da cafeina in vitro através de células de difusdo vertical utilizando pele de suinos machos
Landrace x Large White com 50 dias e os resultados obtidos também demonstraram uma

acentuada permeacdo da cafeina quando associada ao ultra-som terapéutico.
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Abstract

The ultrasound has been extensively used in the last decades for physical therapies and as
promoter of cutaneous permeation of drugs. The use of ultrasound as facilitator of cutaneous
absorption is knows for phonophoresis or sonophoresis. The aim of present research were to
analyze the effect of ultrasound on the cutaneous permeation of caffeine applied locally on the
skin, and to analyze the lipolytic response of isolated adipocyte of swine after this treatment. The
caffeine inhibits the cAMP-phosphodiesterase which hydrolyzes cAMP, this effect result in an
increase of the effect of lipolytic agonists. However, has been also mentioned that the caffeine is
able to inhibit the adenosine receptors, inhibiting thus effect antilipolytic, as consequence the use
of caffeine leads of the facilitation of the lipolysis. For this study, male swine were used
Landrace x Large White with 35 days and approximate weight of 15 kg. After trichotomy of the
dorsal area the animals were submitted to the following treatments, for fifteen days: gel; caffeine
(5%); ultrasound; ultrasound + caffeine (5%). A 5" area was submitted the intradermic
infiltration (mesotherapy) of caffeine (2%). A 6™ area served as control and it was not submitted
to treatment. At the end of the different treatments the animals were sacrificed and fragments of
skin of the different areas were used for histological analysis and 15 g of adipose tissue for
adipocytes isolation. The lipolytic activity was analyzed in the isolated adipocytes. The
adipocytes were incubated with agonist -adrenergic (isoprenaline) and the glycerol production
were measured. The mesotherapy was shown effective in the reduction of the thickness of the
hypodermis. The ultrasound was shown important accentuator of the cutaneous permeation to the
caffeine, evidenced so much by the histological study, where it was observed significant
morphologic alterations of the adipose tissue as well as for the increase of the maximal lipolytic

response, in adipocytes isolated, without, however to alter the sensibility of the [} adrenergic
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receptors. Also accomplished analysis of cutaneous permeation of the caffeine in vitro through
cells of vertical diffusion using skin of male swine Landrace x Large White with 50 days old and
the results obtained also demonstrated an accentuated permeation of the caffeine when associated

to the therapeutic ultrasound.



Xiii

Lista de Abreviacoes

4-AAP
AMPc
5’AMP
ANOVA
ATP
AR ou A,
AR
AR
AsR
AUC
BAR

Bi- AR
Bo- AR
Bs- AR
CAF
CEEA
ECso
ERA
ESPA

FEG

4-amonoantipirina

Adenosina monofosfato ciclica
5’ adenosina monofosfato
Analise de variancia

Adenosina trifosfato

Receptor de adenosina do subtipo 1
Receptor de adenosina do subtipo 2 a
Receptor de adenosina do subtipo 2b

Receptor de adenosina do subtipo 3

Area sob a curva
Beta-adrenoceptor
Adrenoceptor do subtipo beta 1
Adrenoceptor do subtipo beta 2
Adrenoceptor do subtipo beta 3

Cafeina

Comité de Etica em Experimentacdo Animal

Concentracdo do agonista que induz a 50% da resposta lipolitica méxima

Area efetiva de radiacio

socium N-ethyl-N-(3-sulfopropyl) m-anisidene

Fibro-edema-geldide

Proteina G inibitoria



GLD

HE

HEPES

LHS

KRBA

MHz

PEFE

PKA

US

Xiv

Lipodistrofia gindide

Proteina G estimulatdria

Hematoxilina eosina

Acido (N-[2-hidroxietil] piperazina-N’-[2-etanosulfonico])
Lipase-hormonio-sensivel

Krebs Ringer Bicarbonato adicionado de albumina

Mega Hertz
Logaritmo negativo da concentracdo do agonista que induz 50% da resposta
lipolitica méxima

Paniculopatia edémato-fibro-esclerética

Proteina Kinase A

Ultra-som

Watts



XV

Lista de Materiais

Substancia Procedéncia

Alcool etilico Allkimia Produtos para Laboratério (Sao Paulo, BR)
Balsamo do Canada Synth — Labsynth produtos para Laboratério (Diadema, BR)
Bicarbonato de sédio Reagen (Quimibras Industrias Quimicas S.A.,BR)
Cafeina Anidra Sigma Chemical Company (St. Louis, MO, USA)
Carbopol 940° Noveon Inc. (Bruxelas, Bélgica)

Cloreto de Cilcio Reagen (Quimibras Industrias Quimicas S.A., BR)
Cloreto de Potéssio Reagen (Quimibras Industrias Quimicas S.A.,BR)
Cloreto de Sodio Allkimia Produtos para Laboratério (Sao Paulo, BR)
Colagenase tipo 11 Sigma Chemical Company (St. Louis, MO, USA)
Eosina Merck SA (Rio de Janeiro, BR)

Fosfato MERSE (Sao Paulo, BR)

Fosfato bidcido de potéssio Reagen (Quimibras Industrias Quimicas S.A., BR)
Glicose Reagen (Quimibras Industrias Quimicas S.A.,BR)
Hematoxilina Merck S.A. (Rio de Janeiro, BR).

HEPES Sigma Chemical Company (St. Louis, MO, USA)
(-/+)-Isoproterenol Sigma Chemical Company (St. Louis, MO, USA)
Propilenoglicol Ind. Quimica Anastacio AS (Sdo Paulo, BR)

Soroalbumina bovina (Frag¢do V) Sigma Chemical Company (St. Louis, MO, USA)
Sulfato de magnésio Reagen (Quimibrés Inddstrias Quimicas S.A. BR)
Acetato de Sédio Triidratado Synth — Labsynth produtos para Laboratério (Diadema, BR)

Trietanolamina Vital Especialidade Cosmética (Sao Paulo, BR)



Xvi

Alcool etilico extra neutro Alcool Moreno Lt. (Guarulhos, BR)

Xilol Alquimia Produtos para Laboratério (Sdo Paulo, BR)



INTRODUCAO

Durante as ultimas décadas, muitos trabalhos tém sido realizados no sentido de
esclarecer a permeabilidade cutanea a diferentes substancias ativas. Esse tem sido um
assunto de profundo interesse para os profissionais das ciéncias farmacéuticas e cosméticas,
bem como da fisioterapia e da dermatologia.

A transmissdo transdérmica de drogas oferece uma alternativa para as vias de
administracao oral e injetdvel. Entretanto, esta aplica¢do tem sido limitada a poucas drogas
porque a pele é pouco permeadvel.

A propriedade de barreira da pele € atribuida a camada cérnea que é formada por
cornedcitos, cuja bicamada lipidica aumenta a resisténcia a transportes de fons (KOST et
al., 1989; MORIMOTO et al., 1994; BYL, 1995; MITRAGOTRI et al., 1996). Assim, o
fluxo através da pele depende da natureza quimica da substincia: farmacos lipofilicos sdao
absorvidos em toda a drea lipidica do estrato cérneo, com coeficientes de permeagdao
varidveis; enquanto que a absorcdo de farmacos hidrofilicos se dd quase que
exclusivamente por poros de passagem sendo que o coeficiente de permeacdo € quase
constante (MORIMOTO et al., 1994).

Devido a dificuldade na penetracao de drogas pela pele, agentes quimicos e fisicos
vém sendo pesquisados para que as barreiras da pele sejam diminuidas e, assim, se acentue
a penetragdo cutanea (KOST et al., 1989).

Uma variedade de pesquisas tem sugerido que, para aumentar o sistema de
transporte de drogas pela pele, pode-se utilizar, entre outros recursos, as correntes elétricas
e a aplicacdo de ultra-som — US — (MITRAGOTRI et al., 1995), porque a a¢do de uma

forga fisica externa melhora a permeabilidade da pele (UEDA et al, 1996).



O uso do US para favorecer a penetracdo de substincias topicas € denominado
fonoforese ou sonoforese.

Este conceito novo de US terapéutico combinado com farmacos despertou interesse
de estudos em varias areas (TACHIBANA E TACHIBANA, 1998).

A primeira publicacdo sobre fonoforese data de 1954 quando se demonstrou o fluxo
de hidrocortisona, através de membrana avascular. Outros estudos comprovaram a eficicia
do US no aumento da absor¢cdo de lidocaina (4%), lidocaina associado ao decadron, D-
manitol, dimetil sulf6xido, 4cido salicilico e metil nicotinato, utilizando-se, para tanto,
experimentos com coelhos, suinos e humanos (BYL, 1995).

Estudos mais recentes mostram a acdo do US em aumentar a absorcdo de
uroquinase (TACHIBANA E TACHIBANA, 1998), 4cido flufenamico (HIPPIUS et al,
1998), e da mesma acdo com o US de baixa frequéncia da antipirina e dinitrato de
isosorbida (UEDA er al., 1996), da aldosterona, butanol, corticosteréide, estradiol, acido
salicilico e sacarose (MITRAGOTRI et al., 1996). MONTI et al. (2001) e BOUCAUD et
al. (2001) demonstraram o aumento da permeagdo da cafeina com US de baixa freqiiéncia
(40 e 20 KHz).

A revisdo bibliografica publicada por BYL, em 1995, afirma que em 75% dos
estudos sobre fonoforese ocorre efetividade do US como acentuador da permeacdo de
substancias.

Um estudo de HIPPIUS (1998) verificou a eficdcia da fonoforese através de
técnica in vitro, utilizando a fluorimetria como método quantitativo. O US demonstrou
acentuar o transporte transdérmico de dcido flufenamico. Todas as intensidades usadas (0,2

a 1,5 W/cm?) tiveram praticamente o mesmo efeito sobre a permeacdo. KOST et al. (1989),



através de uma revisdo literaria sobre a fonoforese, também confirmam a efetividade desta
técnica.

Trabalhos de HIPPIUS et al. (1998) e MITRAGOTRI et al. (2000) afirmam que o
nivel de permeacdo promovido pela fonoforese, ¢ diretamente proporcional ao tempo de
aplicacdo do US.

Embora muitos estudos tenham demonstrado que o US € geralmente seguro, sem
efeitos negativos a longo e curto prazo, o mecanismo pelo qual funciona como promotor da
penetracdo ainda ndo estd muito claro (BYL, 1995; UEDA et al., 1996).

Tanto o efeito térmico, como o mecanico e as alteracdes quimicas dos tecidos
bioldgicos, podem facilitar a difusdo dos principios ativos presentes nos medicamentos de
uso topico (HIPPIUS et al., 1998; BYL, 1995).

MITRAGOTRI et al. (1995, 1996) sdao da opinido que a cavitagcdo € o principal
mecanismo para a fonoforese, pois induz uma desordem na bicamada lipidica da camada
cornea, aumentando o transporte através da mesma. JOHNSON et al. (1996) sugerem que a
bicamada lipidica do estrato cérneo transforma-se numa fase fluida, facilitando assim a
absor¢do de farmacos.

Outro aspecto analisado por MITRAGOTRI et al. (1996) € que a bicamada lipidica
produz uma alta resisténcia a transportes i0nicos, € o US desorganizando o estrato cérneo
pode reduzir em 30% esta resisténcia.

Além da agdo mencionada, o efeito mecanico difunde o principio ativo do
medicamento pela oscilagdo das células a uma alta velocidade, diminuindo o potencial da
membrana celular, levando a quebra de ligacdes intercelulares e aumentando a

permeabilidade da mesma (BYL, 1995; BARE et al., 1996).



HIPPIUS et al. (1998) sdao da opinido que o mecanismo ligado a fonoforese é o
térmico. O aquecimento produzido pelo US aumenta a energia cinética das moléculas dos
medicamentos e da membrana celular, dilatando os pontos de entrada como os 6stios dos
foliculos pilossebaceos e os orificios adenaxiais das glandulas sudoriparas, além de
aumentar a circulacdo local, aumenta a oportunidade das moléculas difundirem-se através
do estrato corneo até a rede capilar da derme (BYL, 1995).

Mudangas quimicas ocorridas durante a fonoforese incluem a inducdo de um
nimero aumentado de reagdes de oxidacdo, inativagdo de enzimas, e a cavitacdo. Aumento
da atividade da adenosina trifosfatase e da permeabilidade da membrana celular sao
possiveis mecanismos (KASSAN et al., 1996).

O estudo de MITRAGOTRI et al., (1997) sobre a variacdio do aumento do
transporte transdérmico de vérios farmacos, mostra que em algumas pesquisas a fonoforese
ndo ocorreu, o que leva a uma controvérsia sobre a eficicia de tal conduta.

Virios trabalhos tentam explicar o papel do ultra-som na permeagdo cutinea e a
maioria deles aponta para o efeito acelerador, diminuindo a lentiddo do processo, mais do
que aumentar a taxa de absorcio (MORIMOTO et al., 1994, HIPPIUS et al, 1998).

Numa revisao de literatura sobre a efetividade da fonoforese, BYL (1995) relata que
alguns destes estudos apresentam erros metodoldgicos os quais limitam a sua generalizagdao
dos mesmos. Entretanto, mais recentemente estudos realizados em humanos utilizando o
US para a permeacao de antiinflamatdério demonstraram que o medicamento foi permeado e
encontrado em maior concentra¢do no liquido sinovial do que em amostras de plasma ou

tecido adiposo da regido estudada, joelho (CAGNIE et al., 2003).



O US ¢ utilizado em tratamentos estéticos, mais especificamente, em casos de fibro-
edema geléide — FEG — popularmente conhecido como celulite (PIRES DE CAMPOS,
1992; ROSSI, 2000).

Diversas hipdteses sugerem a base fisiopatoldgica do FEG, dentre elas: o fendmeno
da hiperpolimerizagdo da substancia fundamental, alteracdes primdrias do tecido adiposo e
alteracdes microcirculatérias com etiologia multi-fatorial (DRAELOS e MARENUS, 1997;
ROSSI, 2000).

Uma das hipoteses € das alteracdes microcirculatérias. Estas levariam a diversas
mudancas no metabolismo do tecido adiposo e conjuntivo (SEGERS er al., 1985;
LEIBASCHOFF, 1987; RYAN e CURRI, 1989; PIRES DE CAMPOS, 1992; RYAN,
1995).

De acordo com PIRES DE CAMPOS (1992), no aspecto anatomo-histolégico, o
tecido com fibro-edema-geldide encontra-se com aumento do nimero e do volume de
células adiposas, lipoedema e dissociacdo lobular, espessamento e proliferacdo das fibras
coldgenas interadipocitdrias e interlobulares, que provocam engurgitamento tecidual,
rompimento das fibras eldsticas, vasos linfiticos e sanguineos ectdsicos.
Conseqiientemente, o tecido é mal oxigenado, desorganizado e sem elasticidade, resultante
do mau funcionamento circulatdrio e das consecutivas transformagdes do tecido conjuntivo.
A provével causa das alteragdes microcirculatdrias seria uma insuficiéncia dos esfincteres
pré-capilares, cuja funcdo reguladora do fluxo sangiiineo encontra-se modificada nas dreas
afetadas (CURRI, 1993, CURRI e BOMBARDELLIL1994). A alteragdo inicial que leva a
formacdo da celulite parece ser a deterioragdo da substancia intersticial e rede capilar,
levando a retencdo excessiva de liquidos na derme e em tecidos subcutaneos. Segundo

LOTTI et al. (1990) ¢ DRAELOS e MARENUS (1997), ha aumento de



glicosaminoglicanas na derme, levando a retencdo de dgua nas regides afetadas. Entretanto,
estas observacgdes tém sido objeto de grandes debates e controvérsias (RYAN, 1995).

Estudos mais atuais apontam alteragdes do tecido adiposo como fatores primarios na
fisiopatologia do FEG.

O tecido adiposo é um tipo especializado de tecido conjuntivo, sendo um grande
reservatorio de gordura sob a forma de triacilglicer6is. O tecido adiposo subcutaneo é
importante isolante térmico e amortecedor de choques mecanicos (GARCIA et al., 2002).
H4 evidéncias que secrete fatores importantes na resposta imunitdria, nas doencas
vasculares e na regulacdo de apetite, funcionando também como importante 6rgao
enddcrino (BLOOM e FAWCETT, 1994; GREGORIE et al., 1998).

Na anatomia topogréfica do tecido adiposo subcutaneo, distinguem-se duas camadas
separadas por uma fascia superficial. A camada mais externa (em contato com a derme),
chamada areolar, ¢ composta por adipdcitos globulares e volumosos, em disposi¢dao
verticais, onde os vasos sangiiineos sao numerosos e delicados. Na camada mais profunda,
camada lamelar, as células sdo fusiformes, menores e dispostas horizontalmente, onde os
vasos sdao de maior calibre.

Nos mamiferos existem dois tipos de tecido adiposo: o tecido adiposo amarelo,
branco ou unilocular e o tecido adiposo marrom ou pardo ou multilocular.

Praticamente todo o tecido adiposo encontrado no homem adulto € do tipo amarelo,
apresentando grande capacidade de hipertrofia (GARCIA et al., 2002). Aproximadamente
60 a 80% do peso deste tipo de tecido adiposo € constituido de lipidio, sendo 90 a 99% de
triacilglicer6is (GREENWOOD e JOHNSON, 1993).

Este tecido forma o paniculo adiposo subcutaneo do corpo humano, camada de

espessura totalmente uniforme no recém-nascido. Com a idade o paniculo adiposo tende a



desaparecer de certas areas, desenvolvendo-se em outras. Esta disposi¢do seletiva de
gorduras € em parte controlada pelos hormonios sexuais e adrenocorticais, que se evidencia
com a idade (GARCIA et al., 2002).

Neste tipo de tecido, cada adipdcito mantém contato com pelo menos um capilar. O
fluxo sanguineo varia de acordo com o peso corporal e estado nutricional, aumentando no
jejum. E inervado pelo sistema nervoso simpético de maneira indireta, ou seja, os vasos
sangiiineos das células adiposas é que recebem as terminagdes nervosas, embora haja
evidéncias de inervagio direta dos adipécitos brancos (PENICAUD et al., 2000)

O tecido adiposo pardo ou marrom € encontrado em mamiferos recém nascidos de
praticamente todas as espécies, sendo que em animais nao hibernantes, diminui com o
crescimento. Em humanos adultos, este tipo de tecido é praticamente ausente. Em recém
nascidos sdo encontrados depdsitos nas regioes cervical posterior, axilar, supra-iliaca, peri-
renal, dreas interescapulares, abdominal anterior e retropubiana, sendo substituidas por
tecido adiposo branco com o crescimento (HEALTON, 1972; MERKLIN, 1973).
Apresenta rica vascularizacdo, estando mais intimamente ligada aos adipdcitos. Assim
como o tecido adiposo unilocular ou amarelo, € inervado pelo sistema nervoso simpético.
Entretanto, neste caso, as células recebem inervacgao direta (GARCIA et al., 2002).

A principal funcdo do tecido adiposo marrom € a termogénese, enquanto que o
tecido branco apresenta um papel mais complexo e dindmico, pois € responsdvel por
armazenamento e balanco energético, secrecdo de fatores na resposta imunitdria, como

adipsina, Acrp30/AdipoQ (adipocyte complement-related protein), fator de necrose tumoral

o (TNF-a) e fator inibidor de migracdo de macréfagos (MIF); em doengas vasculares pela



secrecdo de angiotensionogénio e PAI-I (plasminogen activator/inibitor-I), e regulacido do
apetite, através da leptina (FRUHBECK et al., 2001).

Dentre as fun¢des metabdlicas do tecido adiposo encontramos a mobilizagdo dos
lipideos armazenados no tecido adiposo que € iniciada pela acdo de agentes lipoliticos
secretados sempre que ocorre demanda por substratos energéticos, predominando sobre os
processos de lipogénese (GARCIA er al., 2002). A regulacdo da lipdlise depende do
balanco entre mecanismos hormonais e simpdticos. E inibida predominantemente pela
insulina e adenosina enquanto ¢ promovida pelo ACTH (hormdnio adrenocorticotrépico),
adrenalina e noradrenalina (LAFONTAN et al.,, 1997, MORIMOTO et al., 1998;
COMMERFORD et al., 2000; DODT et al., 2003).

A mediacdo das acOes fisiologicas das catecolaminas, adrenalina e noradrenalina, é
realizada pelos adrenoceptores. Podemos encontrar pelo menos cinco subtipos — B1, B2, B3,
ap € o - todos coexistindo no mesmo adipécito (LAFONTAN et al., 1997; McNEEL e
MERSSMANN, 1999; DING et al., 2000). A concentracdo destes adrenoceptores €
varidvel de acordo com a espécie animal, como por exemplo, ratos possuem em torno de
90% de adrenoceptores 3 enquanto que suinos possuem 70 a 80% de adrenoceptores P,
20% de adrenoceptores 3, € menos que 10% de adrenoceptores B3 (DING et al., 2000). A
similaridade na resposta a agonistas e antagonistas beta-adrenérgicos em humanos, sugere
que a propor¢do de B B2 e B3 seja proxima aos suinos (McNEEL e MERSMANN, 1999).

Apesar da natureza glicoprotéica comum e de atuarem através do mesmo sistema de
segundo mensageiro, que gera o monofosfato de adenosina ciclico (AMPc), os subtipos de
B-adrenoceptores (BAR) apresentam especificidades estruturais e funcionais (BOWEN et

al., 1992) relacionadas com o tipo de tecido onde aparecem e com o estado funcional do



organismo (TAOUIS et al., 1987, 1989; MAURIEGE ef al., 1987; ARNER, 1990 a ¢ b,
1992, 1995).

A ativagdo dos BARs pelas catecolaminas, promove acoplamento destes receptores
a proteinas Gs (estimulatdria) que levam a um incremento da concentracdo intracelular do
AMPc que ativa a proteina quinase A (PKA). Esta ultima produzira fosforilacao da lipase-
hormonio-senivel (HSL) e das perilipinas (HOLM et al., 2000; JOHNSON et al., 2000).

As perilipinas sdo proteinas associadas a superficie limitante das goticulas
citosdlicas de lipideos que criam uma barreira limitante a acdo da HSL. Sua fosforilagdo,
pela PKA, libera este impedimento permitindo a translocacdo da HSL fosforilada do citosol
para a goticula lipidica, iniciando o processo de hidrélise dos triacilglicerdis em &dcidos
graxos (AQG) e glicerol (CLIFFORD et al., 2000). Para impedir que o proprio aumento de
AG iniba a HSL no “locus”, a HSL associa-se com ALBP — “proteina ligante de
adipdcitos”. Sua desfosforilacao € induzida pela insulina que freia a lipdlise (LIMA et al.,
2002), através da fosfodiesterase (LENINGHER, 2000). Outro mecanismo de agdo
antilipolitico tem sido relacionado a estimulacdao dos a,AR e dos receptores de adenosina
que se ligam a proteina Gi (inibitéria) diminuindo assim a concentracao de AMPc.

Deixando as células adiposas, o glicerol e os acidos graxos livres circulam pelo
plasma ligados a albumina (LIMA et al., 2002).

Fatores fisiolégicos como, alimentacdo, exercicio fisico e idade; bem como
patoldgicos, entre eles, a obesidade, o diabetes e as dislipidemias; podem interferir na
lipdlise. Além disso, a heterogeneidade nos depdsitos de gordura e as diferengas ligadas ao
sexo e diversidade de hormonios (GH, cortisol, glucagon, além dos j4 citados) promovem

uma complexidade na regulacao da lipdlise.
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Se a celulite fosse unicamente obtida pelo volume do tecido adiposo, poder-se-ia
dizer que homens e mulheres com quantidades iguais de tecido adiposo, demonstrariam
celulite na mesma propor¢do e sua presenca ndo se justificaria em individuos magros. No
entanto, sua prevaléncia indica que a celulite estd ligada a diferencas na organizacdo do
tecido conjuntivo. QUERLEUX et al. (2002) notaram grande porcentagem de septos
perpendiculares a derme em mulheres com celulite.

A féscia superficial do tecido adiposo dd formato as vigas ou septos que bloqueiam
as zonas edemaciadas e d4 o aspecto a zonas elevadas e zonas de covinhas. Além disso, as
regides de espessamento da fascia superficial provocam a formagao de aderéncias intimas
entre pele e tecidos profundos. Tais zonas sdo diferentes em ambos 0s sexos € sdo
responsaveis pelo contorno corporal especifico de cada um dos sexos. Nos homens, a fascia
superficial se espessa e engrossa na regido da crista iliaca. Isso provoca afundamento
localizado no contorno corporal e o acimulo de tecido adiposo. Nas mulheres, a fiscia
superficial sofre as mesmas mudancgas, mas vérios centimetros abaixo da crista iliaca, na
altura do sub-gliteo (MORETTI,1997).

Para PIERARD et al. (2000), ROSEMBAUM et al. (1998) e LUCASSEN et al.
(1997) a fascia dérmo-hipodérmica, bem como a disposicdo anatomica dos septos
interlobulares do tecido adiposo, sdo os principais responsdveis pela formacdo de
herniacdes da hipoderme para a derme reticular, toda vez que o tecido subcutianeo sofrer
compressao, dando o aspecto da “casca de laranja” na pele.

Tanto a variabilidade na estrutura do tecido conjuntivo, como a susceptibilidade ao
aparecimento da celulite estaria, principalmente, relacionados aos hormdnios sexuais € nao
a genética do individuo, pois existem evidéncias de estruturas de fibras subcutianeas

femininas na fascia superficial de homens hipoandrogénicos (ROSEMBAUM et al., 1998).
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No estudo de ROSEMBAUM et al. (1998) ndao se observou diferenca no
metabolismo do tecido adiposo de regides afetadas e ndo afetadas por celulite, nem
diferencas entre os sexos. Também ndo encontraram alteracdes no fluxo circulatdrio.
PIERARD et al. (2000) também ndo observaram alteracdes nos capilares linfaticos,
contrapondo-se com trabalhos de CURRI (1993) e CURRI e BOMBARDELI (1994) que
propde  alteracdes linfaticas e venulares como fator etioldégico para o déficit
microcirculatério.

O suino tem sido usado como modelo animal em experimentos de permeacio
cutanea, porque sua camada cOrnea apresenta semelhancas com a do homem. Segundo

dados de BRONAUGH et al. (1989), a espessura da camada cérnea dos suinos é de 26,4um

e no homem é de 16,8um. Como a camada cdérnea é considerada a principal barreira a
permeacao, justifica-se a escolha deste animal como modelo experimental (MORIMOTO et
al, 1994, BLANK e SCHUPLIN,1993).

As medidas lineares, morfométricas sdo muito utilizadas em estudos
histopatolégicos pois sdo muito mais objetivas, facilmente reproduziveis e podem ser
detectadas alteracbes que numa observacdo visual muitas vezes pode ser negligenciada
(HAMILTON et al. 1995).

Virias modalidades terapéuticas tém sido indicadas para tratar o FEG, entre elas o
US e a mesoterapia.

A mesoterapia tem a vantagem de aproximar o medicamento ao local da patologia,
mediante doses intradérmicas minimas e localizadas (POSTERNAK et al., 2000). As
indicacdes desta técnica sdo multiplas: para dores diversas, alopécia, celulite, entre outras.

Entretanto, tendo-se em vista que a mesoterapia ¢ uma técnica invasiva, pode trazer varias
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complicacOes decorrentes de técnica inadequada referente a inoculacdo, ou da escolha dos
produtos utilizados. Estes devem ser hidrossoliveis, isotonicos, com pH adequado, estaveis
fisica e quimicamente, tolerados ao nivel subepidérmico, de baixo estimulo alergénico e
eficacia reconhecida (ROSSI, 2000).

Do ponto de vista farmacoldgico esta via utiliza, no tratamento do FEG, farmacos
de acdo lipolitica, vasoativa, venolinfitica, eutréfica e antifibrética (LEIBASCHOFF,
1987)

Segundo DRAELOS e MARENUS (1997) tem sido utilizadas substancias
lipoliticas, farmacologicamente ativas, por via topica com objetivos de reduzir o tamanho
das hérnias adipocitérias, diminuindo o aspecto do FEG.

O uso do US no tratamento do FEG por sua vez estd vinculado a seus efeitos
fisiolégicos associados a sua capacidade de veiculacio de substancias (PIRES DE
CAMPOS, 1992; ROSSI, 2000). Sao efeitos fisioldgicos do US: acdo tixotropica sobre
géis, despolimerizacdo da substincia fundamental; deslocamento de ions; aumento da
permeabilidade das membranas; melhor reabsor¢do de liquidos e aperfeicoamento da
irrigacdo sangiiinea e linfatica (PIRES DE CAMPOS, 1992). Segundo YOUNG (1996) e
CUNHA et al. (2001), o US aumenta a produ¢do e melhora a orientagdo das fibras
coldgenas do tecido conjuntivo.

A cafeina, um derivado das metilxantinas, é largamente utilizada como um
potencializador da resposta lipolitica, pois inibe a fosfodiesterase, que degrada o AMPc
(SHUM et al., 1997). Além de antagonizar farmacolégicamente os receptores de adenosina
(SATTIN e RALL, 1970).

O receptor de adenosina A; € responsdvel por inibir a lipdlise e a cafeina e seus

metabdlitos, teofilina e teobromina, sdo responsdveis por inibir a a¢cdo neste receptor
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(OLAH e STILES, 1995). A cafeina também exerce um papel importante no sistema de
neurotransmissdo/neuromodulacdo do sistema nervoso central, inibindo a acdo da
adenosina. Receptores pré-sindpticos de adenosina A; em ativacdo abrem os canais de
sodio e potdssio, diminuindo a liberacdo de neurotransmissores voltagem-dependentes
(OLAH e STILES, 1995). Assim, a cafeina com sua agcdo bloqueadora dos receptores de
adenosina pode aumentar liberacdo de neurotransmissores e aumenta a excitabilidade
neuronal (MEEUSEN e DE MEIRLEIR, 1995).

Com o objetivo de evitar os efeitos indesejaveis da cafeina, LAMBERT (1982) e
BELILOWSKY (1988), propdem a aplicagdo tépica de cafeina a 5%

Portanto, frente a ausé€ncia de investigacoes cientificas quanto ao estudo da eficicia
do US como acentuador da permeacdo cutianea da cafeina em fragmentos de pele e em
adipdcitos isolados de animais que sofreram este tratamento, sd3o nossos objetivos neste
trabalho:

- Analisar in vitro a permeacgdo cutanea da cafeina através da aplicacao do ultra-som
(US) em fragmentos de pele isolados de suinos.

- Analisar as alteragdes morfoldgicas que ocorrem no tecido adiposo submetido a
fonoforese associado ou ndo a cafeina e mesoterapia com cafeina.

- Analisar a resposta lipolitica de adipdcitos isolados do tecido adiposo subcutaneo
de suinos submetidos ao tratamento tdpico, durante quinze dias, de cafeina

associada ou ndo ao ultrassom terapé€utico.
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OBJETIVOS GERAIS

- Analisar in vitro a permeacdo cutanea da cafeina através da aplicacdo do ultra-som
(US) em fragmentos de pele isolados de suinos.

- Analisar as alteracdes morfolégicas que ocorrem no tecido adiposo submetido a
fonoforese associado ou ndo a cafeina e mesoterapia com cafeina.

- Analisar a resposta lipolitica de adipdcitos isolados do tecido adiposo subcutaneo
de suinos submetidos ao tratamento tdpico, durante quinze dias, de cafeina

associada ou ndo ao ultrassom terapéutico.

Para a apresentacdo desta tese, os resultados obtidos foram organizados em
capitulos que correspondem aos manuscritos gerados durante o seu desenvolvimento, os

quais passamos a apresentar.
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Abstract

The aim of the study was to analyse, in vitro, the effect of ultrasound application
(US) on cutaneous permeation of caffeine (phonophoresis). This evaluation was carried out
using diffusion cells, as proposed by BENTLEY. Four pieces of skin excluding hypodermis
were extracted from swine dorsal region. The skin was attached to the diffusion cells,
maintained in contact with a receptor solution at 37°C, and each one was submitted to one
of the following treatments: gel, caffeine (5%) gel, gel plus US, and caffeine (5%) gel plus
US. The US was applied in the frequency of 3 MHz, with intensity of 0.2W/cm2, and
continuous emission mode. Receptor solution was collected in different time (0-240 min)
after gel/US administration. The quantification of the drug that crossed the barrier was
taken through the spectrophotometer (A = 273 nm). We are able to conclude with our
results that the US was effective as an accentuator (gel caffeine: 767.70 = 55.8 pg/ml to
US+gel caffeine: 1925.4 = 110.35 pg/ml AUC in 240 min, p<0.01) and accelerator (peak
gel caffeine 4.4 + 0.4 pg/ml in 60 min and peak US plus gel caffeine 9.5 + 0.6 pg/ml in 30

min after the beginning of the application) of cutaneous caffeine permeation.

Keywords: caffeine, ultrasound, phonophoresis, cutaneous permeation, skin swine.

Introduction

Transdermic transport has been intensely studied during the last decades by virtue
of several advantages that this route of drug application! offers, due to its being a non-
invasive technique, thus avoiding both the effect of passing first through the liver and the

degradation of peptide and protein drugs>”.
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However, this transport is limited by the most external epidermis layer, the stratum
corneous’, due to its structural and biochemical characteristics. Therefore, chemical and
physical accentuator have been used, which aim at increasing cutaneous permeation.
Among the chemical accentuator we may mention ethanol, and among the physical ones,
ultrasound (US). The use of US with this purpose is named phonophoresis or
sonophoresis™*.

Many studies have demonstrated that US is usually safe and presents no negative
effects at long or short term. The enhancement of drug penetration in the skin by
phonophoresis is due to its thermal, mechanical and chemical properties > .

The US mechanical effect produces cell oscillation, thus promoting the enlargement
of intercellular spaces, modifying the lipidic structure of the cell membrane, increasing cell
permeability and ionic conductance, and reducing the rest membrane potential, or
destroying the cells > . According to MITRAGOTRI ez al.'? phonophoresis disorganizes
the cell membrane lipidic bilayer of the skin corneous layer, reducing in 30% its resistance
to permeation. Due to the cavitation mechanism, gaseous micro blisters are produced,
which allow the passage of the drug, as they violently burst. The increase of membrane
permeability also facilitates the penetration > . In addition, the higher temperature
produced by the ultrasound increases the kinetic energy of the medicament molecules and
of the cell membrane, expands the hair sebaceous follicle ostium and the sweat glands, in
addition to increasing the local circulation®®.

Chemical changes reported to occur during phonophoresis include the induction of
an increased number of oxidation reactions, inactivation of enzymes, and formation of

small gaseous bubbles induced by molecular splitting within cells, known as cavitations.
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Increased adenosine triphosphatase activity and increased cell membrane permeability are
possible mechanisms'”.

Although phonophoresis offers one advantage in relation to other types of drug
administration®, according to MITRAGOTRI et al'* phonophoresis varies according to the
drug and the US frequency used. Therefore, the US may not enhance permeation, which
leads to controversy about the efficacy of such procedure.

Several authors have proposed the administration of caffeine in the lipodystrophy
treatment' "', by topical or endogenous (i.v.) administration, associated or not to US. The
main action of caffeine is to antagonize the adenosine receptors. Once activated, the type
A1l adenosine receptor inhibits lypolisis. Caffeine and its metabolites, theophylline and
theobromine, block the reversible mode of this receptor. In addition, caffeine also inhibits
the phosphodiesterase that degrades cAMP to the inactive form 5’AMP, thus stimulating
lypolisis. The result of the sum of these two effects of caffeine is an increase of the lipolysis
induced by lipolytic agents and reduction of cellulitis'®.

The aim of this study was to analyze, in vitro, the effect of the US application on
fragments of swine skin on the cutaneous permeation of caffeine, using BENTLEY’s"

diffusion cells.

Materials and Methods
1. Animals
During the experiments, the swines were cared for in accordance with the principles
outlined by OLFERT et al.? for the use of animals for research and education, and the
experimental protocols were approved by the Committee for Ethics in Animal

Experimentation of the Institute of Biology (UNICAMP n° 614-2).
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We used male, non-castrated, 50 days swines (Landrace x Large White), old,
weighing from 23.5+3.2 kg, were used and obtained from the Alvorada’s country property.
The animals were fed with water and ration composed by crushed corn, soy flour, meat
flour, calcareous, salt, polinucleous Fapec “ad libitum”. Ivomec® was applied as
prophylactic measure against ectoparasites. One day before sacrifice by infiltration of
anesthesic, the dorsal area of the animals was shaved with a shearing machine (comb n° 0),
avoiding damage to the corneous layer, which could alter the skin permeability.

2. Experimental Groups

The animals (n=5) were sacrificed and four 10 cm? rectangle of the dorsal skin
without the hypodermis were removed. Each skin sample was used for one of the following
treatments: gel (GEL), caffeine (5%) gel (CAF), gel plus US (US), and caffeine (5%) gel
plus US (US+CAF).

3. Drug and gel preparation

The gel was prepared with 1% Carbopol 940®, 10% propyleneglycol, 0.1 M sodium
acetate buffer, pH 7.1, 25% absolute ethyl alcohol, and triethanolamine (qsp, pH 7.0).

The caffeine gel was prepared adding 5% of anhydrous caffeine (Sigma Chemical
Company, St. Louis, MO, USA). Caffeine was pre solubilized in sodium acetate buffer
0.1M, pH 7.1 containing 25% ethyl alcohol absolute and 10% propyleneglycol. Final
solution revealed a pH between 7.0 and 7.5 and this solution was incorporate to the gel
formulation above described.

4. Ultrasound

The US (Sonomaster Microcontrolado, KW Ind. Nac. de Technology Lt, Amparo,
Sdo Paulo, Brazil) was applied over the skin area of the groups gel (US) or caffeine gel

(US+CAF), at 3 MHz, due to the superficiality of the adipose tissue*, 0.2 W/cm? 2
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continuous emission mode® and application time of 1 min/cm? **, with the transducer being
moved slowly and continuously until the end of the application®.

The calibration of US intensity set at a frequency of 3 MHz in the US scale OHMIC
CS Instruments Co (Easton, USA) was performed with degassed and distilled water. The
measurement of US transmission in gel was performed. The methodology adopted was the
one proposed by GUIRRO er al.**, which consists of the use of a US scale composed of a
conical metal target inside a rubber reservoir containing degassed distilled water. An
acrylic ring was fitted to the US transducer and the gel was added to this ring, which was
then covered with a PVC film so that the gel would not dissolve in the scale’s water, and
fixed with elastic bands. The transducer was immersed 1 cm below the water surface,
directly above the conical metal target. The US waves release energy on this target, which
is triggered by the scale. The US was regulated to supply frequency of 3 MHz and 0.8 W
power (0,2W/cm?, ERA 4 cm?). This assay was carried out using gel and caffeine gel, and
its transmission percentage was verified in relation to water, considering the variation of
10% in the US apparatus and 0.07% in the balance. The procedure was repeated five times
for each kind of gel.

5. Permeation Analysis

For the study of chemical substances absorption through the skin, the in vitro
technique proposed by BENTLEY'® was used. The diffusion cells are composed of one
plate and a PVC ring where the swine skin (8 cm?) was fixed. The cell was then placed on a
plastic cube containing 50 ml of a receptor solution in constant agitation, at 37°C certifying

that the solution was in contact with the dermis (figure 1).
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The receptor solution composition was the same of the solution used for caffeine
solubilization, since it did not show absorbance in the wavelength used in the experiment
(data not shown).

After setting up the skin in the diffusion cells, 3 g of the appropriated gel was
applied on the epidermis as upper described. The diffusion cells were maintained with PVC
film after the treatments.

From all of the samples, 2 ml of the receptor solution were collected and replaced at
0, 2, 30, 60, 90, 120, 150, 180, 210 and 240 minutes after gel administration and/or US
application. The caffeine concentrations of the samples were determined by
spectrophotometry as described below.

5.1. Determination of caffeine

A UV - Visible spectrophotometer (1601PC, Shimadzu, Sidney, Australia) was
used, adjusted at 273 nm wavelength. Before the sample readings, the spectrophotometer
was set at zero with receptor solution.

In order to eliminate the interference of other skin substances, which could have
been diffused in the receptor solution data are expressed as, the difference between the
caffeine concentration in the receptor solution of the skin treated with gel plus caffeine plus
US and that treated with gel plus US, and the difference between skin treated with gel plus
caffeine and gel.

6. Statistical Analysis

The results are presented as mean + standard error mean (SEM) of the values
obtained in mg/ml of caffeine present in the receptor solution at the different times. To

analyze the transmissibility of US through the gels, Student’s ¢ test was used®” %,
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The area under the curve (AUC) was determined by the trapezoidal method * and
used to compare data obtained by application of caffeine and with that obtained by
association of US by using Student's ¢ test followed by Mann-Whitney test because the data
do not obey the Gauss curve.

To compare the permeation of caffeine with and without US in the different time
periods, the on parametric test of Kruskall-Wallis was used, followed by Dunn’s test of

. . 27,2
multiple comparison®” .

Results

The presence of gel (carbopol 940%) or caffeine gel (5%) did not produce any
attenuation of the US intensity evaluated by the transmissibility test (figure 2).

The application of 3 g of caffeine (5%) gel upon the skin fragment fitted in the
diffusion cell led to a caffeine concentration of 767.70 + 55.85 pug/ml (AUC) of in the
receptor solution in 240 minutes. The use of US added to caffeine (5%) gel significantly
potentiated the caffeine permeation through the skin, significantly increasing its
concentration in the receptor solution during a 240 min period (1925.4 + 110.35 pg/ml,
p<0.01).

Figure 3 shows that caffeine permeation gradually increased, reaching its peak 60
minutes after the beginning of the application (4.4 + 0.4 pg/ml; p<0.05), in the skin where
US was not used. US application induced an increase on caffeine permeation (9.5 + 0.6
png/ml, p<0.001) and accelerated it since the maximal concentration was reached at 30
minutes, remaining unchanged until the end of the experiment at 60" min (7.3 + 0.5

pg/ml), 90™ min (8.6 + 0.6 pg/ml), 120" min (8.4 + 0.5 pg/ml), 150" min (8.7 + 0.7
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pg/ml), 180™ min (7.9 + 0.5 pug/ml), 210™ min (8.7 + 0.5 pg/ml), and at the 240" min (8.7

+ 0.6 ug/ml p<0.01).

Discussion

The results presented here showed that ultrasound increased significantly the
permeation of caffeine in the fragments of swine skin. The concentration of caffeine in the
receptor solution immediately after application of US and in later analyzed times was
considerably greater than in the skin treated just with gel containing caffeine. Also there
was permeation acceleration inasmuch as the peak concentration was reached 30 minutes
after application of caffeine associated with US whereas without this physical resource the
caffeine maximum concentration was reached in 60 min. This result confirms the
effectiveness of US as accentuator of the cutaneous drugs permeation and thwarts results of
MITRAGOTRI et al* that there was no observed increase in the caffeine diffusion through
human skin with high frequency application of US.

The swine skin is used as a model for experiments of drug permeation because the
thickness of the corneous layer is similar to the human skin (26.4pm in swines and 16.8um
in human). This layer is the main barrier for permeation®*'.

The increase of drug diffusion through the skin occurs due to US thermal and
mechanical effects™ ®. The disorder of the cells lipidic bilayer'?, the transformation of this
to a fluid phase® and the oscillatory movement provoked by the US longitudinal waves >

are the main mechanisms responsible for the increased diffusion.
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Although mechanical and thermal factors exist capable of allowing phonophoresis,
in our study it was not observed that the latter factor accentuates drug diffusion, since the
temperature remained constant at 37°C during every experiment.

Our results show that cutaneous permeation of caffeine increased gradually,
reaching its peak in 60 min and decreasing from then until 240 min after application of just
caffeine.

In addition, the level of absorption of the drug continued increasing considerably
even after the end of the application of US, reaching its peak in 30 min and persisting high
in every other analyzed time (figure 3). Although BOUCAUD et al.** demonstrated the
opinion that the increase in the permeability of the skin for drugs with the use of US does
not persist after termination of the US application, our results do corroborate KOST et al.®
that demonstrated constant penetration of drugs after US was turned off. On the other hand
TANG et al.* relate that the waves of US induce convection and increase the coefficient of
diffusion of the skin by altering its structure, and that this alteration persists after the end of
the treatment.

Although BOUCAUD et al.'® observed a discreet increase in the diffusion of
caffeine when applied with US of high frequency and significantly increased permeability
after US of low frequency '/, we verified that US of high frequency significantly the
speeded the diffusion of caffeine in the skin. These data agree with those reported by BYL?
where the effectiveness of US is verified as accentuator of substances permeation in 75% of
the phonophoresis related reports.

According with BYL? and MITRAGOTRI et al'?, some pharmaceutical preparation
could prevent the transmission of the ultrasonic wave, thus decreasing the phonophoresis

effectiveness. Such effect was not observed in this research (figure 2). In previous studies
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of our laboratory about the transmissibility of the ultrasonic wave through some
pharmaceutical preparations, it was verified that hydrosoluble drugs in several
concentrations did not impede the transmission since the preparation were homogeneous
and with formation of bubbles.

Caffeine is a hydrophilic drug and, therefore, of low permeability. The application
of US has a great effect in the permeation of drugs with these physicochemical
characteristics'®.

It should also be considered that the permeation of caffeine by the skin of swine was
probably possible due to the use of etanol in the gel formulation used. Ethanol is a chemical
permeation accentuator, that, according to LEVANG et al’®, increases the drug absorption
by the skin while disturbing the integrity of the corneous stratum, causing destruction of its
lipidic layer. The combination of chemical and physical permeants is commonly used, due
to the synergism of their actions, to increase the concentration and the depth of penetration
of the drug in the skin’. Our results clearly showed this synergism, since the use of US
produced an increase in the permeation of 150%, when we analyzed the area under the
curve of both treatments. Although MONTI e al.'” compared the effect of phonophoresis
with some chemical permeants, realizing pretreatment of mice skin with the same
permeants, they observed just a slight superiority of the combination of acid oleic and
propyleneglycol on US of low frequency (20 KHz).

Although experiments in vitro are considered valuable for the study of the
mechanisms of percutaneous absorption and they have shown similar correlations®’, caution

should be observed when extrapolating the results for in vivo situations.
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CONCLUSIONS
We concluded that US significantly accentuates and accelerates the permeation of
caffeine through the skin, thus allowing the accomplishment of the phonophoresis with this

drug in the lipodystrophy treatment.
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LEGENDS

Figure 1. Cell of Bentley, composed of one piece and a PVC ring where the swine skin
extracted from the back of the animal was fixed and fitted with 2 elastic bands.
The cell was then placed upon a plastic cube containing 50 ml of receptor
solution in constant agitation, certifying that this was in contact with the

dermis. The temperature was maintained at 37°C.

Figure 2. Transmissibility of ultrasoundin the frequency of 3 MHz, intensity 0,2W/cm?,
continuous emission mode through gel (GEL) or through gel containing 5%

caffeine (CAF).

Figure 3. Caffeine concentration (mg/ml) in the receptor solution at different times, with
and without the use of US. The gel containing 5% caffeine (US+CAF) was
applied on the skin at time zero. US of 3 MHz was applied soon after the
administration of the gel, in a 0,2W/cm? intensity, continuous emission mode
for 2 minutes (Imin/cm?). The areas under the curves for CAF and US + CAF
were statistically different (Mann-Whitney test; p <0.01). *p<0.05 compared

with the time 0 (Kruskall-Wallis followed by Dunn's test).
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Figure 1.
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ABSTRACT

Background: Cellulite or lipodystrophy is a modification of the subcutaneous adipose
tissue. In the wealthy diversity of topical products against cellulite, but have difficulties
for absorption through the skin. The application of therapeutic ultrasound (US) is the
resource for enhances transdermic drug transport. The objective of the present study was
to analyze the effect of caffeine on the morphology of swine hypodermis when applied

topically alone or in combination with US.

Methods: The following treatments were applied to 5 previously shaved dorsal areas of
5 swines (Landrace x Large White, 35 days old and weighing 15 kg): gel (carbopol 940),
gel+US (US), gel+caffeine (5%; CAF), and gel+caffeine+US (US+CAF), daily for 15
days. A 5" untreated area was used as control. Continuous US of 3 MHz with an
intensity of 0.2 W/cm? was applied at a rate of 1 min/cm?. After histological processing
(HE), morphometric analyses were carried out to determine hypodermis thickness and

numerical profile.

Results: Caffeine treatment was effective only when associated with ultrasound therapy.
This treatment caused significant reduction in the subcutaneous adipose tissue thickness

and, damage to the adipocytes, decreasing the cells number.
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Conclusion: The US was effective in increasing the cutaneous permeation of caffeine,

evidenced by the reduction of thickness of the hypodermis and adipocyte number.

Keywords: caffeine, phonophoresis, adipose tissue.
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INTRODUCTION

“Miraculous” products for topical use with the intention of improving people’s
appearance in order to attain current beauty standards are constantly being produced.
However, many of these products end up being available to the consumer without more
detailed studies with regard to their real therapeutic efficiency.

Cellulite, also known as fiber edema geloid (FEG), or fibrosclerotic edematous
panniculopathy (PEFE), affects 85% of women! after adolescence, and it is
characterized by irregular dermis-hypodermic fascia, with vertical interlobular septa of
the adipose tissue, favoring hernias of the areolar hypodermis in the direction of the
reticular dermis2. The cutaneous relief thus becomes altered, leading to deterioration of
the invaded tissue’s capillary networks® *.

Current topical treatment for esthetic purposes mainly aims to reduce cellulite.
However difficulties found in the absorption of medications through the skin have led
researchers to investigate the use of chemical substances in the formulation, as well as
the use of physical methods such as ultrasound (phonophoresis) to aid skin penetration
of different drugs5 »6 78 The thermal and mechanical effects, as well as the chemical
alterations of the biological tissues caused by the use of ultrasound (US), accelerate the
diffusion of the active ingredients present in the medications for topical use. Among the
thermal effects, there is an increase in kinetic energy between the molecules of the

medication, as well as dilation of the follicles and glands and an increase in peripheral
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circulation & °. Among the mechanical effects, there is oscillation of the cell membrane
potential, which leads to the breakdown of the intercellular links, flow of the
medication’s molecules in the direction of the tissue and a small oscillation in the cells
position > '°.

Studies on cutaneous permeation have used swine skin, which is very similar to
the human skin both in terms of morphological and functional aspects * ' 2.

Previous investigations from our laboratory have also proved the efficiency of
phonophoresis by the in vitro study of swine skins treated with tiratricol alone or in
combination with US, reporting that US treatment led to acceleration in the diffusion of
the medication'>. POLACOW er al.'* detected alterations in the morphometric
measurements of swine adipose tissue in vivo treated with tiratricol gel and US.

In addition, the lipolytic activity of swine adipocytes, the adipose tissue

functional entities, is closely similar to that of humans, with the quantity of adrenergic
B3 receptors being lower than 10% and the most predominant being the adrenoceptor
subtypes B and B,".

The use of caffeine for the topical treatment of cellulite has been recently
suggested'®. The main action of caffeine is to antagonize the adenosine receptors.
Caffeine and its metabolites, theophylline and theobromine, are responsible for blocking
the adenosine receptor. In addition, caffeine also inhibits the phosphodiesterase that

degrades AMPc to inactive 5’ AMP, thus stimulating lipolysis'’. The result of the sum of
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these two effects is an improvement of the lipolysis, with the consequent reduction of
cellulite.

On this basis, the objective of the present study was to analyze the effect on the
morphology of swine hypodermis of caffeine when topically applied alone or in

association with therapeutic ultrasound (US).

MATERIAL AND METHODS

1. Animals
During the experiments, the swines were cared for in accordance with the
principles outlined by Olfert ez al.'® for the use of animals for research and education,
and the experimental protocols were approved by the Committee for Ethics in Animal
Research (State University of Campinas — UNICAMP — protocol n° 614-2).

Five male hybrid swine (Landrace x Large White), not castrated, 35 day old and
weighing approximately 15 kg were obtained from the Alvorada’s country property. The
animals were fed with “ad libitum” and had free access to fresh water and chow
composed by crushed corn, soy flour, meat flour, calcareous, salt, polinucleous Fapec.
Ivomec® was applied as a prophylactic procedure care against ectoparasites.

One day before the beginning of the treatment, the animal’s dorsal region was
shaved with a shearing machine (comb number 0), avoiding damage to of the corneous

layer, which could alter the skin permeability.
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2. Topic Treatments
After trichotomy, the dorsal region of each animal was divided into five areas of 8
cm?: control, gel (GEL), gel+caffeine (5%; CAF), gel+US (US) and gel+caffeine+US

(US+CAF).

2.1. Gel Area

Gel was applied daily, during fifteen days, on the skin through out circular friction
(massage therapy) until hyperemia and increase of the skin temperature were achieved.
The amount of gel applied to each area was 3 g. The gel was prepared with 1% Carbopol
940®, 10% propyleneglycol, 0.1 M sodium acetate buffer, pH 7.1, 25% absolute ethyl

alcohol, and triethanolamine (qsp, pH 7.0).

2.2, Caffeine Gel Area

Caffeine gel was applied daily, during fifteen days, on the skin through out circular
friction (massage therapy) until hyperemia and increase of the skin temperature were
achieved.

The caffeine gel was prepared adding 5% of anhydrous caffeine (Sigma Chemical
Company, St. Louis, MO, USA) was pre solubilized in sodium acetate buffer 0.1M, pH
7.1 containing 25% ethyl alcohol absolute and 10% propyleneglycol. Final solution
revealed a pH between 7.0 and 7.5 and this solution was incorporate to the gel

formulation above described.
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2.3. Ultrasound application

The US (Sonomaster Microcontrolado - KW Ind Nac de Tecnologia Lt, Amparo,
Sao Paulo, Brasil) was applied daily, during fifteen days, over the skin area with gel
(US) or caffeine gel (US+CAF) and it was set at 3 MHz, due to superficiality of the
adipose tissue'’; intensity of 0.2 W/cm? *, continuous emission”' and application time of

1 min/cm? *

, with the transducer being moved slowly and continuously until the end of
the application”.

The calibration of US intensity set at a frequency of 3 MHz in the US scale OHMIC
CS Instruments Co (Easton, USA) was performed with degassed and distilled water. The
measurement of US transmission in gel was performed. The methodology adopted was
the one proposed by GUIRRO et al.**, which consists of the use of a US scale composed
of a conical metal target inside a rubber reservoir containing degassed distilled water.
An acrylic ring was fitted to the US transducer and the gel was added to this ring, which
was then covered with a PVC film so that the gel would not dissolve in the scale’s water,
and fixed with elastic bands. The transducer was immersed 1 cm below the water
surface, directly above the conical metal target. The US waves release energy on this
target, which is triggered by the scale. The US was regulated to supply frequency of 3
MHz and 0.8 W power (0,2W/cm2, ERA 4 cm?). This assay was carried out using gel
and caffeine gel, and its transmission percentage was verified in relation to water,

considerring the variation of 10% in the US apparatus and 0.07% in the balance. The

procedure was repeated five times for each kind of gel. The presence of gel (carbopol
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940® or gel added of caffeine (5%) did not produce the attenuation of the US intensity

evaluated by the transmissibility test (data not shown).

3. Histological Processing

After 15 days of daily treatment the animals were sacrificed. Segments of skin
including hypodermis were removed from the different areas.

The skin segments were fixed in Bouin’s for 24 h, processed for hematoxylin and
eosin (HE) coloration and the laminas were mounted on Canada Balsam.

Nine non-serial sections (one to each 15 cuts approximately), of the 6-7 um of
thickness, per area were obtained from each animal and submitted to morphometric and
numerical profile analyses. Hypodermis thickness was determined by five measurements
per cut, being used objective of 40x, ocular millimetered from Zeiss adjusted with a
slide object from Zeiss™. Hypodermis thickness was considered from the dermis-
hypodermis limit up to the surface fascia; therefore the measurements obtained refer to
the areolar layer. The numerical profile of adipocytes was determined in six images per

section using the ProSeries Grab and Image ProPlus programs.

4. Statistical Analysis
In order to compare the effects of the different treatments in the hypodermis
thickness as well as in the numerical profile one-way analysis of variance (ANOVA)

followed by the Tukey test was used, with the level of significance set at 5%.
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RESULTS

Morphometric analysis showed a significantly reduction in the hypodermis
thickness in the area treated with caffeine in combination with ultrasound (p < 0.05).
When the treatment was caffeine or ultrasound alone there were no significant
morphometric alterations in the hypodermis thickness (Table 1).

The histological analyses of adipocytes showed that the only treatment that was
effective in reduce the cell number (Table 2) and produce morphological tissue

alterations (Figure 1) was the application of caffeine gel in combination with ultrasound.

DISCUSSION

Swine skin is used in this research, since its level of permeation is very similar to
the permeability of the human skin. Swine skin stratum corneous presents similar
thickness in relation to the human skin and smaller amount of hair compared to the skin
of other animals'?. Moreover, the [-adrenenoceptors population of the subcutaneous
adipocytes is similar in swine and human beings".

Our results showed that the only treatment that effectively reduced the hypodermis
and the adipocytes number was to the association between gel caffeine with ultrasound.
These results confirm the effect of ultrasound as a promoter of cutaneous permeation of

caffeine. Several studies point out to explain the role of ultrasound in cutaneous
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permeation. Both the thermal and mechanical properties of US accelerate the diffusion
of medications in the skin.

The thermal effects of US include increase in kinetic energy of the compound
molecules of the drug, dilation of the skin follicles and glands, and vasodilation which
increase local blood flow®’. The mechanical effects are include oscillation in the cells
positiong’ 10, variation of the cell membrane potential, which leads to the breakdown of
the intercellular links, and alteration of the lipid structure of the corneous layer, increase
in ionic conductance, or destruction of the cell membrane® all these combined effects
facilitates the molecules flow towards the target tissue” '°.

The caffeine permeation of the skin when the gel was applied in combination
with US was probably due to the mechanical effect, supporting the data obtained by
MITRAGOTRI? since topical application, even when done by massage, did not produce
morphometric alterations in adipose tissue. BAAR and TASLET?® reported that massage
produces an increase in the cutaneous temperature due to direct mechanical effects and
vasomotor reflexes.

ROHRICH er al.*® through histological and enzymatic analyses did not observe
any effect of the ultrasound and of the massage in the adipocytes.

In vitro studies have demonstrated that B-adrenergic agonists and methylxanthines
stimulate lipolysis by an increase in the AMP, intracellular concentration due to
adenylilcyclase stimulation and phosphodiesterase inhibition respectively, thus reducing

the adipocyte sizel. CHEUNG et al.® as well as ZHANG and WELLS®' observed a
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decrease in adipocyte diameter and body weight, due to a decrease in the number of
adipocytes, and/or decrease in adipocytes triglyceride content, in rats treated with
solution of caffeine compared to control rats.

Caffeine is a competitive antagonist of the adenosine receptor. The four subtypes
of adenosine receptors that have been characterized and defined are A, Az, Az and Aj.
Activation of the A; receptor inhibits lipolysis and activates potassium channels'’.
Caffeine blockade of the A; adenosine receptor, avoid its inhibition of adenylilcyclase
via Gi protein?, thus increasing lipolysis.

By increasing the local concentration of AMPc, caffeine acts synergicaly with the
catecholamines, potentiating the action of the already present catecholamines™. The
action of caffeine on lipolysis may, therefore, be the result of synergism between the
action of caffeine itself on phosphodiesterase and the action of catecholamines on
adenylilcyclase, which contribute to increase the ratio of active AMPc and HSL, which
in turn induces lipolysis!.

. 34 .. 35
In vitro®" and in vivo

experiments demonstrated that the lipolytic action of
caffeine used alone is weak.

Moreover, as is the case for all methylxanthines, caffeine may cause nervous
excitation, sleep disturbances and problems with incrased diuresis and heart rate®’. These
disadvantages justify the use of a route of administration which reduces these risks to a

minimum, like the cutaneous permeation route which produces lower plasma levels, and

involves no risk of association of medications that can provoke serious side effects®.



49

BELILOWSKY? and LAMBERT™, who observed that, on applying a gel based
on 5% caffeine to the skin, a localized therapeutic effect is obtained at the level of the
adipose tissue, with reduced levels of caffeine in plasma. After the repeated use of the
product, the serum levels obtained were 0.45 pg/ml, lower than those measured after the
absorption of a cup of coffee, corresponding to a quarter of the oral absorption.

Phonophoresis has several advantages over other therapeutic modalities used for
the treatment of FEG such as localization of the treated region, production of a local
effect, reduced systemic effects, reduced number of sessions when the effects of
medications are combined with the physiological effects of US, in addition to permitting
the same penetration as obtained with mesotherapy, since US of 3 MHz can penetrate
transcutaneously to a depth of 1 to 2 cm 6,

This compilation of the intrinsic effects of US and of caffeine perhaps explains
the alterations seen in Figure 1, since US increases membrane permeability, increases
the diffusion of the medication and potentiates its action. This may stimulate the damage
to the adipocytes because when the fatty acids are released from the adipocyte by
lypolisis they bind to albumin and in its absence the fatty acids forms micelles which,
following LIMA et al. 3 are able to act as detergents, rupturing proteins and membrane
structures.

By the other way LAGNEAUX et al.** observed cellular damage in human
leukemia cell lines submitted to ultrasonic irradiation at low energy. However the

parameters of the ultrasound, used in this healthy experiment very different from those
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used by us. Though ultrasound only produces effect in the tissue that absorbs their
waves. The absorption coefficient of the adipose tissue is very low, being above only of
the water and of the blood*" **. Besides, GLICK et al.® didn’t observe significant
changes in cAMP in skin, lung and peritoneal cells of mouse submitted to treatment with

ultrasound.

CONCLUSION
US was effective in increasing the cutaneous permeation to facilitate the action

of caffeine, resulting in a reduction of hypodermis thickness and of adipocyte number.
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Table 1. Hypodermis thickness measurements (mean + sem, in mm) in the different
treatments. Male swine were treated for 15 days. Each animal received all
treatments in different areas as follows; control area, GEL; US; CAF and
US+CAF area. The data were analyzed by ANOVA followed by the Tukey test

(n=5).

TREATMENT AREA mm

Control 2.81 +0.10
Gel 242 +0.20
US 240+ 0.22
Caf 2.14+0.13
US+CAF 1.95 +0.19*

* p <0.05 compared to control
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Table 2. Hypodermis numerical profile (mean + sem) obtained in the different
treatments. Five male swine were treated for 15 days. Each animal received
all treatments in different areas as follows; control area, GEL area, US area,
CAF area, US+CAF area. The data were analyzed by ANOVA followed by

the Tukey test (n=5).

TREATMENT AREA CELL NUMBER

Control 37+2
Gel 35+2
uUS 35+2
Caf 36 +3
US+CAF 27+ 1%

*p <0.05 compared to control



59

(c) (d)

(e)

Figure 1. Photomicrographs (HE) of the hypodermis after the different treatments. Five
male swine were treated for 15 days. Each animal received all treatments in different
areas as follows; (a) control area, (b) gel area, (c) US area, (d) CAF area, (e) US + CAF

area.
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ABSTRACT

Mesotherapy is usually employed in cutaneous affections and esthetical conditions
such as keloids and hyperthophic scar, cellulitis and lipodystrophy. Cellulitis is
characterized by structural alterations in dermis and hypodermis. Caffeine has been
indicated for its treatment due to lipolysis increment. The following treatments were
applied to 2 previously shaved areas of the backs on each of 5 pigs (Landrace x Large
White, 35 days old and weighing 15 kg): mesotherapy with caffeine (2%) area and control
area. Four mesotherapy sessions were accomplished in no consecutive days (in the 3", 7%,
10™ and 13" days of treatment). After histological processing (HE), morphometric analyses
were carried out to determine hypodermis thickness of adipose tissue. The morphometric
analysis showed a significant reduction in hypodermis thickness in the group treated with

mesotherapy (Student ¢ unpaired test; p<0.05).

Keywords: caffeine, intradermic infiltration, mesotherapy, adipose tissue, swine.
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INTRODUCTION

Cellulites is an alteration of the topography of the skin that occurs mainly in
women. It is characterized by padded or ‘orange peel’ appearance!. Although the term
‘cellulites’ has been used to describe an aesthetic alteration of the cutaneous surface, other
names have been suggested as: nodular liposclerosis?, oedemato-fibrosclerotic
panniculpathy?, panniculosis®, gynoid lipodystrophy (GLD) °, geloid fibro oedema (FEG) °
and others.

The cellulites cannot be confused with obesity. The first is characterized by several
structural alterations in dermis, in the microcirculation and within the adipocytes. These, in
turn, may be associated with additional morphological, histochemical, biochemical and
ultrastructural modifications’”. The obesity is characterized for adipocyte hypertrophy and
hyperplasialo.

Due to multifactoral pathogenesis of GLD, there are numerous therapeutic
approaches that include attenuation of aggravating factors, physical and mechanical
methods, and pharmacological agents!.

Certain drugs act on the fatty tissue and connective tissue and on the
microcirculation that can be used topically, systemically or transdermally!. Enter the drugs
used that have a lipolytic effect include the P-adrenergics agonists (isoproterenol and
adrenaline), a-antagonists (yoimbine, piperoxan, etc) and methylxanthines (caffeine,
theobromine, theophylline, aminophylline), which act through phosphodiesterase

inhibition™ ',
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Intradermotherapy (mesotherapy) was introduced by Pistor in 1952. This technique
consists of intradermal injections of a highly diluted drugs mixture or of a single product,
through syringe or apparel, with needle of 4-6 mm'?.

The ‘ideal’ drug used must be hydrosolluble, isotonic, have an adequate pH, be
physical and chemically stable, be well tolerated after dermal administration, and have low
allergenic potential”.

Although the mesotherapy be commonly used, researches controlled in this area still

are poor. The aim of the present study was to investigate whether the treatment through

intradermic infiltration with caffeine produce some alteration in hypodermis.

MATERIAL AND METHODS

During the experiments, the swines were cared for in accordance with the principles
outlined by OLFERT et al."® for the use of animals for research and education, and the
experimental protocols were approved by the Committee for Ethics in Animal Research
(State University of Campinas — UNICAMP — protocol n° 614-2).

Five male hybrid swine (Landrace x Large White), not castrated, 35 days old and
weighing approximately 15 kg were used and obtained from the Alvorada’s country
property. The animals were fed with water and ration composed by crushed corn, soy flour,
meat flour, calcareous, salt, polinucleous Fapec “ad libitum”. Ivomec® was applied as a

prophylactic measure against ectoparasites.



65

One day before the beginning of the treatment, two areas (2 cm?) of the dorsal region
were shaved with a shearing machine (comb number 0). The mesotherapy was
accomplished in four sessions (in the 3rd, 7th, 10" and 13 days of treatment). One area was
used as control and the other area received intradermic infusion of 2 ml of a caffeine

solution (2%).

Histological Processing

After 15 days of initiated the treatment the animals were sacrificed by infiltration of
anesthetic and segments of skin were removed from the areas, with care taken to collect the
underlying hypodermis as well and the skin segments were fixed in Bouin’s for 24 h. Each
area of treatments had obtained eight non-serial sections of 6-7 um thickness, which are
stained with hematoxylin and eosin (HE) and submitted at morphometric and histology
analyzes. Hypodermis thickness was determined from the dermis-hypodermis limit up to
the surface fascia; therefore the measurements obtained refer to the areolar layer.
Hypodermis thickness was determined by five measurements per cut, being used objective

of 40x, ocular millmetered of Zeiss adjusted with a slide object of Zeiss'.

Statistical Analyzes

For the hypodermis thickness analysis, the Student 7 unpaired test was used, with the

level of significance set at 5% '°.
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RESULTS AND DISCUSSION

In agreement with CIPORKIN and PASCHOALS, as well as KAPLAN' the
intradermotherapy possess several advantages: loco-regional treatment, avoiding the first
hepatic passage; decrease of number dose, number of sessions and side-effects. Therefore,
mesotherapy treatment would be an option to reduce the side-effects of caffeine, such as:
the risk of provoking nervous excitation with sleep disturbances and problems with diuresis
and heart rate'®,

Data in Figure 1 show that the reduction in the hypodermis was observed in the area
treated with mesotherapy of caffeine (p < 0.05). This treatment also provoked a flattening
in the lobes of adipose tissue, taking to the reduction of the hypodermis thickness.

CHEUNG et al. " and ZHANG and WELLS? tested the effect of chronic treatment
with caffeine on lipolysis in the adipose tissue of rats and observed a decrease in body
weight and in adipocyte diameter in rats treated with caffeine compared to control rats.

The caffeine is an important antagonist of adenosine receptor and an inhibitor of the
phosphodiesterase. The inhibition of the adenosine receptor maintain adenylyl cyclase
stimulated, increasing synthesis of cAMP that active protein kinase A, and produce
phosphorylation of hormone-sensitive lipase (HSL) and perilipin. The caffeine, also inhibit
phosphodiesterase which produce cAMP degradation, maintained active the cAMP and
consequently the lipolysis.

In the Figure 1 we can observe that the intradermotherapy with caffeine, besides to
produce flattening of the lobules of adipose tissue, decreasing the thickness of hypodermis,

also produced lyses of the adipocytes.
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This damage can be occurring for mechanical forces of infiltration. Although can be
observed damage cell in lipoplasty where is realized infiltration of saline, the volume is
larger. Beside in previous work in our laboratory shown that does not occur this phenomena
when did infiltrate amount of physiologic serum without the drug is small — 2 ml (data not
shown).

When the occur lypolisis the molecules of fatty acids were mobilized for sanguine
current bind to albumin. If the plasmatic concentration of albumin is low, the solubility of
the fatty acids may rise above 1uM. Thus, the fatty acids form beads that act as detergents,
rupturing proteins and membrane structures®'.

We should also take into account that the intradermic administration promotes an
increase maximal concentration in local”, diffusion more slow that maintaining its effect
for larger time’. This could be contributing to a larger action of the caffeine elevating the
amount of fatty acids.

Although some references in the literature indicate the caffeine as drug to be used in

the mesotherapy” > '* 17

, we did not find reports demonstrating the effectiveness of this
conduct, what difficult the comparison of our data.

Although our data demonstrate the efficacy of mesotherapy with caffeine decreasing
the thickness of hypodermis, it should be taken into account the risks that this technique

produces. Cases of systemic and local side-effects have been described, such as atypical

mycobacterium infection, due to lack of aseptic conditions.

CONCLUSION
The mesotherapy with caffeine was efficient in the reduction of the adipocytes,

provoking however, alterations hypodermis, with presence of adipocytes destruction.
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Figure 1. Hypodermis thickness measurements (mean + SEM, in mm) in the different
treatments. Male swine were treated for 15 days. Each animal received all treatments in
different areas as follows; control area, mesotherapy with caffeine area. The data were

analyzed by Student ¢ test unpaired (n=5). * p < 0.05.
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CONTROL CAFFEINE

Figure 2. Photomicrographs (HE) of the hypodermis after treatments with caffeine. Male
swine were treated for 15 days. Each animal receive mesotherapy with caffeine in 2cm?

area from the dorsal skin. Another not treated dorsal area was used as control.
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ABSTRACT

Cellulites is characterized by structural alterations in dermis and hypodermis.
Topical use of caffeine has been indicating for his treatment by being an increase of the
lipolysis. Ultrasound is usually employed in cutaneous affections and esthetical conditions
such as keloids and hyperthophic scar, cellulites and lipodystrophy and as an accentuator
of cutaneous permeation. The aim of this work was verify the lipolytic response of
subcutaneous adipocytes isolated from swines treated during fifteen days with topic
application of caffeine associated or not with therapeutic ultrasound. For this purpose the
following treatments were performed, during fifteen days, to five previously shaved areas
of the backs on each of 5 pigs (Landrace x Large White, 35 days old and weighing 15 kg ):
gel (carbopol 940), gel+US (US), gel+caffeine (5%; CAF), and gel+caffeine+US
(US+CAF), daily for 15 days. A 5" untreated area was used as control. Continuous US of
3 MHz with an intensity of 0.2 W/cm? was applied at a rate of 1 min/cm?. After the end of
treatments adipocytes from each area were isolated and a lipolytic assay was carried out to
analyze the sensitivity to isoprenaline. Our results showed that the adipocytes isolated
from US+CAF area presented an increase on lipolysis production when submitted to ice
melting, and basal incubation. The maximal lipolysis induced by isoprenaline was also
increased in adipocytes isolated from US+CAF treated area. Our results allowed us
conclude that the US and caffeine application was not effective when applied isolated but
the US was effective as an accentuator of caffeine permeation due to a lipolytic effects

observed in adipocytes isolated from this area.

Key word: subcutaneous adipocytes, caffeine, phonophoresis, lipolytic response.
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INTRODUCTION

The measurement of lipolysis can be used to assess the response of adipose tissue
to B-adrenergic agonists and antagonists, or to other physiologically or pharmacologically
active compounds!. It is well established that at least three -adrenoceptor subtypes (1,03 2
and [33) coexist in the fat cells of the white adipose tissue of swine? or other mammalian
species“. Lipolysis is stimulated when one of several different agonist types interacts with
a specific cell membrane receptor the 3-adrenoceptors (B-AR), and stimulates Gs proteins
with sequential activation of adenylyl cyclase, increases synthesis of cAMP, activation of
protein kinase A (PKA), produces phosphorylation of hormone-sensitive lipase (HSL) and
perilipins””. This initiates the lipolytic process, which releases fatty acids and glycerol®
19 Endogenously, the B-AR are activated by norepinephrine and epinephrine which are the
endogenous lipolytic agents. Conversely, A; adenosine receptors (A;R) are cell surface
receptors coupled to Gi proteins that inhibit adenylyl cyclase and reduce intracellular
cAMP levels. Therefore, the stimulation of AR opposes the action of the BAR''.
Lipolysis may also be inhibited by an increase in activity of the enzyme cAMP-
phosphodiesterase which hydrolyze cAMP to AMP and adenosine'"'2.

Caffeine, a xanthine derivative, is an inhibitor of cAMP-phosphodiesterase and act
as an antagonist of adenosine receptors'®". For these reasons, caffeine is largely used as
agent that potenciate the lipolytic response and it can be found in a number of topic
cosmetic preparations.

In order, to reduce the barriers of the skin and improve permeation some chemical

and physical agents had been use. A physical agent commonly used as accelerator of the



77

transdermic transport is the ultrasound, in a process called phonophoresis or
sonophoresis'®'®.

The aim of the present study was to investigate whether the treatment during
fifteen days with topic application of caffeine, associated or not with ultrasound, in swine

would induce any alteration in the basal or stimulated lipolytic response in subcutaneous

adipocytes.

MATERIAL AND METHODS

1. Animals
During the experiments, swine were cared for in accordance with the principles
outlined by OLFERT ez al." for the use of animals for research and education, and the
experimental protocols were approved by the Committee for Ethics in Animal Research
(State University of Campinas — UNICAMP — protocol n° 614-2).

Five male hybrid swine (Landrace x Large White), not castrated, 35 days old and
weighing approximately 15 kg were used and obtained from the Alvorada’s country
property. The animals were fed with water and chow composed by crushed corn, soy flour,
meat flour, calcareous, salt, polinucleous Fapec “ad libitum”. Ivomec® was applied as a
prophylactic measure against ectoparasites.

One day before the beginning of the treatment, the dorsal region areas was shaved
with a shearing machine (comb number 0), avoiding the removal of the corneous layer,

which could alter the skin permeability.
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2. Topic Treatments
After trichotomy, the dorsal region of each animal was divided into five areas of 8
cm’: control, gel (GEL), caffeine gel (CAF), ultrasound application plus gel (US) and US

application plus caffeine gel (US+CAF).

2.1. Gel Area

Gel was applied daily, during fifteen days, on the skin through out circular friction
(massage therapy) until hyperemia and increases of the temperature of the skin were
achieved. The amount of gel applied to each area was 3 g.

The gel was prepared with 1% Carbopol 940°, 10% propyleneglycol 5%,0.1 M
sodium acetate buffer, pH 7.1, 25% absolute ethyl alcohol, and triethanolamine (qsp, pH

7.0).

2.2. Caffeine Gel Area

Caffeine gel was applied daily, during fifteen days, on the skin through out circular
friction (massage therapy) until hyperemia and increases of the temperature of the skin
were achieved. The amount of gel applied to each area was 3 g.

The caffeine gel was prepared as follows: 5% of anhydrous caffeine (Sigma
Chemical Company, St. Louis, MO, USA) was pre solubilized in sodium acetate buffer
0.1 M pH 7.1 containing ethyl alcohol absolute (25%) and propyleneglycol (10%); final
solution revealed a pH around 7.0 — 7.5 and was incorporate to gel formulation upper

described.
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2.3. Ultrasound application

The US (Sonomaster Microcontrolado - KW Ind Nac de Tecnologia Lt, Amparo, Sao
Paulo, Brasil) was applied daily, during fifteen days, over the skin area with gel (US) or
caffeine gel (US+CAF) and it was set at 3 MHz, due to superficiality of the adipose
tissue”’; intensity of 0.2 W/cm? *!, continuous emission®> and application time of 1
min/cm? >, with the transducer being moved slowly and continuously until the end of the
application®.

The calibration of US intensity set at a frequency of 3 MHz in the US scale OHMIC
CS Instruments Co (Easton, USA) was performed with degassed and distilled water. The
measurement of US transmission in gel was performed. The methodology adopted was the
one proposed by GUIRRO et al.”®, which consists of the use of a US scale composed of a
conical metal target inside a rubber reservoir containing degassed distilled water. An
acrylic ring was fitted to the US transducer and the gel was added to this ring, which was
then covered with a PVC film so that the gel would not dissolve in the scale’s water, and
fixed with elastic. The transducer was immersed 1 cm below the water surface, directly
above the conical metal target. The US waves release energy on this target, which is
triggered by the scale. The US was regulated to supply a frequency of 3 MHz and a power
of 0.8 W (0,2W/cm?, ERA 4 cm?). This assay was carried out using gel and caffeine gel,
and its transmission percentage was verified in relation to water, pondering the variation
of 10% in the US apparatus and 0.07% in the balance. The procedure was realized five
times for each kind of gel. The presence of gel (carbopol 940®) or gel added of caffeine
(5%) did not produce the attenuation of the US intensity evaluated by the transmissibility

test (data not shown).
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3- Adipocytes isolation and lipolysis measurements

The animals after being exposed to the treatment for 15 days were sacrificed by
infiltration of anesthetic and the adipocytes of the different areas were isolated for the
lipolytic activity analysis. Adipocytes were isolated from subcutaneous fat pads based on
modifications of RODBELL’s original procedures®®. Adipose tissues from each area were
weighed, divided in 5 samples of 2-3g, then each sample was minced and digested in five
20 ml polyethylene vials containing 6 ml of Krebs Ringer bicarbonate buffer, 25 mM
HEPES, 6mM glucose pH 7,4 (KRB buffer) with 1 mg/ml collagenase (type 2,
Clostridium histoliticum, Sigma), 3% bovine serum albumin (BSA, fraction 5, fatty acid-
free, Sigma, Chemical.Co., St. Louis, MO, USA) - KRBA. The vials were shaken at 60
cycles/min at 37°C during 45 min. The resulting cell suspension was filtered through a
nylon mesh (200 um) and washed tree times with 10 ml of KRBA. The cell suspensions
from five different vials were then mixed and washed. Each wash had an interval of 3
minutes. An aliquot of the final cellular suspension was counted in Mallasez chamber.

Aliquots of the cell suspension (100,000 cells) were distributed in polyethylene
vials with capacity for 2 ml containing fresh KRBA with 10 ul of isoprenaline (10 nM to
10 uM) for 60 min with gentle shaking of 60 cycles/min) in water bath, at 37°C. The final
volume was of 1 ml. Isoprenaline at suitable dilution was added to the cell suspension just
before the beginning of the assay. Tubes containing cells and KRBA buffer, without
agonist, were carried out to obtain basal glycerol production. After incubation, the tubes
were placed in melting ice, the floating adipocytes were discarded and the infranatant was

assayed for glycerol measuring.
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The lipolysis produced by technical handle manipulation was analyzed preparing
tubes containing cells (100,000 cells) and KRBA buffer which were immediately placed in
melting ice. This procedure has the objective to stop all enzymatic reactions’ . These tubes
were maintained in melting ice during 75 min, after this time floating adipocytes were
discarded and the infranatant was assayed for glycerol measuring.

Lipolysis was quantified by measuring the release of extra cellular glycerol.
Aliquots of the infranatant (100 ul) were used for glycerol determination. Each incubation
vial was run in triplicate, and the results are the means of experiments from different
animals performed on different days.

The glycerol produced is measured by coupled enzyme reactions catalyzed by
glycerol kinase, glycerol phosphate oxidase and peroxidase. The enzymatic reactions
involved in the assay are as follows™® % Glycerol is phosphorylated by adenosine
triphosphate (ATP) forming glycerol-1-phosphate and ADP in the reaction catalyzed by
glycerol kinase. Glycerol-1-phosphate is then oxidized by glycerol phosphate oxidase to
dihydroxyacetone phosphate and hydrogen peroxide. A quinoneimine dye is produced by
the peroxidase catalyzed coupling of 4-amonoantipyrine (4-AAP) and sodium N-ethyl-N-
(3-sulfopropyl)m-anisidene (ESPA) with hydrogen peroxide, which shows maximum
absorbance at 540 nm. The increase in absorbance at 540 nm is directly proportional to the
glycerol concentration of the sample. (Catalog number 02700-LABORLAB AS,
Guarulhos, SP-BRASIL).

Half-maximal effective isoprenaline concentration values (ECsp) were obtained and

expressed as pD; values (- log ECsg). The results are expressed as means of pumol glycerol
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produced by 10° cells during 60 min of incubation time. Concentration-curve effects were

plotted as percentage of isoprenaline maximal effect in control group.

4. Statistical analysis
Data were analyzed statistically by one-way analyses of variance followed by the

30, 31

Newman-Keuls test or by Stundent’s ¢ test for unpaired samples®> **. Differences were

considered significant at p<0.05.

RESULTS

Melting ice induced a significant increase on glycerol production by adipocytes
isolated from the skin area submitted to caffeine associated to US treatment (control: 0.40
+ 0.03, GEL: 0.39 + 0.04, US: 0.57 + 0.08, CAF: 0.47 + 0.05, US + CAF: 0.94 + 0.25
umol glycerol.10° cells/75 min; Figure 1). None of the other treatments induced any
significant alteration in the glycerol release from adipocytes maintained in melting ice.

The basal glycerol production was also significantly higher in adipocytes isolated
from the area submitted to caffeine associated to US treatment (control: 0.49 + 0.02, GEL.:
0.61 + 0.04. US: 0.48 + 0.08; CAF: 0.51 + 0.05; US+CAF: 0.76 + 0.11 umol glycerol.lO6
cells/60 min; Figure 2).

None of the treatments altered the sensitivity of adipocytes to isoprenaline.
However the maximal lipolytic response induced by isoprenaline was significantly
increased in adipocytes isolated from the skin area submitted to caffeine associate with

therapeutic ultrasound (Table 1).
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The analysis of the dose-response curves show that adipocytes isolated from GEL
and from CAF area treatments present a significant reduction of lipolysis induced by 0.1
and 1 uM isoprenaline (Figure 3 A and C), whereas the treatment of ultrasound associated
to caffeine produces a significant increase of lipolysis induced by 0.1 and 1 uM to

isoprenaline (Figure 3 D).

DISCUSSION

In the last several years, body-contouring management has been the subject of many
innovative ideas. Numerous publicities promise decreases the local fat through physical
treatment®” *°. However this effect remain controversial because exist few research with
scientific validation®®.

Researches on this field are performed in swine skins since there are anatomical and
physiologic similarities between human and swine skin *’. The similarity in the response
to B—adrenergic agonists and antagonist in human suggests that the proportion of 3; 3, and
B3 is similar to the swine?.

The figure 1 shows that the phonophoresis of caffeine produce raised glycerol
production in the aliquots submitted in melting ice. However this procedure has the
objective to stop all enzymatic reactions, we cannot say that this didn't occurred, since in
other groups there was not increase in the glycerol production. WATSON and MORRIS?®
mention that damage to cell structure and function arising from a sudden reduction in
temperature depends on cell-type, but reflects the underlying structural and biochemical
damage which has been inflicted by rapid cooling. In particular, membranes lose their

selective permeability with the result that many cellular components are released including
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lipids, proteins and ions. Additionally, sodium and calcium gain access to the interior of
the cell’”. Consequent upon this initial disruption, metabolic activities are diminished and
further secondary changes ensue. This is influenced by membrane composition, and much
experimental evidence points to particular involvement of membrane lipids. One
hypothesis implicates lipid phase changes in a cooling rate dependent loss of membrane
integrity.

As the melting ice effects on lipolysis were observed only on adipocytes isolated
from US+CAF area probably this association induces fragility on membrane cells
adipocytes. This phenomenon occurred, probably, for the effect cytotoxic of the fatty acids
liberated by the lipolysis induced by the caffeine. Works previous in our laboratory
demonstrated that the treatment of ultrasound with caffeine gel produced lysis in the
adipocytes due to the effect cytotoxic the fatty acids. We should take into account that the
number of incubated cells was the same for all of the experimental groups, discarding the
hypothesis of have incubated destroyed cells. However, the adipocytes of the group US +
CAF incubate in ice could be with their fragile membranes due to the large amount of fatty
acids.

Our results also showed that the adipocytes isolated from area submitted the US +
CAF presented a basal glycerol production increased significant (figure 2). The hormones
that affect the lipolysis acutely in adipocytes are the catecholamines (epinephrine and
norepinephrine) and the insulin®’. The regulation of the lipolysis for the catecholamines
involves the stimulation of the adenylate cyclase for the subtypes B-AR and the inhibition
for the subtype a,-AR*. Besides, paracrine mediators, such as the adenosine, they present
potent action antilipolytic**. The adenosine liberated endogenously if it links to AR of the

plasmatic membrane of the adipocytes and they inhibit the adenylate cyclase, taking to a
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tonic inhibition of the lipolysis****. The deamination of the adenosine in iosine, for the
enzyme adenosine deaminase, increases the lipolysis in adipocytes®.

The basal lipolysis is inhibited preferentially by the adenosine. The insulin, same
being a potent substance anti-lipolytic doesn't affect the basal lipolysis. Morimoto
studying isolated adipocytes of mice demonstrated that the insulin inhibits only the
lipolysis induced by the agents lipolytics, such like the noradrenaline and ACTH, however
no the basal lipolysis that it happens in the absence of agents lipolytics. As already
mentioned above, the adipocytes of swine submitted to the treatment of US + CAF
presented an expressive increase in the basal lipolysis, what can be explained by the
antagonistic action of the caffeine on the adenosine receptors.

PEDINI and ZAIETTA® observe increase of plasmatic glycerol and fatty acids in
individuals submitted to the local massage by 20 minutes. LUCASSEN et al.*® through
measure by ultrasound imaging verify decrease in the adipose tissue of the thigh submitted

1.35

to mechanical massage. CHANG et a through corporal circumference analyses

observed that the massage is an effective method for fat mobilization and body contouring.
However other researches observed no results using this treatment® ** 7,
The analysis of dose-response curves showed that adipocytes isolated from GEL
and from CAF area treatments present a significantly reduction of lipolysis induced by 0.1
and 1 uM to isoprenaline (Figure 3 A and C). The manipulation, induced by massage
(GEL and CAF area) of the skin and of the fascia exerts an effect reflex on the muscles of
the arterioles, what activates a contraction additional reflex, following by dilatation*®. This
9

arterial dilation is predominately mediated via the activation of adenosine receptors4 .

Being the adenosine an agent anti-lipolytic, the reduction of response to isoprenaline can
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be explained. This result reinforces the evidence that caffeine is not easily permeate
through the skin and needs US association to exert its effects.

The massage as promoter of the cutaneous permeation to caffeine cannot be
observed, since there is no alteration on basal lipolysis in adipocytes isolated from CAF
area. Besides, the maximal response induced by isoprenaline in adipocytes isolated from
this treated area was significantly reduced when compared to control area adipocytes.
Several authors mentions that the increase of temperature is a promoter of the permeation

due to enlarger the pores and intercellular spaces'® "'

. The concentration-response curve
to isoprenaline in adipocytes isolated from GEL and CAF area showed the same profile
(figure 3A and C). These results, in this time studied, contradict LAMBERT’? that
obtained decrease of circumference of knee and perithrocanter region with topical
application of caffeine gel (5%).

Our results showed that the ultrasound treatment did not produce effect lipolytic,
stimulate or not by isoprenaline, produced by adipocytes isolated from this area. However
several authors mention the use of ultrasound for body-contouring®. The defenders of
the ultrasound application as a reducer of the corporal fatty justify these effects due to
cavitations mechanism. Cavitations can easily be observed in liquid media due to local
variations in acoustic pressure induced by the ultrasound wave generate small bubbles.
The cavitation can be of two types: stable in response to the regularity of the pressure
changes and unstable when there is a violent implosion of bubbles if the peack of the
intensity goes. The unstable cavitation loud provokes the production of free radicals’" .
ROHRICH et al.’’ through histological and enzymatic analyses didn't observe any effect

of the ultrasound and of the massage in the adipocytes cellular destruction. Though the

ultrasound only produces effect in the tissue that absorbs their waves. The absorption
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coefficient of the adipose tissue is very low, being above only of the water and of the
blood*" %8, Besides, GLICK et al.” didn't observe significant changes in cAMP in skin,
lung and peritoneal cells of mouse submitted to treatment with ultrasound.

The increase on basal glycerol production (155% to control) and maximal response
to isoprenaline (152%) in the area submitted to caffeine associated to US treatment
demonstrates the effectiveness of the ultrasound in increase the permeation cutaneous of
drugs. The promotion of the permeation occur mainly mechanic effect. The mechanisms
involved with the mechanical effects are cavitation, radiation fork and acoustic
microflow®.

The concentration-response curve show an shift to the right, demonstrating a
tendency of increasing the sensibility of the receptors, although it has not had significant
differences in the pD, value for this time of treatment. The increase on basal glycerol
production and maximal response to isoprenaline is clearly an effect induced by caffeine,
as an inhibitor of adenosine receptors (basal glycerol increase) and as an
phosphodiesterase inhibitor (increasing the isoprenaline lipolytic effects).

With our protocol treatment (based on clinical ones) we can concluded that
caffeine exerts its effect on lipolysis only when associated with US application and also
that this effect is local because no alteration on lipolysis is observed in any other area.

The results presented here suggest that the effect lipolytic of the caffeine only
occur with association of the ultrasound, demonstrated that the ultrasound is important
promoter of the cutaneous permeation. The treatment of caffeine isolated or associated
with ultrasound, as well as the massage and ultrasound no produce alterations in

sensitivity of tissues to isoprenaline in adipocytes isolated of swines.
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Figure 1. Glycerol production by adipocytes isolated from subcutaneous area submitted to
different treatments and after 75 min in melting ice. Each animal received all treatments in
different areas as follows; control, US, CAF, US+CAF. Values are means + SEM of
experiments performed in triplicate. Statistical analysis was performed using ANOVA

plus Newman-Keuls tests. * Significantly different from the other groups, at p < 0.005.
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Figure 2. Basal glycerol production by adipocytes isolated from subcutaneous area
submitted to different treatments. Each animal received all treatments in different areas as
follows; control area, gel + US area, gel + caffeine area, gel + caffeine + US area. Values
are means + SEM of experiments performed in triplicate. Statistical analysis was
performed using ANOVA plus Newman-Keuls tests.

* Significantly different from control, US and CAF the other groups, at p < 0.005.
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Table 1- Lipolytic potency and maximal lipolytic responses to isoprenaline in

subcutaneous adipocytes isolated from swines.

Isoprenaline
Treatments Area D, B
Control 7.74+0.34 0.25+0.01°
Gel 7.394+0.41 0.19+0.03"
Ultrasound 7.95+0.24 0.20+0.03*
Caffeine 7.62+0.31 0.18+0.02°
Caffeine plus ultrasound 7.35+0.20 0.3810.06b

The values are means + SEM of 5 experiments performed in triplicate. The potencies of
the different treatments were evaluated by their ECsp, which corresponds to the
concentration of agonist inducing 50% of maximal lipolysis, expressed as pD» (- log
ECsp). Emax 1s the maximal responsiveness minus basal lipolysis (control: 0.49 + 0.01, gel:
0.61 + 0.04. ultrasound: 0.48 + 0.08; caffeine 0.51 + 0.05; caffeine plus ultrasound: 0.76 +
0.11 pmol glycerol.lO6 cells/60 min). Statistical analysis was performed using ANOVA
plus Newman-Keuls tests. Values followed by different letters are significantly different

(p<0.05).
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Fig. 3. Concentration-response curves for stimulation of glycerol release subcutaneous
adipocytes of control (OJ) and submitted to different treatments, gel (m), ultrasound (A),
caffeine (V) and ultrasound plus caffeine ( ) . For the several treatments the values were
normalized by assuming the maximal effect of treatment in the control groups to be 100%.
Data are means and vertical bars represent the SEM. * p<0.05 when compared with

control values in the same agonist concentration.
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CONCLUSOES

e Os resultados obtidos a partir do estudo in vitro, utilizando célula de difusdo nos
levam a conclusio de que o ultra-som acentua e acelera significativamente a
permeacdo da cafeina através da pele, permitindo entdo a realizacdo da fonoforese
com este farmaco no tratamento de lipodistrofias.

e As andlises histologicas da pele de suinos submetidas aos diferentes tratamentos
demonstraram que o ultra-som foi eficaz em aumentar a permeacdo cutinea a
cafeina, facilitando assim sua agdo. Os resultados obtidos demonstraram que a
cafeina aplicada desta forma levou a uma reducdo significativa da espessura da
hipoderme e que esta reducdo estd relacionada a uma reducdo significativa no
nimero de adipdcitos presentes nesta regiao.

e A aplicagdo intradérmica de cafeina produz redugdo na espessura do tecido adiposo
subcutineo de suinos promovendo lise dos adipdcitos.

e O estudo dos adipécitos isolados do tecido adiposo subcutineo de suinos
evidenciou, mais uma vez, a eficicia do ultra-som em promover a permeagao
cutanea, demonstrado pelo aumento da lip6lise basal e da resposta méxima
estimulada pela isoprenalina.

e A reducdo dréastica da temperatura, associada a acdo da fonoforese com cafeina
produz, provavelmente, lise dos adipdcitos.

e A aplicagdo tépica da cafeina, no tempo de tratamento estudado, ndo produz

nenhuma alterag¢do no processo de lipdlise.



100

e A aplicacdo do ultra-som, sem a utilizacdo de farmacos, ndo leva a nenhum efeito
sobre os parametros analisados provavelmente devido a baixa absorc¢ao do ultra-som

pelo tecido adiposo.
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