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This issue in brief - a renewed vision

The alteration of our normal paths in the last two years created
countless challenges around the world, and yet time marched
on. As Editor-in-Chief, I am proud that BBR continued forward,
thanks to the combined effort of our authors, our reviewers,
and our editors. We continued to work to improve our
organizational, technical, and scientific quality, and have taken
the opportunity to remind ourselves of our vision and prioritise
our objectives. From the beginning, our goal with this unique
project has been to foster societal progress through knowledge
with impact on (individual as in community) health within
the Portuguese speaking countries around the world. Still, we
recognize that the world is small, and that positive impact with
our lusofone universe can positively impact the world at large,
and the converse is also true. Our steps forward for this number
include operation improvements in our submission and review
processes, and important evolutions in our editorial policies,
including diversity, equity, and equality, and in our scope,
with more and more focus in core issues around the founding
domains of Biomedical and Biopharmaceutical Sciences. Our
commitment to excellence finds a clear expression in these
examples, and we intend to continue to actively consolidate our
future in this direction.

BBR is now exclusively structured in these two domains. The
Biomedical Sciences section begins with an original cross-
sectional study on the the “Impact of the year of graduation
on the positioning of nutrition professionals regarding the
vegetarian diet “ a recognised trend that still does not gather an
unanimous recognition among nutrition professionals (Biomed
Biopharm Res., 2021; 18(1): 4-14; 10.19277/bbr.18.1.248).

The next manuscript is an original exploratory paper comparing
the vegetarian-vegan and omnivore body composition of
young women. In recent years, vegetarian-vegan diets have
gained many followers, though systematic reviews regarding
the purported advantages over traditional diets are lacking.
An interesting set of results involving the adipose component,
in particular, justifies the need for larger study samplings,
currently ongoing (Biomed & Biopharm Res., 2021; 18(1): 15-
24;10.19277/bbr.18.1.258).

Another research paper investigating the inhibitory activity of
methanolic fruit extracts from several south America species on
a-amylase and intestinal a-glucosidase (maltose and sucrose)
follows. A potential application of some of these nutrients in
the control of glycemia is envisaged (Biomed & Biopharm Res.,
2021; 18(1): 25-37; 10.19277/bbr.18.1.259).

Jornalde Investigagao
Biomédicae Biofarmacéutica

Editorial

Vol 18: Number 1
(Vol 18: Numero 1)
10.19277/bbr.18.1.e

Este numero em breves notas - uma visao renovada

A alteracdo do “normal” nos ultimos dois anos criou inimeros
desafios em todo o mundo, e no entanto o tempo continuou a
avancar. Como editor-chefe deste jornal, estou orgulhoso por
termos continuado a avangar, gragas ao esfor¢o combinado
dos nossos autores, dos nossos revisores € dos nossos editores.
Continuamos a trabalhar para melhorar a nossa qualidade
organizacional, técnica, e cientifica, e aproveitamos a
oportunidade para nos lembrarmos da nossa visao e priorizar os
nossos propositos. Desde o inicio, o nosso objectivo principal
deste projecto Unico tem sido fomentar o progresso das
sociedades nos paises de lingua portuguesa em todo o mundo
através do conhecimento com impacto na saude (individual
como na comunidade). Ainda assim, reconhecemos que o mundo
¢ pequeno, e que o impacto positivo no nosso universo lusdfono
pode afectar positivamente o mundo em geral, sendo que o
inverso também é verdadeiro. Os nossos progressos neste nimero
incluem melhorias operacionais nos processos de submissao ¢
revisdo, e importantes evolu¢des nas nossas politicas editoriais,
incluindo diversidade, equidade e igualdade. No nosso ambito,
focamos cada vez mais questdes centrais em torno dos dominios
fundadores das Ciéncias Biomédicas e Biofarmacéuticas. O
Nnosso compromisso com a exceléncia encontra uma expressiao
clara nestes exemplos, ¢ pretendemos continuar a consolidar
activamente o nosso futuro nesta direcgao.

A BBR esta agora exclusivamente estruturada nestes dois
dominios. A sec¢do de Ciéncias Biomédicas comeca com
um estudo transversal original sobre o "Impacto do ano de
licenciatura no posicionamento dos profissionais de nutri¢do
relativamente a dieta vegetariana", uma tendéncia reconhecida
que ainda ndo foi conseguiu reunir opinides unanimes entre
os profissionais de nutricdo (Biomed & Biopharm Res., 2021,
18(1): 4-14; 10.19277/bbr.18.1.248).

O manuscrito que se segue retine um estudo exploratorio
original comparando a composi¢do corporal de mulheres
jovens vegetarianas-vegan ¢ omnivoras. Nos ultimos anos
a dieta vegetariana-vegan tém ganho muitos seguidores,
independentemente da falta de revisdes sistematicas sobre
as alegadas vantagens destas face as dietas tradicionais. Um
conjunto interessante de resultados envolvendo em particular o
tecido adiposo justifica a necessidade de maiores amostragens
de estudo, atualmente em curso (Biomed & Biopharm Res.,
2021; 18(1): 15-24;10.19277/bbr.18.1.258).

Segue-se um outro trabalho de investigacao que incide sobre a
actividade inibitoria dos extractos de varios frutos metanélicos de
espécies da América do Sul sobre a a-amilase ¢ a a-glucosidase
intestinal (maltose e sacarose) tendo em mente uma potencial
aplicacdo de alguns destes nutrientes no controlo da glicemia
(Biomed & Biopharm Res., 2021; 18(1): 25-37; 10.19277/
bbr.18.1.259).



The next original paper approaches the in vivo effects of skin
topically applied methylnicotinate (MN), one of the most
popular challengers used in experimental dermatology. Some
questions regarding MN mechanisms remain unanswered, but
the results seem to reinforce the good safety profile of this
product for human in vivo studies (Biomed & Biopharm Res.,
2021; 18(1): 38-47; 10.19277/bbr.18.1.257).

The section continues with with a review on brain metastases
from patients with HER2+ metastatic breast cancer, a growing
concern in oncology. This review updates current systemic
treatment options for these patients and presents a case study
in a Portuguese population (Biomed & Biopharm Res., 2021,
18(1): 48-61; 10.19277/bbr.18.1.253).

Closing this section, the Clinical Case category includes an
interesting analysis report regarding “herpetiform dermatitis”
(Biomed & Biopharm Res., 2021; 18(1): 62-67; 10.19277/
bbr.18.1.250).

The Biopharmaceutical Sciences section begins with a research
paper on new procedures in community pharmacy practice
involving medication review of patients’ electronic records
to identify by criteria-based algorithms, patient clusters. This
practice will progress to be fully automated, providing tailored
pharmacy services (Biomed & Biopharm Res., 2021; 18(1): 68-
82;10.19277/bbr.18.1.251).

The next research paper addresses the acceptability of a kefir
drink investigated for its impact on cutaneous health. This dairy
product has been referred as especially beneficial to various
human health conditions (Biomed & Biopharm Res., 2021,
18(1): 83-91; 10.19277/bbr.18.1.252).

Another original paper focuses on the use of industrial waste as
a resource for modern sustainable industry and environmental
preservation. This paper shows results from the sensory analysis
of grape pomace flour cookies addressing a current issue for
many researchers today (Biomed & Biopharm Res.,2021; 18(1):
92-102; 10.19277/bbr.18.1.249).

Continuing this section is an interesting paper concerning
the enrichment of French bread with chromium, a strategy
associated with improved glycemic control, and confirms that
it is possible to produce this chromium enriched - yeast with
no compromise of the production technology or the bread’s
physical characteristics (Biomed & Biopharm Res., 2021; 18(1):
103-113; 10.19277/bbr.18.1.255).

In sequence, another research paper on natural products, a major
regular theme in our editions. The Plectranthus species, a well-
known medicinal species with recognised pharmacology, is
revisited regarding cytotoxic activities. Results from Royleanone
derivatives on brine shrimp (Artemia salina) are here analysed
and discussed also in the perspective of the toxicity screening
model here applied (Biomed & Biopharm Res., 2021; 18(1):
114-122; 10.19277/bbr.18.1.254).

O artigo original que se segue aborda os efeitos in vivo do
metilnicotinato (MN) aplicado topicamente na pele um
dos quimicos mais populares utilizados em dermatologia
experimental. Algumas questdes relativas aos mecanismos do
MN permanecem sem resposta, mas os resultados parecem
reforgar o bom perfil de seguranga deste produto para estudos
humanos in vivo (Biomed & Biopharm Res.,2021; 18(1): 38-47,
10.19277/bbr.18.1.257).

Esta seccdo continua com uma revisdo sobre metastases
cerebrais de doentes com cancro da mama metastasico HER2+
uma preocupagao crescente em oncologia. Esta revisdo actualiza
as principais op¢des de tratamento sistémico para estes pacientes
e apresenta um estudo de caso numa populagdo portuguesa
(Biomed & Biopharm Res., 2021; 18(1): 48-61; 10.19277/
bbr.18.1.253).

Encerrando esta sec¢do o Caso Clinico inclui um interessante
relatorio de analise relativo a "dermatite herpetiforme" (Biomed
& Biopharm Res., 2021; 18(1): 62-67; 10.19277/bbr.18.1.250).

A sec¢ao de Ciéncias Biofarmacéuticas comega com um
trabalho de investigagdo sobre novos procedimentos na pratica
farmacéutica comunitaria envolvendo a revisdo de registos
electronicos de prescrigdo dos pacientes identificados por
algoritmos baseados em critérios para seleccionar grupos
de pacientes. Esta pratica progredira para ser totalmente
automatizada, permitindo 4 farmécia um servi¢o cada vez mais
preciso e personalizado (Biomed & Biopharm Res.,2021; 18(1):
68-82;10.19277/bbr.18.1.251).

O trabalho de investigagdo que se segue aborda a aceitabilidade
de uma bebida de kefir aqui investigada sobre o seu impacto
na saude cutdnea. Este produto lacteo tem sido referido como
especialmente benéfico para varias condigdes de satide humana
(Biomed & Biopharm Res., 2021; 18(1): 83-91; 10.19277/
bbr.18.1.252).

Outro trabalho original foca a utilizagao de recursos e residuos
industriais como um factor chave para a moderna industria,
sustentavel e para a preservagdo ambiental. Este manuscrito
mostra os resultados da analise sensorial de bolachas de farinha
de bagaco de uva, abordando uma questdo atual para muitos
investigadores nestes dominios (Biomed & Biopharm Res.,
2021; 18(1): 92-102; 10.19277/bbr.18.1.249).

Continuando esta seccdo, um interessante trabalho explorando
as preocupacdes com o enriquecimento do pao francés com
crémio, uma estratégia associada aum melhor controlo glicémico
mostrando que ¢ possivel produzir este enriquecimento sem
comprometer a tecnologia de producdo ou as caracteristicas
fisicas do pao (Biomed & Biopharm Res., 2021; 18(1): 103-113;
10.19277/bbr.18.1.255).

Em sequéncia, esta sec¢do edita outro trabalho de investigagdo
sobre produtos naturais, um tema importante e regular nas nossas
edigdes. As espécies de Plectranthus, espécies medicinais bem
conhecidas com farmacologia reconhecida, sdo revisitadas
em relag@o a sua citotoxicologia. Os resultados dos derivados
de Royleanona sobre o modelo de camardo marinho (Artemia
salina) sdo aqui analisados e discutidos também na perspectiva
do modelo de rastreio de toxicidade aqui aplicado (Biomed &
Biopharm Res., 2021; 18(1): 114-122; 10.19277/bbr.18.1.254).



Closing this section is a paper centred in a current concern
from R&D in assuring, as part of the sustainability chain, the
safety of new ingredients including compounds used for actives
extraction. In this case, the focus is the extraction of collagen, a
key ingredient within the cosmetic industry, studying cytotoxic
and genotoxic effects of certain solutions used in the extraction
process (Biomed & Biopharm Res., 2021; 18(1): 123-138,
10.19277/bbr.18.1.256).

Finally, this issue also includes one additional Supplement
only available in this online version — the Abstract Book of
the Fascination of Plants Day, an important meeting supported
by our journal (Biomed & Biopharm Res., 2021; 18(1):
S139-S155, 10.19277/bbr.18.1.260). Held in Lisboa in May at
the Universidade Lusofona, the theme this year was “Get to
know herbal medicines better.”

L Monteiro Rodrigues
Editor

O ultimo trabalho de investigagdo aqui apresentado reflecte
uma preocupagdo actual da I&D em assegurar, como parte da
cadeia de sustentabilidade, a seguranga de novos ingredientes,
incluindo compostos utilizados para a extrac¢do de activos.
Neste caso, o foco ¢ a extracgdo de colagénio, um ingrediente
principal da industria cosmética, estudando os efeitos citotoxicos
e genotoxicos das solugdes utilizadas no processo (Biomed &
Biopharm Res., 2021; 18(1): 123-138; 10.19277/bbr.18.1.256).

Finalmente, este niimero também inclui um suplemento
adicional disponivel apenas nesta versao online - o Livro de
Resumos do Dia da Fascinagdo das Plantas, uma importante
reunido apoiada pela nossa revista (Biomed & Biopharm Res.,
2021; 18(1): S139-S155; 10.19277/bbr.18.1.260). Realizado
em Lisboa em Maio na U Lusofona, o tema deste ano foi “Vem
conhecer melhor os Medicamentos a base de plantas.”
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Impact of the year of graduation on the positioning of nutrition professionals
regarding the vegetarian diet

Impacto do ano de formagdo no posicionamento dos profissionais de nutri¢do face a dieta
vegetariana

Aline Ambrdsio’, Leticia Vasconcelos!, Marta Raposo', Cintia Ferreira-Pégo>

'Universidade Lusofona, School of Sciences and Health Technologies, Lisboa, Portugal
2CBIOS — Universidade Luso6fona's Research Center for Biosciences and Health Technologies, Av. Campo Grande 376,
1749-024 Lisbon, Portugal

*corresponding author: cintia.pego@ulusofona.pt

Abstract

The adoption of a vegetarian diet increased over the years. In Portugal, is estimated that 1.2% of the population follows
this food pattern. A cross-sectional study was carried out, including a final sample of 74 nutrition professionals to assess
their position concerning the vegetarian diet (VD) according to their year of graduation (YG). The results analyses
demonstrated that 23 nutrition professionals graduated between 1980 and 2009; and 51 between 2010 and 2019. There
were statistically significant differences regarding the possibility of keeping a VD throughout life, since 81.1% of the
participants consider it possible, most of them belonging to the group who graduated after 2009. As for supplements,
13% of the nutrition professionals who graduated until 2009 believe it possible to adhere to a VD without resorting to
supplements, however, the percentage increases significantly to 39.2% in nutrition professionals trained after 2009. The
percentage of nutrition professionals that approved the adherence of athletes to VD increased statistically in recent years,
however, most believe this adherence is only possible with the use of supplements. Adherence to VD has increased over
the past few years, however, the opinion of nutrition professionals is not unanimous regarding its safety, effectiveness in
weight loss, and use of supplementation.

Keywords: Vegetarian Diet; Nutritionists; Scientific Evidence; Year of graduation; Nutrition Professionals

Resumo

A adogdo de um padrdo alimentar vegetariano tem aumentado ao longo dos anos. Em Portugal estima-se que 1.2% da
populagao siga este padrao alimentar. Realizou-se um estudo transversal que incluiu uma amostra de 74 profissionais
de nutricdo com o objetivo de avaliar a posi¢do dos mesmos face a dieta vegetariana (DV) em fungdo do seu ano de
formagao (AF). 23 profissionais de nutricdo formaram-se entre os anos de 1980 e 2009; e 51 entre os anos de 2010
e 2019. Observaram-se diferencas significativas quanto a possibilidade de manter uma DV ao longo da vida, onde
81.1% dos inquiridos consideram ser possivel, sendo que a maioria pertencente ao grupo formado apos 2009. Quanto a
suplementagdo, 13% dos profissionais de nutricao formados até¢ 2009 acreditam ser possivel aderir & DV sem recorrer a
suplementagdo, no entanto, a percentagem aumenta significativamente para 39.2% nos profissionais de nutricao formados
ap6s 2009. A percentagem de profissionais de nutricdo que aprova a adesdo de atletas a DV aumentou estatisticamente
nos ultimos anos, contudo, a maioria acredita que esta adesao apenas ¢é possivel mediante o uso de suplementos. A adesao
a DV tem aumentado ao longo dos ultimos anos, contudo a opinido dos profissionais de nutricdo nao € unanime quanto a
sua seguranga, eficacia e suplementagao.

Palavras-chave: Dieta Vegetariana; Nutricionistas; Evidéncia Cientifica; Ano de formagao; Profissionais de nutri¢ao
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Introduction

The vegetarian food pattern, more commonly referred
to as “vegetarian food” or “vegetarian diet (VD),” is
known and has been practiced for several centuries for
economic, religious, ethical, environmental, or health
reasons (1). Pythagoras is considered the founder of
the vegetarian movement, and the people of ancient
Greece were also great supporters (1). Religions such
as Buddhism, Jainism, and Hinduism also played an
important role in promoting the vegetarian diet (1).
In the 19" century, with the development of societies,
health care units, the publication of books, and the
opening of restaurants, the vegetarian movement began
its expansion (2). The adoption of a vegetarian dietary
pattern has been increasing over the years in Europe,
not only among the adult population but also among
children and adolescents (3). According to a study
published by Meat Atlas in 2014, it is estimated that
2 to 10% of European people are vegetarian (4). In
September 2007, Nielsen Media Research conducted
a study for the Portuguese Vegetarian Center, being
the first to analyze a representative sample of the
Portuguese population to determine the number of
vegetarians in Portugal. Ten years later, in September
2017, the study was repeated, and the conclusion shows
a very surprising evolution. The number of vegetarians
has quadrupled in 10 years, with 1.2% of Portuguese not
currently consuming meat or fish. In 2007, only 0.3%
of the Portuguese population followed this lifestyle and
diet (5).

The VD includes a wide range of eating practices,
heterogeneous in composition, and with varying
restrictions (6). The many types of vegetarian diets
share the same characteristic - the exclusion of meat
and fish - while some also suppress eggs, milk, and
dairy products. This diet is based on foods of plant
origin, such as cereals, legumes, roots, oilseeds, fruits,
vegetables, nuts, among others (6). According to the
Academy of Nutrition and Dietetics, the VD is defined
as one that does not include meat (including poultry) or
seafood or products that contain these same foods (7,8).
According to some studies, meat is a good source of
energy and several essential nutrients, such as protein
and micronutrients, namely iron, zinc, and vitamin
B12 (9). However, epidemiological studies show that
high consumption of red and specially processed meat
is a risk factor for several chronic diseases, such as
colorectal cancer (10), Type 2 Diabetes Mellitus (DM)
(11), and cardiovascular diseases (12). Vegetarians,
in general, consume less caloric food, since their diet
contains a lower total amount of fat and proteins of
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Introducao

O padrao alimentar vegetariano, mais designado por
“alimentacdo vegetariana” ou “dieta vegetariana (DV)”
¢ conhecido e tem sido praticado desde ha varios séculos
por razdes econdmicas, religiosas, éticas, ambientais
ou de saude (1). Pitagoras é considerado o fundador
do movimento vegetariano ¢ o povo da Grécia antiga,
um grande apoiante (1). Religidoes como o Budismo,
Jainismo e Hinduismo também tiveram um papel
importante na promog¢do da DV (1) . No século XIX,
com a formagdo das sociedades, unidades de cuidados
de saude, publicagdo de livros e abertura de restaurantes,
0 movimento vegetariano iniciou a sua expansao (2).
A adocdo de um padrido alimentar vegetariano tem
vindo a aumentar ao longo dos anos na Europa, ndo so
entre a populagdo adulta, mas também entre criangas
e adolescentes (3). Segundo um estudo publicado
pela Meat Atlas em 2014, estima-se que 2 a 10% dos
europeus sejam vegetarianos (4). Em setembro de 2007,
a Nielsen Media Research realizou um estudo para o
Centro Vegetariano Portugués, sendo este o primeiro
que utilizou uma amostra representativa da populagio
portuguesa, com o intuito de determinar o nimero
de vegetarianos em Portugal. Passados dez anos, em
setembro de 2017, repetiu-se o estudo e as conclusdes
mostram uma evolug¢ao muito surpreendente. O nimero
de vegetarianos quadruplicou em 10 anos, com 1.2%
dos portugueses a nd3o consumirem carne nem peixe,
atualmente. Em 2007, apenas 0.3% da populagdo
portuguesa seguia este estilo de vida e de alimentacdo

(5).

A DV constitui uma vasta gama de praticas alimentares,
heterogéneas na sua composicdo e com restrigdoes
variaveis (6). Os muitos tipos de DV compartilham a
mesma caracteristica: a eliminacdo de carne e peixe
enquanto alguns também eliminam ovos, leite e
produtos lacteos. Esta dieta ¢ baseada em alimentos
de origem vegetal, como cereais, leguminosas, raizes,
oleaginosas, frutas, legumes, frutos secos, entre outros
(6). De acordo com a Academia de Nutri¢ao e Dietética,
a DV ¢ definida como aquela que nao inclui carne
(incluindo aves) ou frutos do mar ou produtos que
contenham esses mesmos alimentos (7,8).

A carne ¢, segundo alguns estudos, uma boa fonte
de energia e de varios nutrientes essenciais, como
a proteina e micronutrientes, nomeadamente ferro,
zinco e vitamina B12 (9). No entanto, estudos
epidemiologicos mostram que um alto consumo de
carne vermelha e especialmente processada ¢ um fator
de risco para varias doengas cronicas, como cancro
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animal origin (13). The main concern of nutrition
professionals in adhering to the vegetarian diet has
been the measurement of protein intake, especially
regarding essential amino acids (13), as well as some
micronutrients such as vitamin B12, vitamin D, and
iron (14).

Due to all of these reasons, but mainly due to the lack of
consensus on the part of health professionals regarding
the benefits and/ or risks of the vegetarian diet, the
main objective of this study was to assess the opinion
of nutrition professionals, with professional activity in
Portugal, concerning the vegetarian diet, its benefits,
and risks.

Materials and Methods

Design and study population

An observational cross-sectional study was conducted
between April and May 2020, which included a sample
of 74 nutrition professionals. All participants were
practicing their profession in Portugal at the time of
data collection. There were no other exclusion criteria
than the non-practice of the profession, which indicates
that subjects of all ages, genders, academic degrees,
areas of professional activity, career time, and those
who studied at public, private, or foreign universities
were included. Nutrition professionals were recruited
with the support of professional associations specific to
this type of individual. The questionnaire was shared
through their platforms, and emails were also sent to
all members. All participants were informed about
the objectives and purposes of the study prior to data
collection, were informed of the anonymity of their
data, and gave their signed informed consent.

Vegetarian Diet

Data collection was performed using an online non-
validated questionnaire. This questionnaire was
specifically developed by the researchers for these data
collection and consisted of 26 questions. Two questions
were regarding sociodemographic characteristics (age
and gender), 5 regarding professional graduation (place
of graduation, academic degree, area of professional
activity, time of activity, and frequency with which
they attend nutrition symposia and congresses), and the

colorretal (10), Diabetes Mellitus (DM) Tipo 2 (11)
e doencas cardiovasculares (12). Os vegetarianos,
geralmente, consomem menor quantidade calorica
alimentar, devido ao facto da sua dieta ser composta
por menor quantidade total de gordura e proteinas
de origem animal (13). A preocupacdo principal dos
profissionais de nutri¢do, na adesdo a DV, tem sido a
afericdo em relagdo a ingestdo proteica, especialmente
no que diz respeito aos aminoacidos essenciais (13),
bem como alguns micronutrientes como vitamina B12,
vitamina D, e ferro (14).

Devido a todos estes motivos, mas sobretudo devido a
falta de consenso por parte dos profissionais de satde
quanto aos beneficios e/ ou riscos da DV, o principal
objetivo do presente estudo foi conhecer a opinido de
Nutricionistas e Dietistas, com atuac¢do profissional em
Portugal, em relagdo a dieta vegetariana, seus beneficios
e riscos.

Material e Métodos

Desenho e estudo da Populagdo

Foi realizado um estudo observacional de caracter
transversal, entre Abril e Maio de 2020, que incluiu
uma amostra de 74 nutricionistas e dietistas. Todos
os participantes deveriam exercer a sua profissdo
em territorio Portugués no momento da recolha dos
dados. Niao existiram critérios de exclusdo, além
da ndo exercdo da profissdo, o que indica que foram
incluidos sujeitos de todas as idades, géneros, graus
académicos, areas de atuagdo profissional, tempo de
carreira ¢ obtencdo do grau em universidades publicas,
privadas ou estrangeiras. Os profissionais de nutri¢do
foram recrutados mediante o auxilio de associacdes
profissionalizantes especificas para este tipo de
individuos. Foi partilhado o questionario através das
suas plataformas e também foi enviado emails a todos
os associados. Os inquiridos foram, antecipadamente
da recolha dos dados, esclarecidos sobre os objetivos
e finalidades do estudo, assim como da anonimidade
dos seus dados, tendo assinado um consentimento
informado.

Dieta Vegetariana

A recolha de dados foi realizada mediante um
questionario online ndo-validado. Este questionario foi
desenvolvido especificamente pelos investigadores do
projeto para esta recolha de dados e foi composto por
26 perguntas: 2 sobre caracteristicas sociodemograficas



remaining 19 questions were regarding the position of
nutrition professionals regarding the VD. These final
questions included: whether (or not) it would be healthy,
if adherence would be discouraged, if animal products
would be indispensable, to what age groups would
they recommend this type of diet, if it has long and
short benefits, if it would be possible to maintain this
diet throughout life, if it would have all the necessary
nutrients, if adherence would be possible without the
use of supplements and which ones would be most
recommended, if the absence of animal products
makes this diet healthier, if vegetarians are at higher
risk of developing anemia, if this diet is recommended
for athletes, if the consumption of dairy products and
eggs is recommended, and if the VD is recommended
as a weight-loss method. All the questions were multi-
choice, and no open answer was also available for each
question.

Statistical analysis

The acquired data was entered into the Excel database
and transformed into numeric codes to be transferred
to the IBM SPSS Statistics software version 26. The
distribution of the selected characteristics between
the groups was compared using Pearson y2 tests for
categorical variables, in which the units were expressed
in % (n). All analyses of the nutrition professionals’
opinions on the VD were performed according to the
participants’ year of graduation (YG). To determine
this relationship, the YG was divided into two analysis
groups: from 1980 to 2009 and from 2010 to 2019. The
objective of this analysis was to observe differences
between several decades of training and the most recent
scientific evidence regarding the VD as the bibliography
on the subject has evolved greatly in recent years, and
it is important to know the professional updating of
nutritionists and dietitians. All statistical tests performed
were two-tailed tests and the level of significance was
considered to be p <0.05.

Results

The sample consisting of 74 participants was
characterized based on the YG, in which 23 participants
graduated between 1980 and 2009, and 51 between 2010
and 2019. This data was statistically related to gender,
year of birth, and time in professional practice (Table
1). No other significant differences were observed
regarding the place of training, academic degree, the
area of practice, or the frequency that congresses were
attended.
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(idade e género); 5 sobre formagao profissional (local de
formagao, grau académico, area de atuagao profissional,
tempo de exercicio da profissdo e frequéncia com que
assistem a convencdes e congressos da area); e as
restantes 19 questoes sobre a posicao dos nutricionistas
face a DV (se seria saudavel, se desaconselharia
a adesdo, se os produtos de origem animal seriam
indispensaveis, a que faixas etarias recomendaria este
tipo de alimentagao, se tem beneficios a longo e a curto
prazo, se seria possivel manter esta dieta ao longo da
vida, se teria todos os nutrientes necessarios, se seria
possivel a adesdo sem o uso de suplementos e quais
0s que mais recomendam, se a auséncia de produtos
animais faz com que esta dieta seja mais saudavel, se os
vegetarianos t€ém maior risco de desenvolver anemia, se
recomenda esta dieta a atletas, se recomenda o consumo
de lacticinios e ovos e se aconselharia a DV como
método de emagrecimento).Todas as questdes eram
de escolha multipla, e em nenhuma delas foi permitida
resposta aberta.

Analise Estatistica

Os dados adquiridos foram introduzidos no software
Excel, e transformados em cédigos numéricos para
serem transferidos para o software IBM SPSS Statistics
versao26. Comparou-se adistribuicdo das caracteristicas
selecionadas entre os grupos usando testes de Qui-
quadrado de Pearson para variaveis categoricas, nas
quais, as unidades foram expressas em % (n). Todas as
analises sobre a opinido dos profissionais de nutricdo
sobre a DV, foram realizadas em funcdo do ano de
formacdo (AF) dos participantes. Para realizar esta
relacdo, agruparam-se os AF em dois grupos de analise:
entre 1980 a 2009 e entre 2010 a 2019. O objetivo desta
analise foi observar diferencas entre varias décadas
de formacao e as mais recentes evidéncias cientificas
respeito a DV, visto que a bibliografia referente ao
tema evoluiu bastante nos ultimos anos e ¢ importante
conhecer a atualizacdo profissional dos nutricionistas
e dietistas. Todos os testes estatisticos realizados
foram testes bicaudais e o nivel de significancia foi
considerado para p <0,05.

Resultados

A amostra composta por 74 participantes foi caracteri-
zada em base ao AF, no qual 23 inquiridos formaram-se
entre 1980 ¢ 2009; e 51 entre 2010 e 2019, tendo sido
estes dados estatisticamente relacionados com o sexo,
0 ano de nascimento ¢ tempo de atuacdo profissional
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(Tabela 1). Nao foram observadas outras diferencas sig-
nificativas em relagdo ao local de formagao, grau aca-
démico, area de atuacdo ou frequéncia de assisténcia a
CONgressos.

Table 1 - General characteristics of the population characterized by year of formation.
Tabela 1 - Caracteristicas gerais da populacao caracterizadas por ano de formacgao.

General

Population / 1980 to 2009 2010 to 2019

Populagio (n=23) (0=51) p-value*
Geral
(n=74)
Gender / Género
Women / Mulher 89.2 (66) 78.3 (18) 94.1 (48) 0.042
Men / Homem 10.8 (8) 21.7 (5) 5.903) ’
Year of Birth / Ano de Nascimento
1950 - 1979 21.7 (16) 52.2 (12) 7.9 (4)
1980 - 1989 35.1(26) 47.8 (11) 29.4 (15) <0.001
1990 - 1999 43.2 (32) 0.0 (0) 62.7 (32)
Place of Training / Local de
Formacio
University / Universidade 78.4 (58) 78.3 (18) 78.4 (40) 0.987
Polytechnique / Politécnico 21.6 (16) 21.7 (5) 21.6 (11) '
Academic Degree / Grau
Académico
Degree / Licenciatura 55.4(41) 60.9 (14) 52.9 (27)
Post Graduation / Pés-Graduacao 21.6 (16) 13.1 (3) 25.5(13) 0.691
Masters / Mestrado 18.9 (14) 21.7 (5) 17.7 (9) '
Ph.D. / Doutoramento 413) 4.3(1) 3.9(2)
Area of practice / Area de atuacio
Clinical / Clinica 86.5 (64) 87.0 (20) 86.3 (44) 0.937
Sports / Desportiva 149 (11) 8.7(2) 17.6 (9) 0.316
Mass catering /Restauragao 20.3 (15) 217 (5) 19.6 (10) 0.833
coletiva
Community / Comunitaria 18.9 (14) 17.4 (4) 19.6 (10) 0.822
Investigacdo / Research 4.1(3) 0.0 (0) 5.903) 0.235
Practice experience / Tempo de
atuacao
< 5 years / anos 37.8 (28) 0.0 (0) 54.9 (28) <0.001
> 5 years / anos 62.2 (46) 100.0 (23) 45.1 (23) '
Congresses frequency / Frequéncia
de congressos
Often / Frequentemente 41.9 (31) 34.8(8) 45.1 (23) 0.405
Occasionally / Ocasionalmente 58.1(43) 65.2 (15) 54.9 (28) '

All data are expressed in % (n). * p-value for comparisons between groups were tested using Pearson y2 tests. /
Todos os dados sdo expressos em % (n). * p-value para comparagdes entre grupos foram testados mediante testes de Pearson y2.



According to Table 2, it is possible to observe that
regardless of YG, most nutrition professionals do not
believe that VD is a healthy diet. On the other hand, it
was possible to verify that the majority of the nutrition
professionals who graduated after 2009 (64.7%)
recommend adhering to this type of food pattern, in
contrast to the nutrition professionals who graduated
until this year, as a majority of these advise against it.
Regarding the benefits of the VD in the long and short
term, it was determined that the nutrition professionals
who graduated in 2009 or earlier do not consider that
this diet can be beneficial to health, contradicting the
opinion of nutrition professionals who graduated after
this date. Regarding products of animal origin, most
nutrition professionals agreed that the absence of these
does not make the diet healthier; however, there was
an increase in the percentage of nutrition professionals
who graduated after 2009 who think the opposite.
Approximately 52% of the nutrition professionals who
graduated in 2009 or earlier and 72.5% graduated after
this date indicated that they believed that, if the VD was
balanced, all the necessary nutrients would be provided.
The results also show that the majority of nutrition
professionals consider that there is a greater risk of
developing anemia in the presence of a VD, however, it
was observed that there was a decrease in this thought
in nutrition professionals who graduated after 2009.
Regarding following this type of eating pattern as a
weight-loss method, in both groups, most nutrition
professionals agreed that it was not a good strategy for
this purpose. It is important to note that none of these
described relationships was statistically significant.

Nevertheless, —statistically —significant  differences
were found regarding the possibility of keeping a
VD throughout life, where 81.1% of the studied
population considered it possible, with the majority
of these being in the group graduating after 2009.
Concerning supplementation, only 13% of the nutrition
professionals who graduated up until 2009 believed
that it was possible to adhere to the VD without
any type of supplement consumption, however, the
percentage increased significantly to 39.2% among
the nutrition professionals who graduated after 2009.
Finally, the percentage of nutrition professionals that
approved the adherence of athletes to the VD increased
statistically over time, however, most of them believed
that this adherence was only possible with the use of
supplements.
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De acordo com a Tabela 2 é possivel observar que
independentemente do AF, a maioria dos profissionais
de nutricdo ndo acreditam que a DV seja sinénimo
de uma dieta saudavel. Em contrapartida, ¢ possivel
constatar que a maioria dos profissionais de nutri¢ao
formados apds 2009 (64.7%) aconselham a adesdo a
esta dieta, ao contrario dos profissionais de nutri¢ao
formados até este ano, cuja maioria desaconselha. Em
relacdo aos beneficios da DV a longo e a curto prazo,
verificou-se que os profissionais de nutricdo formados
até 2009 nao consideram que esta dieta possa ser
benéfica para a satde, contradizendo a opinido dos
profissionais de nutricdo formados apos esta data. No
que toca aos produtos de origem animal, a maioria dos
profissionais de nutricdo concordam que a auséncia
destes ndo torna a dieta mais saudavel, no entanto,
verifica-se um aumento na percentagem de profissionais
de nutricdo formados apos 2009 que defendem a ideia
contraria. Aproximadamente 52% dos profissionais de
nutri¢do formados até 2009 e 72.5% formados apds esta
data acreditam que, se a DV for equilibrada, todos os
nutrientes necessarios serdo fornecidos. Os resultados,
também, mostram que a maioria dos profissionais
de nutri¢do consideraram que ha um maior risco de
desenvolver anemia perante uma DV, porém, observa-
se que hd uma diminuicdo deste pensamento nos
profissionais de nutricao formados ap6s 2009. Quanto a
utilizacao desta dieta como método de emagrecimento,
em ambos os grupos a maioria dos profissionais de
nutricdo concordam que nao € uma boa estratégia para
este efeito. E importante referir que nenhuma destas
relagdes descritas foi estatisticamente significativa.

N&do obstante, foram encontradas diferencas
estatisticamente significativas quanto ao facto de ser
possivel manter uma DV ao longo da vida, onde 81.1%
da populagdo geral considera ser possivel, sendo que a
maioria destes se encontram no grupo que se formou
apos 2009. Em relagdo a suplementagdo, apenas
13% dos profissionais de nutricdo formados até 2009
acreditam que € possivel aderir a DV sem nenhum tipo
de suplementacdo, no entanto, a percentagem aumenta
significativamente para 39.2% nos profissionais
de nutricdo formados apds 2009. Finalmente, a
percentagem de profissionais de nutri¢do que defendeu
a adesdo de atletas a DV aumentou estatisticamente
ao longo do tempo, todavia, a maioria acredita que
esta adesdo apenas € possivel com a utilizagdo de
suplementacao.
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Table 2 - Opinion of nutrition professionals about the vegetarian diet, depending on their year of formation.
Tabela 2 - Opinido dos profissionais de nutri¢do sobre a dieta vegetariana, em fun¢do do seu ano de formagao.

1 Populati
General Population/ 00 102000 2010t02019 -

Populagiio Geral
opt (?,ia;;) e (n=23) (n=51) value*
VD is considered a healthy diet / DV
v 15 consicered a heattlly €ie 40.5 (30) 47.8(11) 37.3(19) 0.391
é considerada uma dieta saudavel
D/D Ih
Not recommend VD / Desaconselha 41.931) 56.5 (13) 35.5 (18) 0.087
aDV
VD shows long term benefits / DV
STOWS ‘ong term benents 52.7 (39) 39.1(9) 58.8 (30) 0.116
apresenta beneficios a longo prazo
VD shows short term benefits / DV
STHows short term benents 55.4 (41) 39.1 (9) 62.7(32) 0.059
apresenta beneficios a curto prazo
Keep a VD throughout life / Manter
81.1 (60 65.2 (15 88.2 (45 0.019
DV ao longo de toda a vida (60) (15) “5)
Absence of animal products turns
VD healthier / Auséncia d
calthier fAusenca ce 8.1 (6) 0.0 (0) 11.8(6) 0.086

produtos animais torna a DV mais
saudavel

Balanced VD provides all the
nutrientes / DV equilibrada fornece 62.2 (49) 52.2(12) 72.5(37) 0.086
todos os nutrientes

Adherence to VD without the use
of supplementation / Adesao a DV 31.1(23) 13.0(3) 39.2 (20) 0.024
sem o uso de suplementagiio

Increased risk of anemia / Maior

. . 78.4 (58) 82.6 (19) 76.5(39) 0.553
risco de anemia
VD advisable in athletes /
Aconselhavel DV em atletas
Recommend / Aconselho 23.0(17) 4.3 (1) 31.4(16)
Not recommend / Nao aconselho 20.3 (15) 26.1(6) 17.6 (9) 0.038
ly with 1 ts/ A '
Only with supplements / Apenas 56.8 (42) 69.6 (16) 51.0 (26)
com suplementagio
VD ight-1 thod / DV
A5 8 Welght=loss metho 18.9 (14) 17.4 (4) 19.6 (10) 0.822

como método de emagrecimento

Data expressed in % (n). * P-value for comparisons between groups were tested using the Pearson y2 test. Abbreviations: VD,
Vegetarian Diet / Dados expressos em % (n). * P-value para comparagdes entre grupos foram testados mediante teste de Pearson 2.
Abbreviaturas: DV, Dieta Vegetariana.
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Discussion

The present study aimed to evaluate the relationship
between YG and the opinion of nutritionists and
dietitians concerning the VD, comparing it with
the current scientific evidence. In general, nutrition
professionals did not consider a VD to be a healthy
diet. However, most nutrition professionals who
finished their training after 2009 claim that they advise
adherence to a VD, which shows some controversy.
Nevertheless, it is important to remember that a balanced
VD provides a high intake of dietary fibers and health-
promoting phytochemicals, due to the consumption
of fruits, vegetables, whole grains, legumes, nuts, and
various soy products (15,16). Vegetarians usually have
a lower body mass index, lower serum levels of total
cholesterol and low-density lipoproteins and blood
pressure within the reference values, lower mortality
rates from ischemic heart disease, and also a decreased
incidence of hypertension, stroke, Type 2 DM, and
several types of cancer than non-vegetarians (16,17).

Regarding the consideration of a VD as beneficial in
the short and long term, and whether its practice is
possible throughout life, controversies were observed
between the groups. According to some studies, a low-
fat vegetarian dietary intervention, free of all animal
products, and with whole foods, can provide significant
benefits in both, short and long term (16,18,19). A
balanced VD, with or without the inclusion of fortified
foods or supplements, meets current nutritional
recommendations and is appropriate for all stages of the
life cycle (20). The VD may have lower protein quality,
areflection of less favorable amino acid profiles and less
bioavailability compared to omnivorous diets (21). Only
in the case of a improperly planned VD might there be
a reduction in caloric intake and nutritional deficiency
of fatty acids, proteins, vitamins, and minerals (22).
Nevertheless, it has been described that balanced VD’s
are appropriate for individuals during all stages of life,
including pregnancy, lactation, childhood, adolescence,
elderly, and athletes (23).

As for the need for food supplements, a VD meets
current recommendations regarding all nutrients if
done in a balanced way, although more attention is
necessary regarding vitamin D, omega-3 fatty acids,
calcium, iron, zinc, and iodine. However, the use of
food supplements and fortified foods provides security
against the deficiency of these micronutrients (15).
Therefore, although plant-based diets are at risk for
nutritional deficiencies, such as protein, iron, vitamin
D, calcium, iodine, and omega-3, the available evidence
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Discussao

O presente estudo teve como intuito avaliar a relagdo
entre 0 AF e o posicionamento dos nutricionistas e
dietistas face a DV, tendo como base de comparagdo
as evidéncias cientificas atuais disponiveis. Em geral,
os profissionais de nutrigdo, ndo consideram a DV
sinonimo de uma dieta saudavel. Todavia, a maioria dos
profissionais de nutricdo formados apds 2009 afirmam
que aconselham a adesdo a DV, o que demonstra uma
certa controvérsia. Nao obstante, ¢ importante relembrar
que uma DV equilibrada fornece uma alta ingestao de
fibras alimentares e fitoquimicos promotores de saude,
devido ao consumo de frutas, vegetais, graos integrais,
legumes, nozes ¢ varios produtos de soja (15,16). Os
vegetarianos normalmente apresentam menor indice de
massa corporal, menores niveis séricos de colesterol
total e lipoproteinas de baixa densidade e pressao arterial
dentro dos valores de referéncia, taxas de mortalidade
por doenca isquémica do coragdo mais reduzidas e,
também, a diminuicdo da incidéncia de hipertensdo,
acidente vascular cerebral, DM Tipo 2 e varios tipos de
cancro, em comparac¢do com os individuos omnivoros
(16,17).

Em relagdo a consideracdo da DV como benéfica a curto
e a longo prazo, e se € possivel a sua pratica ao longo de
toda a vida também se observaram controvérsias entre os
grupos analisados. De acordo com alguns estudos, uma
intervencdo dietética vegetariana com pouca gordura
saturada, livre de todos os produtos de origem animal
e com alimentos integrais pode fornecer beneficios
significativos tanto a curto, como a longo prazo
(16,18,19). Uma DV equilibrada, com ou sem inclusao
de alimentos fortificados ou suplementos, atende as
recomendagdes nutricionais atuais e € apropriada
para todas as etapas do ciclo de vida (20). Contudo,
¢ importante relembrar que a DV pode ter menor
qualidade proteica, um reflexo de perfis de aminoacidos
menos favoraveis e com menor biodisponibilidade, em
comparacdo com dietas omnivoras (21). Somente no
caso de uma DV nao adequadamente planeada, ¢ que
pode haver redugdo da ingestao calorica e a deficiéncia
nutricional de 4cidos gordos, proteinas, vitaminas e
minerais (22). Nao obstante, foi descrito que as DV
equilibradas sdo apropriadas para individuos durante
todas as fases do ciclo da vida, incluindo gravidez,
lactagdo, infancia, adolescéncia, velhice e atletas (23).

Quanto a necessidade de suplementos alimentares,
a DV atende as recomendacdes atuais de todos os
nutrientes se for feita de modo equilibrado, embora,
seja necessario haver uma maior atengdo quanto a
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shows that well-planned VD diets can be considered
safe but require high awareness for a balanced intake
of the main nutrients (24). Vitamin B12 is an exception,
as it is lacking in a VD and should be obtained through
supplements (25). Regarding the question of vegetarians
being more likely to develop anemia, studies have
shown that the lower the consumption of meat, the
lower the serum hemoglobin concentrations and,
consequently, the higher the likelihood to be anemic
(21,26). Regarding adherence to a VD by athletes, the
use of supplements is necessary, which is supported by
scientific evidence (27). Well-planned and adequately
supplemented VD appears to effectively support
athletic performance. According to a study carried out
in 2019, vegetarian athletes would have to consume an
additional amount of protein to achieve the necessary
daily amounts compared to a group of non-vegetarians
(28). Most nutrition professionals do not consider
a VD as a good weight-loss method. Nevertheless,
observational studies demonstrate that vegetarians
generally have lower body weights compared to
omnivores (29). The prescription of VD reduces the
average body weight, suggesting a potential value for
the prevention and control of pathologies related to
weight (18). According to the Academy of Nutrition
and Dietetics, the General Directorate of Health, and
the World Health Organization, a properly planned
VD, including fully vegetarian diets, are healthy,
nutritionally adequate, and can provide health benefits
in the prevention and treatment of certain diseases (8 ).
Nevertheless, the results obtained in the present study
point to controversy among nutrition professionals,
since a percentage of the sample is not in line with
scientific evidence, which further highlights the poor
consensus that exists between generations.
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vitamina D, acidos gordos omega-3, calcio, ferro e
zinco. Contudo, o uso de suplementos alimentares ¢
alimentos fortificados fornece uma seguranca contra
a deficiéncia destes micronutrientes (15). Portanto,
embora dietas a base de plantas estejam em risco
de deficiéncias nutricionais, como proteinas, ferro,
vitamina D, calcio, iodo e 6mega-3, as evidéncias
disponiveis mostram que dietas DV bem planeadas
podem ser consideradas seguras, mas requerem uma
forte consciéncia para uma ingestdo equilibrada dos
principais nutrientes (24). A exce¢ao remonta a vitamina
B12, ja que devido a inexisténcia da mesma numa DV,
devera ser obtida através de suplementos alimentares
(25). Relativamente a questdo dos vegetarianos serem
mais propensos a desenvolverem anemia, estudos
demonstram que quanto menor o consumo de carne,
mais baixas sdo as concentragdes de hemoglobina
sérica, e consequentemente maior a probabilidade de
desenvolver anemia (21,26). Em relag@o a adesdao a DV
por atletas, pode ser recomendado o uso de suplementos
de acordo com as ultimas evidéncias cientificas (27).
A DV bem planeada e, adequadamente suplementada,
parece apoiar, efetivamente, o desempenho atlético. De
acordo com um estudo realizado em 2019, os atletas
vegetarianos teriam de consumir uma quantidade
adicional de proteina para atingirem as quantidades
necessarias diarias comparadas a um grupo de
ndo vegetarianos (28). A maioria dos profissionais
de nutricdo ndo considera a DV como um bom
método de emagrecimento. Nao obstante, estudos
observacionais demonstram que o0s vegetarianos,
geralmente, demonstram pesos corporais mais baixos
em comparagdo com os omnivoros (29). A prescrigao
de dietas vegetarianas reduz o peso corporal médio,
sugerindo um potencial valor para prevencao e controlo
de patologias relacionadas ao peso (18). Segundo a
Academia de Nutricdo e Dietética, a Direcao Geral
de Saude e a Organizagdo Mundial de Saude, as DV
adequadamente planeadas, incluindo dietas totalmente
vegetarianas, sdo  saudaveis, nutricionalmente
adequadas e podem fornecer beneficios a satde na
prevengdo e tratamento de certas doencas (8). Nao
obstante, os resultados obtidos no presente estudo
apontam para uma controvérsia entre os profissionais
de nutri¢do, ja& que uma percentagem da amostra nao
esta em sintonia com as evidéncias cientificas, o que faz
destacar ainda mais o pouco consenso existente entre
geracoes.



Conclusion

It was possible to observe an impact of YG on

the opinion of nutrition professionals regarding
adherence to a VD, as divergence between the two
groups analyzed was noted. However, both groups
demonstrated complete knowledge of the most recent
scientific evidence. Through this study, there is a
need for interventions to encourage updating and
professional training of the nutrition professionals,
along with participation in discussions and debates
that can improve the understanding, confidence,
interpretation, and the use of scientific literature

to evaluate and apply these concepts in their daily
practice.
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Abstract

Diet is commonly accepted as a determinant of body composition, especially when related to specific lifestyles.
Vegetarian-vegan diets, which involve a reduction or elimination of animal product consumption, are believed to be more
“healthy,” facilitating weight control and reducing the incidence and clinical course of different diseases, in particular
those related to overweight and obesity. Global reviews and metanalysis on these issues, however, are still insufficient.
Our preliminary approach addresses the total body composition differences among vegetarians-vegans and omnivorous
individuals. This cross-sectional study involved ten healthy women, five vegetarian-vegan, and five omnivores (mean
28.10 years old). Body composition was assessed using a dual-energy x-ray absorptiometry (DXA Lunar Prodigy
Advance - General Electric Healthcare®). Other general and sociodemographic variables were also collected by trained
dietitians. Our results have shown that the vegetarian-vegan group had a non-significantly lower volume of all types
of body mass (total bone, fat, lean, tissue, and fat-free) evaluated. Additionally, the vegetarian-vegan group presented
higher values of visceral adipose tissue and subcutaneous adipose tissue (286.20 and 11138.40 cm?, respectively, p >
0.05) compared to the omnivore group. These differences will be further confirmed in subsequent studies.

Keywords: Body composition; visceral adipose tissue; subcutaneous adipose tissue; vegetarian-vegan diet; Dual-energy
x-ray absorptiometry

Resumo

A dieta é geralmente aceite como determinante da composicao corporal, especialmente quando relacionada com estilos de
vida especificos. Acredita-se que as dietas vegetarianas-veganas que envolvem uma redugdo ou elimina¢do do consumo
de produtos animais, sdo mais "saudaveis" facilitando o controlo do peso e reduzindo a incidéncia e o curso clinico de
diferentes doengas. No entanto, as revisoes e meta-analises sobre estas questdes sdo ainda insuficientes. A nossa abordagem
preliminar aborda as diferengas na composi¢ao corporal total entre vegetarianos-vegan e individuos omnivoros. Este
estudo transversal envolveu dez mulheres saudaveis, cinco vegetarianas-veganas, e cinco omnivoras (média de 28,10
anos de idade). A composi¢ao corporal foi avaliada utilizando uma absorptiometria de raios X de dupla energia (DXA
Lunar Prodigy Advance - General Electric Healthcare®). Outras varidveis gerais ¢ sociodemograficas foram também
recolhidas por nutricionistas treinados. Os resultados mostraram que o grupo vegetariano-vegan teve um volume inferior
ndo significativo de qualquer tipo de massa (0sso, gordura, massa magra, tecido, tecido livre de gordura) avaliada. Além
disso, estas mulheres jovens Vegetananas—vegan apresentaram valores mais elevados de tecido adiposo visceral e tecido
adiposo subcutaneo (286,20 ¢ 11138,40 cm’, respetivamente, p>0,05) em comparagdo com o grupo omnivoro. Estas
diferencgas serdao ainda confirmadas em estudos subsequentes.

Palavras-chave: Composicao corporal; tecido adiposo visceral; tecido adiposo subcutineo; dieta vegetariana;
absorptiometria de raios X de dupla energia
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Introduction

Diet seems to have a significant influence on the
development of adiposity, obesity, and cardiometabolic
diseases (1). It is also clear that excess body fat is an
established risk factor for many disease conditions and
premature death (2).

Plant-based diets such as vegetarianism and veganism
are believed to reduce body weight because of
the overall decreased caloric intake and increased
thermogenesis. These diets are most simply defined by
areduction or elimination of the consumption of animal
products and based on the consumption of grains,
legumes, vegetables, fruits, and nuts (3). However, it
should be noted that reductions in body weight do not
necessarily result in reductions in adipose tissue neither
directly translate into improved health outcomes (4).
Nevertheless, the vegetarian diet is reported as being
an effective means for the prevention and treatment
of cardio-metabolic diseases (3). The Academy of
Nutrition and Dietetics, the world’s largest organization
of food and nutrition professionals founded in 1917,
recognizes the health and nutritional benefits for the
prevention and treatment of certain diseases potentially
related to vegetarian-vegan diets (5). Healthy, properly
planned vegetarian diets were described as effective
for glycemic control while providing metabolic and
cardiovascular benefits, including the control of
atherosclerosis dyslipidemia and blood pressure (3).
These cardio-metabolic benefits were reported to be
greater with vegan than lacto-ovo-vegetarian diets
(6). However, the body composition of vegetarian and
vegan individuals has not been sufficiently studied, and
commonly-used assessments of waist circumference,
body weight, or Body Mass Index (BMI) do not reveal
body composition nor fat distribution. Therefore,
the main goal of the present study was to approach
and compare the body composition - bone mass, fat
mass, lean mass, tissue mass, fat-free mass, total
mass, and visceral and subcutaneous adipose tissue
- of young healthy adult women with different diet
regimes (vegetarian-vegan vs. omnivore) by referenced
methods.
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Introducao

A dieta parece ter uma influéncia significativa
no desenvolvimento da obesidade e das doencgas
cardiometabolicas (1). E também evidente que 0 excesso
de gordura corporal é um fator de risco estabelecido
para muitas doengas e até para a morte prematura (2).

Acredita-se que as dietas baseadas em plantas como o
vegetarianismo e o veganismo reduzem o peso corporal
devido a diminuicdo global da ingestdo caldrica e
ao aumento da termogénese. Estas sdo basicamente
definidas por uma redu¢ao ou eliminagdo do consumo
de produtos animais, sendo baseadas no consumo de
graos, legumes, vegetais, frutas e frutos secos (3).
Contudo, ¢ de notar que as redugdes no peso corporal
ndo resultam necessariamente em redugdes no tecido
adiposo nem se convertem diretamente em melhores
resultados para a satde (4). No entanto, a dieta
vegetariana € relatada como sendo um meio eficaz para
a prevengao e tratamento de doencgas cardiometabolicas
(3). A Academia de Nutricdo e Dietética, a maior
organizacdo mundial de profissionais de alimentagdo
e nutricdo fundada em 1917, reconhece os beneficios
para a saude e nutri¢do para a prevencdo e tratamento
de certas doencas potencialmente relacionadas com as
dietas vegetarianas (5). Dietas vegetarianas saudaveis e
devidamente planeadas foram descritas como eficazes
para o controlo glicémico, proporcionando ao mesmo
tempo beneficios metabolicos e cardiovasculares,
incluindo o controlo da dislipidemia e da pressdo
arterial (3). Estes beneficios cardiometabdlicos foram
reportados como sendo maiores com as dietas veganas
do que as ovo-lacto-vegetarianas (6). Contudo, a
composi¢do corporal dos individuos vegetarianos e
veganos nao ¢ suficientemente estudada, tendo também
em conta que as avaliagdes da circunferéncia da cintura,
peso corporal, ou Indice de Massa Corporal (IMC) nio
revelam a composi¢ao corporal nem a distribui¢ao da
gordura. Portanto, o principal objetivo do presente
estudo foi abordar e comparar a composi¢ao corporal
- massa Ossea, massa gorda, massa magra, massa
tecidual, massa sem gordura, massa total, e tecido
adiposo visceral ¢ subcutdneo, de jovens mulheres
adultas saudaveis com diferentes regimes alimentares
(vegetarianos-veganos vs. omnivoros) através de
métodos referenciados.



Materials and Methods

Study design and participants

The present study was an observational, quantitative,
and cross-sectional analysis designed to evaluate total
body composition in vegetarian-vegan individuals and
comparing it with omnivore diet participants.

A convenience sample of ten participants (five
vegetarian-vegan, and five omnivores) all women
presenting a mean age of 28.10 (SD: 6.94) years old
were selected from the university’s student body.
Participants were selected following previously defined
inclusion/ non-inclusion criteria. Apart from gender,
non-inclusion criteria included any kind of disease
or health alteration, taking any sort of medication,
being pregnant or breastfeeding, and being in the first
week of their menstrual cycle. All participants agreed
to participate in the study, giving their informed
written consent. Procedures respected the principles
of good clinical practice adopted for human research
studies complying with good clinical practice ethical
standards for human research (7). Participants’ socio-
demographics (age, course year, residence, and other
lifestyle habits) were obtained and a Food Frequency
Questionnaire and a 3-day dietary recall were also
collected for each participant.

Body composition assessment

Weight was measured on an electronic scale [0.1 kg
(0.1-200 kg) accuracy], wearing light clothing and
no shoes. Height was a self-reported variable used to
calculate BMI by the formula [BMI = weight (kg)/
height (m?)].

The Dual-energy x-ray absorptiometry (DXA Lunar
Prodigy Advance - General Electric Healthcare®;
Chicago, Illinois, USA) was used to measure bone
mass, fat mass, lean mass, tissue mass, fat-free mass,
total mass, and visceral and subcutaneous adipose
tissue. Before each whole-body scan, DXA was
calibrated according to the manufacturer’s instructions
via a standard calibration block. Measurements
were performed under at least four hours of fasting
conditions and without exercise the previous 24 hours
to ensure adequate hydration conditions. Participants
removed shoes, socks, and all jewelry. Wearing
underwear or close-fitting clothing with no metallic
piecess, participants were instructed to lie supine on the
scanning bed with hands by their sides, not touching the
body. During all body scans, participants were asked
to remain motionless, and Velcro straps were situated

Body composition of vegetarians and omnivores
Composi¢do corporal de vegetarianos e omnivoros

Material e Métodos

Desenho do estudo e participantes

O presente estudo foi uma analise observacional,
quantitativa e transversal concebida para avaliar a
composi¢ao corporal total em individuos vegetarianos-
veganos e compara-la com os participantes omnivoros.

Uma amostra de conveniéncia de dez participantes
(cinco vegetarianos-veganos, € cinco omnivoros)
todas mulheres com uma idade média de 28,10 (DP:
6,94) anos foram selecionadas do corpo estudantil da
universidade. Os participantes foram selecionados
de acordo com critérios de inclusdo/ ndo-inclusdo
previamente definidos. Para além do sexo, os critérios
de ndo-inclusao incluiam qualquer tipo de doenga ou
altera¢do de satide, tomar qualquer tipo de medicagao,
estar gravida ou a amamentar, e estar na primeira
semana do seu ciclo menstrual. Todos os participantes
concordaram em participar no estudo, dando o seu
consentimento informado por escrito. Os procedimentos
respeitaram os principios de boas praticas clinicas
adotados para estudos de investigagdo em humanos,
cumprindo as normas éticas de boas praticas clinicas
para a investigagdo em humanos (7). Foram obtidos
os dados sociodemograficos dos participantes (idade,
ano de curso, residéncia, ¢ outros habitos de vida) e
foram também recolhidos dados alimentares mediante
um Questionario de Frequéncia Alimentar um diario
alimentar de 3 dias para cada participante.

Avaliag¢do da composi¢do corporal

O peso foi medido numa balanga eletronica [0,1 kg
(0,1-200 kg) de precisao], usando roupas leves e sem
sapatos. A altura foi uma variavel auto reportada
utilizada para calcular o IMC através da formula [IMC
= peso (kg)/altura (m?)].

A absorptiometria de raios X de dupla energia (DXA
Lunar Prodigy Advance - General Electric Healthcare®;
Chicago, Illinois, EUA) foi utilizada para medir massa
Ossea, massa gorda, massa magra, massa de tecido,
massa livre de gordura, massa total, e tecido adiposo
visceral e subcutaneo. Antes de cada scan de corpo
inteiro, o DXA foi calibrado de acordo com as instrugoes
do fabricante através de um bloco de calibragdo padrao.
As medigoes foram realizadas sob pelo menos quatro
horas de jejum e sem exercicio nas 24 horas anteriores
para assegurar condi¢des de hidratacdo adequadas. Os
participantes removeram sapatos, meias, ¢ todas as
joias, vestiram roupa interior, ou roupa apertada sem
particulas de metal, e foram instruidos a deitar-se em
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around the ankles and knees. All participants on the DXA
scanning bed were positioned on the scanning bed by
the same trained researcher. Scans lasted approximately
5 to 10 minutes. The researcher analyzed each scan to
adjust software-determined regions of interest before
producing the whole-body report.

Statistical analysis

Data were presented either as means and standard
deviation (SD) for continuous variables or percentages
and absolute frequencies for dichotomous variables.
The normality of the variables was tested. As all
followed a normal distribution, the distribution of the
selected characteristics between groups was tested
using x> tests for categorical variables or Student’s
t-tests for continuous variables. All statistical tests were
two-tailed and the significance level was set at p <0.05.
All analyses were performed using the SPSS software
version 27.0 (SPSS Inc, Chicago, IL, USA).

Results

The general characteristics of the studied population
according to its dietary pattern are summarized in Table
1. Omnivorous women were statistically taller than the
vegan-vegetarian group, however, this difference does
not affect BMI since no other differences in body weight
were found. Sleeping hours were also statistically
different between the groups analyzed, as participants
following an animal-product diet slept fewer hours
compared to the vegetarian group. No other statistically
relevant differences were found.

The total population presented a mean bone mass
of 2285.30 g, 18983.60 g of fat mass, 40532.60 g of
lean mass, 59516.10 g of tissue mass, 42817.80 g of
fat-free mass, and finally 63.40 kg of total body mass.
Vegetarian-vegan women presented lower volume of
all body mass types. However, none of these differences
were statistically significant. The results are shown in
Figure 1.
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posi¢do supino no leito de varredura com as maos
pelos lados, ndo tocando o corpo. Durante todas as
varreduras do corpo, foi pedido aos participantes que
permanecessem imoveis, enquanto as tiras de velcro se
situavam a volta dos tornozelos e joelhos. As varreduras
duraram aproximadamente 5 a 10 minutos. O mesmo
investigador posicionou todos os participantes no
leito de varrimento DXA. Além disso, o investigador
treinado analisou cada varredura para ajustar as regioes
de interesse determinadas pelo software antes de
produzir o relatério de corpo inteiro.

Analise estatistica

Os dados foram apresentados como médias e desvio
padrao (DP) para variaveis continuas ou percentagens
e frequéncias absolutas para variaveis dicotomicas.
A normalidade das varidveis foi testada, e todas elas
seguiram uma distribuigdo normal, por este motivo,
a distribuicdo das caracteristicas selecionadas entre
grupos foi testada utilizando os testes > para variaveis
categoricas ou os testes t de Student para variaveis
continuas. Todos os testes estatisticos foram bi-caudais
e o nivel de significancia foi fixado em P<0,05. Todas
as analises foram realizadas utilizando o software SPSS
versao 27.0 (SPSS Inc, Chicago, IL, EUA).

Resultados

As caracteristicas gerais da populagdo estudada de
acordo com o seu padrdo dietético estdo resumidas na
Tabela 1. As mulheres omnivoras foram estatisticamente
mais altas em comparagdo com o outro grupo analisado,
contudo, esta diferenca ndo afeta o IMC uma vez que ndo
foram encontradas outras diferengas no peso corporal.
As horas de sono também foram estatisticamente
diferentes entre os dois grupos analisados, uma vez
que os participantes que seguem uma dieta de origem
animal dormiram menos horas em comparagdo com
o grupo vegetariano. Ndo foram encontradas outras
diferencas estatisticamente relevantes.

A populagao total apresentou uma massa 6ssea média de
2285,30 g, 18983,60 g de massa gorda, 40532,60 g de
massa magra, 59516,10 g de massa tecidual, 42817,80
g de massa sem gordura, e finalmente 63,40 kg da
massa total. As mulheres vegetarianas-vegetarianas
apresentaram um volume mais baixo de todo o tipo de
massa corporal. No entanto, nenhuma destas diferencas
foi estatisticamente significativa. Estes resultados
podem ser observados na Figura 1.
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Table 1 - General characteristics of the population according to dietary pattern.
Tabela 1 - Caracteristicas gerais da populag¢ao de acordo com o padrao alimentar.

Total population/ Omnivore/ Vegetarian-Vegan/

Populagio total Omnivoros Vegetarianos-Vegan  p-value®
(n=10) (n=5) (n=5)

Age, years / Idade, anos 28.10 (6.94) 25.60 (4.56) 30.60 (8.47) 0.054
Height, m / Altura, m 1.65 (0.06) 1.68 (0.02) 1.61 (0.07) 0.003
Weight, kg / Peso, kg 61.78 (6.81) 64.30 (6.60) 59.26 (6.71) 0.847
BMI, kg/m? / IMC, kg/m? 22.75(1.48) 22.75 (1.75) 22.76 (1.36) 0.938
Smoking habits / Habito tabagico, % (n) 30.00 (3) 40.00 (2) 20.00 (1) 0.490
Practice of physical exercise /
Pratica de exercicio fisico, % (n) 90.00 (9) 100.00(3) 80.00 (4) 0.292
Sleep, hours / Sono, horas 7.28 (1.12) 6.38 (1.18) 8.00 (0,00) 0.014
Year of course, years /
Ano do curso, anos 2.70 (1.42) 2.80 (1.64) 2.60 (1.34) 0.515
Working student /
Trabalhador-estudante, % (n) 30.00 (3) 40.00 (2) 20.00 (1) 0.490
Environment of residence /
Ambiente de residéncia, % (n)

Rural / Rural 20.00 (2) 20.00 (1) 20.00 (1) 1.000

Urban / Urbano 80.00 (8) 80.00 (4) 80.00 (4) ’
Monthly family income /
Rendimentos familiars mensais, % (n)

<1000€ 22.20 (2) 40.00 (2) 0.00 (0) 0.151

>1000€ 77.80 (7) 60.00 (3) 100.00 (4) ]

Data expressed as percentage (n) or mean (SD) for categorical or continuous variables, respectively. Abbreviations: BMI, Body Mass
Index / Dados expressos em percentagem (n) ou média (desvio padrdo) para varidveis categdricas ou continuas, respetivamente.
Abreviaturas: IMC, Indice de Massa Corporal

Total mass / Massa total —'—‘:'

Total fat free mass / Total massa livre gordura o ——
Total tissue mass / Total massa tecido —:
Total lean mass / Total massa magra _Hh_1—1
Total fat mass / Total massa gorda =
Total bone mass / Total massa 0ssea E
kg 0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00
Vegetarian-Vegan / Vegetarianos-Vegan Omnivore / Omnivoros m All population / Populagao total

Figure 1 - Body mass distribution according to dietary pattern. Data expressed as mean (SD). p-value>0.05
Figura 1 - Distribuicdo de tecido corporal de acordo com o padrdo alimentar.Dados expressos como media
(desvio padrao). Valor de p>0.05.
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Figure 2 shows the areas of the adipose tissue calculation.
Values regarding the visceral adipose tissue (VAT) and
the subcutaneous adipose tissue (SAT) distribution
for the entire studied population are summarized in
Table 2, along with a comparison between vegetarian-
vegan and omnivore participants. The total population
presented a mean of 254.10 cm?®, 240.30 g, and 29.60
cm? of VAT, and 966.40 cm?, 911.60 g, and 109.70 cm?
of SAT. Vegetarian-vegan participants presented higher
values of VAT and SAT (281.00 and 1025.00 cm?,
respectively) compared to the omnivore group (219.17
and 831.00 cm?, respectively). None of these differences
were statistically significant (p-value>0.05).

A Figura 2 mostra as areas de calculo do tecido adiposo.
Os valores relativos ao tecido adiposo visceral (TAV) e
a distribui¢do do tecido adiposo subcutaneo (TAS) para
toda a populacdo estdo resumidos na Tabela 2, onde
também € mostrada a comparacao entre os participantes
vegetarianos-veganos ¢ omnivoros. A populacdo total
apresentou uma média de 254,10 cm?®, 240,30 g, ¢
29,60 cm? de TAV, e também 966,40 cm®, 911,60 g,
e 109,70 cm? de TAS. Os participantes vegetarianos-
veganos apresentaram valores mais elevados de TAV
e TAS (281,00 e 1025,00 cm?®, respetivamente) em
comparacdo com os omnivoros (219,17 e 831,00
cm?, respetivamente). Nenhuma destas diferengas foi
estatisticamente significativa (p-valor>0,05).

Figure 2 - Schematic representation of tissue distribution of the VAT (1) and the SAT (2) within
the android region. [Image: General Electric Company. Reproduced with permission. |

Figura 2 - Representacdo esquematica da distribui¢ao dos tecidos do TAV (1) e do TAS (2) dentro
da regido androide. [Imagem: General Electric Company. Reproduzido com permissao. |

Table 2 - Visceral and subcutaneous adipose tissue distribution according to dietary pattern.
Tabela 2 - Distribuicao de tecido adipose visceral e subcutidneo de acordo com o padrao alimentar.

Total population / Omnivore / Vegetarian-Vegan /
Populacio total Omnivoros Vegetarianos-Vegan  p-value®
(n=10) (n=5) (n=5)
VAT / TAV, cm® 254.10(112.38) 222.00 (124.75) 286.20 (101.38) 0.749
VAT / TAV, grams 240.30 (105.90) 210.20 (101.38) 270.40 (96.23) 0.742
VAT / TAV, cm? 29.60 (13.53) 24.80 (13.65) 34.40 (12.97) 0.651
SAT / TAS, cm? 966.40 (427.33) 794.40 (210.17) 11138.40 (210.17) 0.284
SAT / TAS, grams 911.60 (403.28) 749.00 (198.33) 1074.20 (510.39) 0.284
SAT / TAS, cm? 109.70 (47.04) 86.60 (22.17) 132.80 (56.16) 0.250
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Discussion

Obesity and type 2 Diabetes Mellitus (T2DM) represent
major risks to develop cardiovascular diseases (CVD),
and insulin resistance related to adipose tissue (white
and visceral) and pancreatic B-cells impairment
are currently indicated as the primary mechanisms
of T2DM (8), these links between obesity, insulin
resistance, and CVD have recently drawn more
attention to the importance of diet as part of lifestyle
and thus a potentially effective way to help prevent
these recognized major health burdens, associated or
not to physical exercise and activity (9).

Plant-based diets have been described as reducing body
fat via a variety of mechanisms, which cumulatively
lead to reduced caloric intake and increased energy
expenditure (4). These mechanisms might include the
reduced caloric density of the overall diet and improved
satiety, in part due to gut microbiota alterations (4).
Additionally, increased insulin sensitivity, and a
potential increase in white adipose tissue. contribute
to increasing thermogenesis (4). Plant-based diets
have also been consistently associated with reduced
body weight in interventional trials (10,11). No matter
this very small sample and exploratory character, our
results have found no differences in BMI or weight
between vegetarian and non-vegetarian participants.
No statistical differences were observed regarding
the fat mass distribution between those two groups.
The vegetarian — vegan group depicted non-statistical
higher VAT and SAT values, compared to the omnivore
group. In recent years, excess VAT, also referred
as visceral obesity. has been recognized as a major
predictor of cardiometabolic disease and all-cause
mortality independent of BMI and general obesity
(12,13). Moreover, VAT is highly metabolically active
and contributes to systemic inflammation, and has been
assumed to be the common key element and driver of
the cardiometabolic risk associated to the metabolic
syndrome (14). Data available to date suggests arole for
both VAT and SAT in chronic cardiometabolic disease
(15). It has been argued that excess abdominal adipose
tissue is a consequence of today’s modern, sedentary
lifestyle patterns, including nutrition and dietary
behaviour (13). Inherently, the relationship between
dietary intake and health outcomes such as VAT and
SAT is very complex, with interactions that are not
captured by studying only single dietary components
(16).
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Discussao

A obesidade e a Diabetes Mellitus tipo 2 (DM2)
representam grandes riscos para o desenvolvimento
de doengas cardiovasculares (DCV), sendo atualmente
aceite que a resisténcia a insulina relacionada com
o tecido adiposo (branco e visceral) assim como o
pancreas - a deficiéncia de células B - representam
os mecanismos primarios do DM2 (8). Atualmente,
estas ligagdes entre obesidade, resisténcia a insulina
e DCV tém chamado a atencdo para a importancia da
dieta como parte do estilo de vida e, portanto, uma
forma potencialmente eficaz de ajudar a prevenir estes
reconhecidos grandes fardos, associados ou ndo ao
exercicio fisico e a atividade (9).

As dietas a base de plantas foram descritas como
uma forma de reduzir a gordura corporal através de
uma variedade de mecanismos, que cumulativamente
levam a redu¢do do consumo caldrico e aumentam o
gasto energético (4). Estes mecanismos podem incluir
a reducdo da densidade calodrica global da dieta e a
melhoria da saciedade, em parte devido a alteracdes
da microbiota intestinal (4). Além disso, o aumento
da sensibilidade a insulina, e um potencial aumento
do tecido adiposo branco contribuem para aumentar a
termogénese (4). As dietas a base de plantas também
tém sido consistentemente associadas a reducdo do
peso corporal em ensaios intervencionais (10,11).
Independentemente da amostra reduzida e do caracter
exploratorio do estudo, os nossos resultados ndo
encontraram diferengas estatisticas no IMC ou peso
corporal entre os participantes vegetarianos e ndo
vegetarianos. Nao foram observadas diferencas
estatisticas relativamente a distribuicdo da massa gorda
entre estes dois grupos. O grupo vegetariano-vegan
apresentou valores de TAV e TAS ndo estatisticamente
mais elevados, em comparagdo com o grupo omnivoro.
Nos ultimos anos, o excesso de TAV também
denominado obesidade visceral foi reconhecido como
um grande preditor de doencas cardiometabodlicas e
mortalidade por todas as causas, independentemente do
IMC e da obesidade geral (12,13). Além disso, o TAV,
que ¢ altamente ativo metabolicamente e contribui
para a inflamacdo sistémica, foi assumido como
sendo um elemento chave comum e motor do risco
cardiometabdlico associado a sindrome metabolica
(14). Até a data, os dados disponiveis sugerem um papel
tanto do TAV como do TAS na doenca cardiometabodlica
cronica (15). Tem-se argumentado que o excesso
de tecido adiposo abdominal ¢ uma consequéncia
dos atuais padrdes de vida modernos e sedentarios,
incluindo nutri¢do e comportamento dietético (13).
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We might easily agree that no diet, independently,
is more healthy than another. In all cases, the diet
needs to be properly planned regarding its macro and
micronutrient contents and the type of food products
chosen (17).

To the best of our knowledge, this is the first published
report detecting higher values of VAT and SAT with
detailed body mass scanning in vegetarian-vegan
young women and compared to a similar omnivore
population. The reduced sample is an obvious constraint,
limiting our interpretation. Still noninvasive imaging
technologies such as DXA are validated to quantify the
specific amounts of VAT and SAT in the body (18), and
DXA analysis is regarded for that purpose as a “gold-
standard”. Its accessibility and cost may explain the
limited numbers of large scale epidemiological studies
using this technique. Since SAT is the biggest reserve
of VAT, these results should be further studied with
special interest in healthy and normal weight and BMI
individuals to better understand its relationship with
diet and food group(s) consumption in healthy and non-
healthy individuals.

Conclusion

This exploratory study revealed some (not statistically
significant) differences between healthy volunteers
following vegetarian-vegan and omnivorous dietary
patterns. Vegetarian-vegan participants have shown
consistently lower mass volumes (total bone mass, fat
mass, lean mass, tissue mass, and fat-free mass) and
higher levels of subcutaneous and visceral adipose
tissue when compared with the omnivore group,
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Inerentemente, a relacdo entre o consumo dietético e
os resultados de saude, como o TAV e o TAS, é muito
complexa (16).

Poderiamos facilmente concordar que nenhuma dieta
¢ por si s6 mais saudavel do que outras. Em qualquer
caso, a dieta precisa de ser devidamente planeada em
relacdo ao seu contetido em macro ¢ micronutrientes e
ao tipo de produtos alimentares escolhidos (17).

Tanto quanto sabemos, este € o primeiro relatério
publicado que deteta valores mais elevados de TAV e
TAS com DXA em mulheres jovens vegetarianas e em
comparagao com uma populagdo omnivora semelhante.
A amostra reduzida é um constrangimento Obvio,
limitando a nossa interpretacao. Tecnologias de imagem
ainda nao invasivas como o DXA sdo validadas para
quantificar os montantes especificos de TAV e TAS no
organismo (18), e a andlise DXA ¢ considerada para
esse efeito, como um método “padrdo dourado”. A
sua acessibilidade e o seu custo explicam tdo poucos
estudos epidemioldgicos em larga escala utilizando esta
técnica. Uma vez que o TAS ¢ a maior reserva de TAV,
estes resultados devem ser estudados com especial
interesse em individuos saudaveis e normoponderais
para melhor compreender a sua relacdo com a dieta
e o consumo de grupos alimentares em individuos
saudaveis e nao saudaveis.

Conclusoes

Este estudo exploratorio revelou algumas diferencas
(ndo estatisticamente significativas) entre dois grupos
dietéticos. Os participantes vegetarianos-veganos
mostraram consistentemente volumes de massa mais
baixos (massa 0ssea total, massa gorda, massa magra,
massa tecidular e massa sem gordura) e niveis mais
elevados de tecido adiposo subcutaneo e visceral
quando comparados com 0 grupo omnivoro.
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Abstract

There is a great diversity of plants which are grown in the Atlantic Forest region of Brazil that produce small,
colorful, edible fruit that are used in empiric mode to treat several diseases, such as diabetes, as fruits are a rich
source of dietary phenolic antioxidants. In this study, we investigated the inhibitory activity of methanolic fruit
extracts from the Myrtaceae family -Psidium cattleianum (araga), Syzygium cumini (jambolao), Campomanesia
xanthocarpa (guabiroba), Eugenia uniflora (pitanga) and Eugenia pyriformis (uvaia) - against a-amylase and
intestinal a-glucosidase (maltose and sucrose). The antioxidant activities were evaluated using two different in vitro
assays: the 2,2’-azinobis(3-ethylbenzthiazoline-6-sulphonate) (ABTS) test and the 2,2’-diphenyl-1-picrylhydrazyl
(DPPH) test. The extracts of P. cattleianum, S. cumini, E. pyriformis inhibited o-amylase activity between 13%
and 60% (p<0.05). The extracts of P. cattleianum also inhibited a-glucosidase activity with either maltose or
sucrose as substrate between 15% and 61% (p<0.05). Additionally, these fruits are rich in phenolic compounds
with antioxidant activities.

Keywords: Myrtaceae, diabetes, phenolics, a-glucosidase, a-amylase

Resumo

Existe uma grande diversidade de plantas que produzem pequenos frutos comestiveis na regido da Mata Atlantica
do Brasil e que sdo utilizados, de modo empirico, para tratar varias doencas, como diabetes, devido aos frutos
coloridos serem fonte de antioxidantes fenolicos na dieta alimentar. Neste estudo investigamos a atividade
inibitéria de extratos metandlicos de frutos da familia Myrtaceae: Psidium cattleianum (araga), Syzygium cumini
(jamboldo), Campomanesia xanthocarpa (guabiroba), Eugenia uniflora (pitanga) e Eugenia pyriformis (uvaia)
na inibicdo da atividade das enzimas o-amilase e a-glicosidase intestinal (maltose e sacarose). A atividade
antioxidante foi determinada em dois diferentes ensaios in vitro: 2,2’-azinobis (3-etilbenztiazolina-6-sulfonato)
(ABTS) e 2,2’-difenil-1-picrilhidrazil (DPPH). Os extratos de P. cattleianum, S. cumini, E. pyriformis inibiram a
atividade da a-amilase entre 13% e 60% (P <0,05). O extrato de P. cattleianum inibiu a atividade da a-glicosidase
(substrato maltose ou sacarose) entre 15% e 61% (P <0,05). Além disso, esses frutos sdo ricos em compostos
fenolicos com atividade antioxidante.

Palavras-chave: Myrtaceae, diabetes, fenolicos, a-glicosidase, a-amilase
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Introduction

Chronic hyperglycemia due to carbohydrate metabo-
lism alterations is the main characteristic of type 2 dia-
betes mellitus (T2DM). This disease frequently does not
present many symptoms and thus can remain undiagno-
sed and untreated for many years, leading to micro- and
macrovascular damage to the eyes, kidneys, heart, and
nerves (1). Recommendations to prevent or to delay
the complications of this disease include a healthy diet,
regular physical exercise, and corporal weight control
(lifestyle change) (2).

Several drugs are indicated to treat T2DM, including
glucosidase inhibitors such as acarbose, miglitol, and
voglibose (3). These drugs act through the interruption
or slowing of the digestion of dietary starch in order
to decrease the rate of blood sugar absorption in the
small intestine by the inhibition of the activity of
a-amylase and a-glucosidase enzymes (4,5). Although
blood glucose is reduced, the glucosidase inhibitors
may generate some unexpected adverse effects, such
as diarrhea, abdominal pain, flatulence (3), and weight
gain (6).

Consumption of fruits rich in phenolic compounds
is associated with health benefits, and there is
evidence that some fruit extracts inhibit enzymes
involved in carbohydrate metabolism. Thus, fruit
extracts have been shown to be a potential source of
antihyperglycemic compounds, capable of slowing
down glucose absorption with minimum side effects.
The Myrtaceae family is one of the world’s leading
commercial fruit tree families with great potential to be
explored economically, with fruits presenting excellent
nutritional value. Among the various genera belonging
to this family, leaf and fruits extracts from Psidium
cattleianum (araca), Syzygium cumini (jambolao),
Campomanesia xanthocarpa (guabiroba), FEugenia
uniflora (pitanga), and FEugenia pyriformis (uvaia)
have been investigated in the treatment of diabetes.
The fruits are considered sources of phytochemicals
such as phenolic compounds, carotenoids, and volatile
compounds. Many of these phytochemicals have the
capability to act in controlling oxidative stress and
protein glycation due to their potential to decrease
hyperglycemia and hyperlipidemia by the inhibition of
the catalysis of digestive enzymes. They are related to
the prevention and management of several chronic and
degenerative diseases, including cancer, cardiovascular
diseases, obesity, amnesia among other disorders
(5,7,8). These genera are common in the Atlantic Forest
region in Brazil and are widely used in folk medicine
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Introducao

A hiperglicemia cronica, decorrente de alteragdes no
metabolismo dos carboidratos é a principal caracteristica
do diabetes mellitus tipo 2 (DMT2). Frequentemente
esta doeng¢a ndo apresenta muitos sintomas e pode
permanecer muitos anos sem diagndstico e tratamento,
levando a varios danos micro- e macrovasculares nos
olhos, rins, coragdo e nervos (1). As recomendagdes
para prevenir a doenca ou retardar as complica¢des
incluem uma dieta saudavel, exercicios fisicos regulares
e controlo do peso corporal (mudanga de estilo de vida)

).

Varios medicamentos sdo indicados para tratar DMT2,
tais como inibidores de glicosidase (por exemplo,
acarbose, miglitol e voglibose) (3). Estes medicamentos
atuam interrompendo ou retardando a digestdo do
amido, diminuindo a taxa de glicose no sangue,
proveniente da absor¢do através do intestino delgado.
Este processo ¢ mediado pela inibicdo da atividade
enzimatica da a-amilase e a-glicosidase (4,5). Apesar
da reducao da glicemia, os inibidores da glicosidase
podem gerar efeitos adversos, tais como diarreia, dor
abdominal, flatuléncia (3) e ganho de peso (6).

O consumo de frutos ricos em compostos fenolicos esta
associado a beneficios a saude e existem evidéncias de
que alguns extratos de frutos inibem as enzimas envol-
vidas no metabolismo dos carboidratos, evidenciando
uma fonte potencial de compostos anti-hiperglicémi-
cos, capazes de retardar a absor¢do da glicose com o
minimo de efeitos colaterais (5,7,8). A familia Myrta-
ceae ¢ uma das principais familias de arvores frutiferas
comerciais do mundo com grande potencial para ser
explorada economicamente, cujos frutos apresentam
excelente valor nutricional. Entre os varios géneros
pertencentes a esta familia foram investigados no tra-
tamento de DMT?2 os extratos de folhas e frutos de Psi-
dium cattleianum (aragd), Syzygium cumini (jambolao),
Campomanesia xanthocarpa (guabiroba), Eugenia uni-
flora (pitanga) e Eugenia pyriformis (uvaia). Os frutos
sdo considerados fontes de fitoquimicos como com-
postos fenodlicos, carotendides e compostos volateis.
Muitos desses fitoquimicos tém a capacidade de agir
controlando o estresse oxidativo e a glicagdo proteica
devido ao seu potencial de diminuir a hiperglicemia
e a hiperlipidemia, pela inibigdo da catalise das enzi-
mas digestivas. Eles estdo relacionados a prevengao e
ao manejo de varias doengas cronicas e degenerativas,
incluindo cancer, doencas cardiovasculares, obesidade,
amnésia entre outros disturbios (5,7,8). Estes géneros
sdo comuns na regiao da Mata Atlantica no Brasil e sdo



to treat hyperglycemia, but without scientific evidence
to support the effectiveness of treatment. Therefore,
the aim of this study was to characterize fruits from
plants of Myrtaceae family (Psidium cattleianum,
Campomanesia xanthocarpa, Eugenia pyriformis,
Eugenia uniflora and Syzygium cumini) that grow in the
Southern region of the Brazilian Atlantic Forest through
determination of inhibitory potential of a-amylase and
a-glucosidase, their total phenolic and total flavonoid
content, and their antioxidant activity.

Materials and Methods

Analytical reagents and chemicals

Reagents, solvents, and enzymes were purchased from
Sigma-Aldrich Chemical Co. (St. Louis, MO, USA).
Acarbose was purchased from Bayer (Glucobay® 100)
and the glucose assay kit (Glicose GOD) was purchased
from Labtest® (Minas Gerais, Brazil).

Plant material

The fully ripe fruit from Psidium cattleianum (red fruit,
accesses 44 and 87, and yellow fruit, access ‘bicudo’),
Campomanesia xanthocarpa, Eugenia pyriformis
(accesses 3,4, 11, and 15) and Eugenia uniflora (access
156) were harvested from the experimental field at
‘Embrapa Clima Temperado’, Research Station, in
Pelotas, RS, Brazil, (31° 42’ S, 52° 24’ W, Altitude: 57
m). Each access corresponds to a different germoplasm,
identified and registered in the Active Germplasm
Bank. The fully ripe fruit from Syzygium cumini was
harvested from the experimental field at ‘Universidade
Federal de Pelotas’, Capao do Ledo, RS, Brazil. Only
commonly edible parts were used for the analyses —
whole fruit for P. cattleianum and C. xanthocarpa; peel
and pulp for E. pyriformis, E. uniflora and S. cumini.
Fruits were selected, processed, freeze-dried and stored
at - 20°C.

Preparation of fruit extracts

Extract preparation was based on the method of
Alothman et al. (2009), with modifications. Frozen
fruits (200 g) were ground to a fine powder in a ball
mill (Marcone MA350, Sao Paulo, Brazil) with liquid
nitrogen and mixed (1:3, weight (w)/volume (v) ratio)
with an extraction solvent (methanol:water, 80:20, v/v
ratio). Samples were incubated for 3 hours in a water bath
with stirring and heating (40°C). Extracts were filtered,
dried in a rotatory evaporator at 40°C (La Borota 4000
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amplamente utilizados na medicina popular para tratar
a hiperglicemia, mas sem evidéncias cientificas que
apoiem a eficacia do tratamento. Portanto, o objetivo
deste estudo foi caracterizar frutos de plantas da fami-
lia Myrtaceae (Psidium cattleianum, Campomanesia
xanthocarpa, Eugenia pyriformis, Eugenia uniflora e
Syzygium cumini) que crescem na regido sul da Mata
Atlantica brasileira, através da determinagdo do poten-
cial inibitério da o-amilase e a-glicosidase, seu conteu-
do de compostos fendlicos totais e flavonoides totais,
bem como a atividade antioxidante.

Material e Métodos

Reagentes analiticos e produtos quimicos

Reagentes, solventes e enzimas foram adquiridos da
Sigma-Aldrich Chemical Co. (St. Louis, MO, EUA).
Acarbose foi obtida comercialmente do fabricante
Bayer (Glucobay® 100) ¢ o kit de ensaio de glicose
(Glicose GOD) foi comprado da Labtest® (Minas
Gerais, Brasil).

Material vegetal

Os frutos totalmente maduros de Psidium cattleianum
(fruto vermelho, acessos 44 ¢ 87 e fruto amarelo,
acesso  ‘bicudo’), Campomanesia  xanthocarpa,
Eugenia pyriformis (acessos 3, 4, 11 e 15) e Eugenia
uniflora (acesso 156) foram colhidos do campo
experimental na ‘Embrapa Clima Temperado’, Estac@o
de Pesquisa, em Pelotas, RS, Brasil, (31° 42" S, 52° 24’
W, Altitude: 57 m) sendo cada acesso correspondente
a um germoplasma diferente, identificado e registrado
no Banco de Germplasma Ativo. O fruto totalmente
maduro de Syzygium cumini foi colhido do campo
experimental da Universidade Federal de Pelotas,
Capdo do Ledo, RS, Brasil. Para as analises foram
utilizadas apenas partes comumente comestiveis - fruta
inteira para P. cattleianum e C. xanthocarpa; casca e
polpa para E. pyriformis, E. uniflora e S. cumini. Os
frutos foram selecionados, processados, liofilizados ¢
armazenados a - 20°C.

Preparagdo dos extratos dos frutos

Os extratos foram realizados segundo o método de
Alothman et al. (2009) com modificagdes. Frutos
congelados (200 g) foram moidos em pod fino em um
moinho de bolas (Marcone MA350, Sao Paulo, Brasil)
com nitrogénio liquido e misturados (1:3, relagdo
peso (m)/volume (v)) com o solvente de extracao
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Heidolph, Schawabach, Germany) and freeze-dried
(Enterprise Terroni, Sdo Carlos (SP), Brazil). Extracts
were prepared in triplicate and dissolved in methanol/
water (1:3) to a concentration of 5,0 g.ml -! and stored
at - 20°C until analysis.

Determination of total phenolic content

Total phenolics were determined by using the Folin-
Ciocalteu method described by Swain and Hillis (10).
Results were expressed as milligram of gallic acid
equivalents per 100 g fresh weight (mg of GAE/100
g fw).

Determination of total flavonoids content

The total flavonoid content was measured according to
the method described by Zhishen et al. (11). Results
were expressed as milligram catechin equivalents per
100 g fresh weight (mg of CE/100 g fw).

DPPH and ABTS radical-scavenging assay

Antioxidant activity was determined using the DPPH
radical scavenging method according to Brand-
Williams et al. (12). The ABTS method was performed
according to Re et al. (13). Results were expressed as
a percentage of inhibition of DPPH or ABTS radical,
respectively.

a-amylase inhibition assay

Inhibitory activity of a-amylase was determined
according to Yu et al. (14) with modifications. The
tests were performed using a-amylase from Bacillus
licheniformis (40 units/mL), aqueous extracts at
different concentrations (0.1; 0.25; 0.5; 1.0; 2.5; 5.0;
10.0 mg/mL) and a solution of soluble starch (1%).
Acarbose was used as positive control (5 uM) (15). The
inhibition (%) was calculated by using the following
formula:

(Control Abs- Sample Abs)
(Control Abs)

Percent _
Inhibition

X 100
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(metanol:agua, 80:20, relagdo v/v). As amostras foram
incubadas durante 3 horas em um banho de agua com
agitacdo e aquecimento (40°C). Os extratos foram
filtrados e secos utilizando um evaporador rotatorio
a 40°C (La Borota 4000 Heidolph, Schawabach,
Alemanha) e liofilizados (Enterprise Terroni, Sao
Carlos (SP), Brasil). Os extratos foram preparados em
triplicata e dissolvidos em metanol/agua (1:3) a uma
concentragdo de 5,0 g.ml ' e armazenados a - 20°C até
a analise.

Determinacgdo do conteudo fendlico total

O conteudo fenolico total foi determinado utilizando
o método Folin-Ciocalteu descrito por Swain e Hillis
(10). Os resultados foram expressos em miligrama
de equivalentes de acido gélico por 100 g de material
fresco (peso fresco) (mg de EAG/100 g mf).

Determinagdo do teor total de flavonoides

O conteudo total de flavonoides foi determinado
utilizando o método descrito por Zhishen et al. (11).
Os resultados foram expressos em equivalente de
catequina miligrama por 100 g de material fresco (peso
fresco) (mg de EC/100 g mf).

Ensaio de DPPH e ABTS para a remog¢do de radicais

A atividade antioxidante foi determinada utilizando o
método DPPH, de acordo com Brand-Williams et al.
(12). O método ABTS foi realizado de acordo com
Re et al. (13). Os resultados foram expressos como
percentagem de inibicdo do radical DPPH ou ABTS,
respectivamente.

Ensaio da inibicdo da a-amilase

A atividade inibitéria da a-amilase foi determinada de
acordo com Yu et al. (14) com modificagdes. Os testes
foram realizados utilizando a-amilase de Bacillus
licheniformis (40 unidades/mL), extratos de frutos
em diferentes concentragdes (0,1; 0,25; 0,5; 1,0; 2,5;
5,0; 10,0 mg/mL) e solucdo de amido soluvel (1%).
Acarbose foi utilizada como controle positivo (5 M)
(15). A inibicao (%) foi calculada usando a seguinte
formula:

_ (Abs Controle - Abs Amostra)
(Abs Controle)

Inibicao
percentual —

X 100



o-glucosidase inhibition assay

Intestinal a-glucosidase inhibitory activity was based
on the method of Adisakwattana et al. (16) with
modifications. Intestinal acetone powder from rat
(Sigma-Aldrich catalog n° 11630) were used for the
enzyme solution and maltose (86 mM) or sucrose
(400 mM) solutions as the substrate. Fruits extracts
were used in different concentratios (1; 2.5; 5.0; 10.0
mg/mL) in aqueous solution. Acarbose was used as a
positive control (5 uM) (15). The inhibition (%) was
calculated by using the following formula:

(Control Abs- Sample Abs)
(Control Abs)

Percent _
Inhibition

X 100

Statistical analysis

The results were expressed as mean values and standard
error (SE). Data were analyzed using one-way analysis
of variance (ANOVA) followed by Tukey’s Test with
p<0.05. The statistical program used was GraphPad
Prism® version 5.0 (San Diego, California, USA). All
analyses were performed in triplicate.

Results and Discussion

Phenolic content and antioxidant capacity

The total content of phenolic compounds and flavonoids
of the fruits analyzed in this study are shown in Table
1. The total phenolic compound content ranged from
181.48 to 541.15 mg of GAE/100 g fw. S. cumini had
the highest phenolic compound content (541,15 mg of
GAE/100 g fw) followed by C. xanthocarpa (495,86
mg of GAE/100 g fw) and P. cattleianum (all accesses)
(range 435,81 to 445,64 mg of GAE/100 g fw). Gajera
et al. (17) evaluated the phenolic content in methanolic
extract of S. cumini and describe results similar to those
in our study. According the authors, seven phenolic
compounds (gallic acid, catechin, chlorogenic acid,
caffeic acid, ferulic acid, ellagic acid and quercetin)
were identified in higher concentrations in seeds and
seeds parts. In the P. cattleianum, we observed similar
quantitative results as reported by Pereira et al. (18).
However, discrepant higher values (632.56 to 581.02
mg of GAE/100 g fw) were reported by Medina et al.
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Ensaio da inibi¢do da o-glicosidase

A medida da inibicdo da a-glicosidase intestinal foi
baseada no método de Adisakwattana et al. (16), com
modificacdes. Foi utilizado pd de acetona intestinal
obtida de rato (Sigma-Aldrich catalog n° 11630) como
solucdo enzimatica ¢ maltose (86 mM) ou sacarose
(400 mM) como substrato. Os extratos de frutos foram
utilizados em diferentes concentragoes (1; 2,5; 5,0; 10,0
mg/mL) em solucdo aquosa. Acarbose foi utilizada
como controlo positivo (5 pM) (15). A inibicao (%) foi
calculada usando a seguinte formula:

_ (Abs Controle - Abs Amostra)
(Abs Controle)

Inibicao
percentual —

X 100

Andlise estatistica

Os resultados foram expressos como valores de média +
erro padrao (EP). Os dados foram analisados utilizando
a analise de variancia unidirecional (ANOVA) seguida
pelo Teste de Tukey com p<0,05. O programa estatistico
utilizado foi o GraphPad Prism® versdo 5.0 (San Diego,
Califérnia, EUA). Todas as analises foram realizadas
em triplicatas.

Resultados e Discussio

Conteudo fendlico e capacidade antioxidante

O contetido total de compostos fendlicos e flavonoides
dos frutos analisados estdo descritos na Tabela 1. O
contetido de compostos fendlicos total variou de 181,48
a 541,15 mg de EGA/100 g mf). A maior concentragdo
de compostos fenolicos foi identificada nos frutos
de S. cumini (541,15 mg de EGA/100 g mf) seguido
por C. xanthocarpa (495,86 mg de EGA/100 g mf)
e P cattleianum (todos os acessos) (435,81 a 445,64
mg de EAG/100 g mf). Gajera et al. (17) avaliaram o
conteudo fendlico em extrato metanolico de S. cumini e
descreveram resultados similares aos obtidos em nosso
estudo. Segundo os autores, sete compostos fenolicos
(acido galico, catequina, acido clorogénico, acido
cafeico, acido fertlico, acido eldgico e quercetina)
foram identificados em maiores concentracdes nas
sementes e partes das sementes. Para P. cattleianum,
em nosso estudo observamos resultados quantitativos
semelhantes aos relatados por Pereira et al. (18).
Entretanto, valores maiores (632,56 a 581,02 mg de
EAG/100 g mf) foram descritos no estudo de Medina
et al. (19), que avaliaram a composicao da polpa em
extrato aquoso. Estas diferencas podem ser devidas a
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Table 1 - Total phenolic compounds, total flavonoids and antioxidant capacities of methanolic extracts of fruits
from Myrtaceae family from the Rio Grande do Sul, Brazil. Data represents the mean of three independent
determinations (n=3), performed in triplicate. Values in each column with distinct letters are significantly
different (*p<0.05) using ANOVA and Tukey’s post hoc analysis

Tabela 1 - Compostos fendlicos totais, flavonoides totais e capacidade antioxidante de extratos metanolicos de
frutos da familia Myrtaceae do Rio Grande do Sul, Brasil. Dados representam a média de trés determinagdes
independentes (n=3), realizadas em triplicatas. Valores descritos na mesma coluna, seguidas por letras distintas,
diferem estatisticamente (p<0,05) na analise estatistica ANOVA seguida de analise post hoc pelo teste de Tukey.

Total Total Antioxidant capacities /
Phenolics / Flavonoids / Capacidade antioxidante
Fruits/ Frutos Fenolicos Flavonoides

totais! totais? DPPH’ ABTS"

P, cattleianum access 44 435.81° 82.512 95.622 66.122
P. cattleianum access 87 439.33b 85.37° 93.952 65.182
P. cattleianum access bicudo 445.64° 100.072 94.512 71.952
C. xanthocarpa 495.86° 52.61° 95.138 55.32b
S. cumini 541.15° 86.75° 94.532 64.142
E. uniflora access 156 293.48¢ 12.65¢ 67.10° 21.78¢
E. pyriformis access 3 399.01¢ 43.67° 87.20° 25.99¢
E. pyriformis access 4 181.48¢ 14.35¢ 40.78¢ 18.32¢
E. pyriformis access 11 240.25¢ 20.50¢ 47.02¢ 21.37¢
E. pyriformis access 15 211.93¢ 21.84¢ 41.604 24.13¢

! Total phenolics compounds expressed in milligram of gallic acid equivalents per 100 g fresh weight (mg
GAE/100g fw) / Compostos fenolicos totais expressos em miligrama de equivalente de acido galico por 100
g de material fresco (mg EAG/100 g mf).

?Total flavonoids expressed in milligram of catechin equivalents per 100 g fresh weight (mg CE/100g fw)
/ Flavonoides totais expressos em miligrama de equivalente de catequina por 100 g de material fresco (mg
EC/100 g mf).

*Expressed in % of inhibition of DPPH radical / Expresso em % de inibi¢ao do radical DPPH.

*Expressed in % of inhibition of ABTS radical / Expresso em % de inibi¢do do radical ABTS.
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(19), who evaluated the composition of pulp in aqueous
extracts. These differences can be due to several
factors, such as humidity, soil type, climate during the
development phase, stage of maturation (20), genetic
differences, and postharvest storage conditions (21).
The part(s) of the fruit utilized and the method of
extraction can also contribute to these differences (18).

In order to determine the antioxidant activity of the
extracts, two distinct methods were used (DPPH and
ABTS) (Table 1). The highest percentage of inhibition
of DPPH radicals were observed in C. xanthocarpa
(95.13%), S. cumini (94.53%) and P. cattleianum (all
accesses) (93.95% to 95.62%), which correlated with
the highest levels of phenolic compounds detected.
Similar results were observed in the inhibition of
ABTS radicals. Total phenolic content is positively
correlated with antioxidant activity. In fact, major
phenolic compounds related to fruits from Myrtaceae
family, such as gallic acid, catechin, ellagic and ferulic
acids are strongly linked to antidiabetic and free radical
scavenging activity (17). Chelation, inhibition of lipid
peroxidation, anti-inflammatory, and antiproliferative
properties are also linked to phenolic compounds (18).
Other authors have also described the antioxidant
property of methanolic extract of S. cumini in leaves,
fruit peel, and leaf gall, corroborating with our results
(22).

Inhibitory activities against a-amylase and
a-glucosidase

Currently available drugs for the control of
hyperglycemia are effective, however, the search for
alternatives that will have fewer side effects is of great
interest. Therefore, this study assessed fruit extracts for
their inhibitory potential in the activity of a-amylase
and a-glucosidase which are directly related to glucose
absorption. Extracts of plants that are rich in phenolic
compounds have been described as inhibiting both
enzymes (5). In our study, P. cattleianum access 44
(2.5 mg/mL), S. cumini (0.1, 0.25, 0.5 and 1.0 mg/mL)
and E. pyriformis access 11 (0.1, 0.25, 0.5 and 1,0 mg/
mL) and access 15 (0.1, 0.25 and 0.5 mg/mL) extracts
significantly inhibited (p<0.05) o-amylase activity in
vitro (Figure 1). The extract of S. cumini demonstrated
the highest percentage of a-amylase activity inhibition
(60.50 £ 1.37%) at lower concentrations (0.1 mg/mL).
In an in vivo study, rats fed with ethanolic extract of
S. cumini seed and pulp were observed to have an
ameliorated / lower production of insulin and a better
blood sugar balance (17). This effect was attributed
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varios fatores como umidade, tipo de solo, clima durante
a fase de desenvolvimento, estagio de maturacdo (20),
diferengas genéticas e condigdes de armazenamento
pos-colheita (21). Além disso, a parte da fruta utilizada
e o método de extragdo também podem ser responsaveis
por estes resultados (18).

Para determinar a atividade antioxidante dos extratos,
foram utilizados dois métodos distintos (DPPH e
ABTS) (Tabela 1). A maior porcentagem de inibicao
dos radicais DPPH foi observada para C. xanthocarpa
(95,13%), S. cumini (94,53%) e P. cattleianum (todos
0s acessos) (93,95% a 95,62%), sendo observada a
relacdo da atividade antioxidante naqueles frutos com
as maiores concentragdes de compostos fenolicos.
Resultados semelhantes foram observados para
inibig¢do dos radicais ABTS. O contetido fendlico total
estd positivamente correlacionado com a atividade
antioxidante. De fato, os principais compostos
fenolicos encontrados nos frutos da familia Myrtaceae,
tais como acido galico, catequina, acido elagico e acido
fertlico estdo altamente relacionados com a atividade
antidiabética ¢ antioxidante (17). As propriedades
quelantes, inibicdo da peroxidagdo lipidica, anti-
inflamatorios e antiproliferativos também estdo
correlacionadas com compostos fenolicos (18). Outros
autores também descrevem a propriedade antioxidante
do extrato metandlico de S. cumini obtido a partir de
folhas, casca de frutas e galhas das folhas, corroborando
com nossos resultados (22).

Inibi¢do da atividade de a-amilase e a-glicosidase

Os medicamentos atualmente disponiveis para o
controle da hiperglicemia sdo efetivos. Entretanto,
a busca de alternativas que tenham menos efeitos
colaterais ¢ de grande interesse. Portanto, este estudo
avaliou extratos de frutos que apresentem potencial
inibitério na atividade da a-amilase e a-glicosidase,
enzimas que estdo diretamente relacionados a
absorcao da glicose. Dentre os possiveis frutos a serem
utilizados, aqueles ricos em compostos fendlicos sao
descritos como inibidores de ambas as enzimas (5). Em
nosso estudo, extratos de P. cattleianum acesso 44 (2,5
mg/mL), S. cumini (0,1, 0,25, 0,5 ¢ 1,0 mg/mL) e E.
pyriformis acessos 11 (0,1, 0,25, 0,5 e 1,0 mg/mL) e
15 (0,1, 0,25 e 0,5 mg/mL) significativamente inibiram
a atividade da o-amilase in vitro (p<0,05) (Figura
1). O extrato de S. cumini foi responsavel pela maior
porcentagem de inibi¢do (60,50 + 1,37%) da atividade
da a-amilase em concentra¢des mais baixas (0,1 mg/
mL). Em um estudo in vivo, ratos foram tratados com
extrato etanolico de S. cumini, obtido a partir de semente
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Figure 1 - a-amylase inhibitory activities of fruits from Myrtaceae family from the Rio Grande do Sul, Brazil.
Data are expressed in % of inhibition in relation of control (n=3). * Indicates significantly difference (*p<0.05)
using ANOVA and Tukey’s post hoc analysis in relation of control (0% of inhibition); * Indicates significantly
difference (*p<0.05) between different concentrations of the same group

Figura 1 - Inibi¢do da atividade de a-amilase por frutos da familia Myrtaceae do Rio Grande do Sul, Brasil.
Dados sao expressos em % de inibi¢ao em relagdo ao controle (n=3). *Indica diferenca significativa (*p <0,05)
usando ANOVA e analise post hoc de Tukey, em relagdo ao controle (0% de inibigdo); * Indica diferenga
significativa (* p <0,05) entre diferentes concentragdes do mesmo grupo.
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to ellagic acid and its ability to stop the conversion of
starch into sugar when glucose level increases in blood
(17,23). The a-amylase inhibition is also attributed
to catechins. These are able to bind to the active site
side chains, resulting in a complex that prevents the
substrate from binding (noncompetitive inhibition), and
variations in catechin structure can affect their power of
inhibition. The addition of a galloyl group, for example,
creates a powerful inhibitor inhibition (24). Similarly
to our results, Poonguran et al. (25) also demonstrate
a significantly higher inhibitory effects on a-amylase
using methanol and water extracts of S. cumini leaves,
rich in thetriterpenoids ursolic acid and oleanolic acid.

it

E. pyriformis access 15
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e polpa, onde foi observada uma melhora na produgio
de insulina e do balango de glicose no sangue (17). Este
efeito foi atribuido ao acido elagico e sua capacidade
de modular a conversao de amido em agucar quando o
nivel de glicose no sangue aumenta (17, 23). A inibicao
da a-amilase também pode ser atribuida as catequinas.
Estas sdo capazes de se ligar as cadeias laterais do
sitio ativo, resultando em um complexo que impede
a ligacdo do substrato (inibigdo ndo competitiva). A
variagdo na estrutura da catequina pode afetar seu poder
de inibi¢cdo. Ao adicionar o grupo galoil o composto
formado ¢é capaz de exercer uma poderosa inibicao (24).
Semelhante aos nossos resultados, Poonguran et al. (25)

[ Acarbose

3 1.0mgmL"
2.5mg.mL"’
[ 5.0 mg.mL'1
B3 10.0mgmL"’

) *

Acarbose

0 20

40 60 R0 100

% of inhibition of a-glucosidase activity (maltase) /
% de inibi¢do da atividade da a-glicosidase (maltase)

Figure 2 - a-glucosidase/maltase inhibitory activities of fruits from Myrtaceae family from the Rio Grande
do Sul, Brazil (maltose substrate). Data are expressed in % of inhibition in relation of control (n=3)* Indicates
significantly difference (*p<0.05) using ANOVA and Tukey’s post hoc analysis in relation of control (0% of
inhibition); # Indicates significantly difference (*p<0.05) between different concentrations of the same group.
Figura 2 - Inibicao da atividade de a-glicosidase/maltase por frutos da familia Myrtaceae do Rio Grande do
Sul, Brasil (substrato maltose). Dados sdo expressos em % de inibi¢ao em relagdo ao controle (n=3)

*Indica diferenca significativa (*p <0,05) usando ANOVA e analise post hoc de Tukey, em relagdo ao controle
(0% de inibigdo); *Indica diferenca significativa (* p <0,05) entre diferentes concentragdes do mesmo grupo.
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Figure 3 - a-glucosidase inhibitory activities of fruits from Myrtaceae family from the Rio Grande do Sul, Brazil
(sucrose substrate). Data are expressed in % of inhibition in relation of control (n=3). * Indicates significantly
difference (¥p<0.05) using ANOVA and Tukey’s post hoc analysis in relation of control (0% of inhibition); *
Indicates significantly difference (*p<0.05) between different concentrations of the same group.

Figura 3 - Inibicao da atividade de a-glicosidase por frutos da familia Myrtaceae do Rio Grande do Sul, Brasil
(substrato sacarose).Dados sdo expressos em % de inibicdo em relacdao ao controle (n=3). *Indica diferenca
significativa (*p <0,05) usando ANOVA e analise post hoc de Tukey, em rela¢ao ao controle (0% de inibi¢do);
#*Indica diferenca significativa (* p <0,05) entre diferentes concentragdes do mesmo grupo.
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Phenolic compounds were found to be effective
inhibitors ~ of  intestinal  a-glucosidase/maltase
activity. Phenolic compounds positively interact with
enzymes by changing their biocatalytic action. The
carboxyl and hydroxyl groups of phenolic acids bind
to the starch through hydrogen bonds, chelation or
covalent bonds, forming bridges or cross-links (23).
a-Glucosidase activity was evaluated using maltose
and sucrose substrates. P. cattleianum access 44 (2.5,
5.0 and 10.0 mg/ml) and access 87 (5.0 and 10.0 mg/
ml) were capable of significantly inhibiting maltase
activity (p<0.05) (Figure 2). When we used sucrose as
substrate, P. cattleianum access 44 (5.0 and 10.0 mg/ml)
and access 87 (5.0 and 10.0 mg/ml) were able to inhibit
a-glucosidase activity (p<0.05) (Figure 3). Interestingly,
the inhibitory effects were observed in the presence of
the highest flavonoids contents. In a study with red
fruits of P. cattleianum, several anthocyanins (cyanidin-
3-glucoside, malvidin-3-glucoside, and cyanidin
chloride) were identified as majority compounds (26).
Flavonoids myricetin and quercetin, found in Hovenia
Dulcis Thunb, have been reported to reversibly inhibit
a-glucosidase ins anoncompetitive manner (8). It should
also be noted that enzymes of different origin showed
different results. When assessing inhibition of yeast
a-glucosidase, cyanidin (99%), myricetin (94%) and
genistein (93%) were the main inhibitors. When using
a-glucosidase from rat small bowel, the main inhibitors
were epigallocatechin gallate (32%), myricetin (29%),
and quercetin (28%) (27). Moreover, other authors have
reported the a-glucosidase inhibitory activity might be
due to the present of ellagitannins, such as punicalin
and punicalagin (28).

Extracts from yellow P. cattleianum access ‘bicudo’,
E. uniflora, and E. pyriformis accesses 3 and 4 did
not significantly inhibit a-amylase or a-glucosidase
activity in our study. However the concentration of total
content of phenolic compounds and flavonoids reported
are similiar in red and yellow fruits of P. cattleianum,
previous studies demonstrate that yellow fruits are
rich in carotenoids (18) and red fruits has high content
of anthocyanins (20), that may contribute to explain
specific biological activities observed in our study.
Pinto et al. (21) and Podsedek et al. (4) report that
inhibition of the activity of both enzymes seems not
to depend on the total phenolic compound content but
the characteristics of the individual compounds such as
concentration, structure, and interaction between them.
These characteristics can contribute to the stability,
solubility, and binding ability of these compounds to
target enzymes (4).
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demonstram um efeito inibitorio significativamente
maior na atividade da enzima o-amilase utilizando
extratos metanolicos e aquosos de folhas de S. cumini,
ricos em dois triterpenodides, acido ursolico e acido
oleanélico.

Os compostos fendlicos sao descritos como inibidores
eficazes da atividade intestinal a -glicosidase/maltase.
Estes interagem positivamente com as enzimas,
alterando sua ac@o biocatalitica. Os grupos carboxil
e hidroxil dos 4cidos fenodlicos ligam-se ao amido
através de ligagdes de hidrogénio, quelagdo ou ligacdes
covalentes, formando pontes ou ligacdes cruzadas
(23). A atividade da a-glicosidase foi avaliada tendo
como substratos maltose e sacarose. P. cattleianum
acesso 44 (2,5, 5,0 e 10,0 mg/ml) e acesso 87 (5,0 e
10,0 mg/ml) inibiram significativamente a atividade da
maltase (p<0,05) (Figura 2). Para o substrato sacarose,
P cattleianum acesso 44 (5,0 e 10,0 mg/ml) e acesso
87 (5,0 e 10,0 mg/ml) também inibiram a atividade da
a-glicosidase (p<0,05) (Figura 3). Curiosamente, estes
efeitos inibidores foram observados na presenga dos
mais altos contetidos de flavonoides. Em um estudo
com frutos vermelhos de P. cattleianum foi identificada
a presenca de antocianinas (cianidina-3-glicosideo,
malvidina-3-g glicosideo e cloreto de cianidina) como
compostos majoritarios (26). Também os flavonoides
miricetina e quercetina encontrados em Hovenia Dulcis
Thunb, foram descritos como inibidores reversiveis de
a-glicosidase, de forma nao competitiva (8). Além disso,
enzimas de diferentes origens apresentaram resultados
diferentes. Ao se avaliar a inibigdo da a- glicosidase
de levedura, a cianidina (99%), a miricetina (94%) e
a genisteina (93%) foram os principais inibidores.
Quando se utilizou a-glicosidase de intestino de ratos,
os principais inibidores foram a epigalocatequina
galato (32%), a miricetina (29%) e a quercetina (28%)
(27). Outros autores também relataram que a atividade
inibitéria a-glicosidase pode ser devida a presenga
de elagitaninas, como a punicalina e a punicalagina
(28).

Os extratos de P cattleianum amarelo acesso
‘bicudo’, E. uniflora, E. pyriformis acessos 3 e 4 nao
inibiram significativamente a atividade de a-amilase e
a-glicosidase em nosso estudo. Embora a concentragao
do conteudo total de compostos fenolicos e flavonoides
relatados sejam semelhantes nos frutos vermelhos
e amarelos de P. cattleianum, estudos anteriores
demonstram que os frutos amarelos sdo ricos em
carotenodides (18) e os frutos vermelhos possuem alto
teor de antocianinas (20), que pode contribuir para
explicar atividades bioldgicas especificas observadas
em nosso estudo. Pinto et al. (21) e Podsedek et al. (4)
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Conclusion

Extracts of P. cattleianum (accesses 44 and 87), S.
cumini and E. pyriformis (accesses 11 and 15) evaluated
in this study were effective in inhibiting the activity of
a-amylase and/or a-glucosidase in vitro, correlated with
high content of phenolic compounds and antioxidant
capacity. Considering the evidence which suggests
that phenolic compounds are relevant in the prevention
or treatment of chronic diseases, including T2DM,
increasing knowledge on the biological activities of
native fruits rich in this compounds could be useful for
developing functional foods focus on health benefits.
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relatam que a inibi¢ao da atividade de ambas as enzimas
parece nao depender do contetido total dos compostos
fenolicos e sim das caracteristicas dos compostos
individuais, como concentragdo, estrutura e¢ interacao
entre eles. Estas caracteristicas podem contribuir para
a estabilidade, solubilidade e a capacidade de ligagdo
destes compostos com as enzimas alvo (4).

Conclusoes

Extratos de P. cattleianum (acessos 44 e 87), S. cumini
e E. pyriformis (acessos 11 e 15) avaliados neste estudo
foram eficazes na inibi¢do da atividade de a-amilase
e / ou a-glucosidase in vitro, correlacionado com alto
teor de compostos fenolicos e capacidade antioxidante.
Considerando as evidéncias que sugerem que oS
compostos fenolicos sdao relevantes na prevengdo ou
tratamento de doengas cronicas, incluindo o DMT?2,
aumentar o conhecimento das atividades bioldgicas de
frutas nativas ricas nesses compostos pode ser util para
o desenvolvimento de alimentos funcionais com foco
em beneficios a satude.
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Abstract

Some challengers such as methylnicotinate (MN) have been used in human models to study the anti-inflammatory effect
of topical formulations. However, MN skin responses are still poorly understood and widely varied. In the present study
we aim to contribute to better characterise those responses. Eight healthy participants were selected. All procedures were
approved by the institutional Ethics Committee. Two aqueous MN dilutions (0.5% and 1.0%) were left in contact for
1 minute in the anterior forearm skin. Following exposure, skin reactions were clinically and biometrically assessed at
30, 60 and 120 minutes and compared with baseline. Measurements involved the ICDRG clinical score scale and select
analytical technologies - laser Doppler flowmetry, Polarised Spectroscopy, Transepidermal Water Loss Meter, and High
Resolution Sonography. Results have shown that MN application evoked a maximal response at 30 minutes with an
increase in the ICDRG score between 1-2. Significant changes in TEWL and microcirculation were observed, as was
an increased dermal hypoecogenicity (edema), detected by HRS. These effects are compatible with a localised short-
duration inflammation and reinforce the interest of MN to be used as a safe and controllable challenger in human models.

Keywords: Methyl Nicotinate, in vivo human skin, microcirculation, TEWL, inflammation

Resumo

Algumas substancias, como o metilnicotinato (MN), tém sido usados em experimentos de provocagdo na pele humana
para estudar o efeito anti-inflamatorio de formulagdes topicas. No entanto, as respostas da pele ao MN ainda sdao pouco
conhecidas e amplamente variadas. No presente estudo pretendemos contribuir para melhor caracterizar essas respostas.
Oito participantes saudaveis foram selecionados. Todos os procedimentos foram aprovados pelo Comité de Etica
institucional. Duas dilui¢cdes aquosas de MN (0,5% e 1,0%) foram colocadas em contacto com a pele do antebrago por
1 minuto. Apds a exposigdo, as reagdes cutdneas foram avaliadas clinica e biometricamente nos tempos 30, 60 e 120
minutos e comparadas com a linha de base. As medi¢des envolveram a escala de pontuacao clinica do ICDRG e outras
tecnologias - fluxometria por laser Doppler, espectroscopia polarizada, medida da perda de 4gua transepidérmica (PTEA)
e Ultra-Sonografia de Alta Resolugdo (USAR). Os resultados mostraram que a aplicagdo de MN evocou uma resposta
maxima apds 30 minutos. com um aumento no escore ICDRG entre 1-2. Também provocou mudangas significativas
na PTEA, microcirculagdo e um aumento da hipoecogenicidade dérmica (edema) detectado por USAR. Esses efeitos
sdo compativeis com uma inflamagao localizada de curta duragdo e reforcam a utilidade do MN para usado como um
desafiador seguro e controlavel em modelos humanos.

Palavras-chave: Metilnicotinato, pele humana in vivo, microcirculagdo, Perda Transepidérmica de agua, inflamagao
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Introduction

Inflammation is a key feature in clinical dermatology,
with an enormous variety of factors and mechanisms
affecting skin inflammatory processes and their clinical
expression in terms of signs and subjective symptoms.
These complicated interactions between skin and the
immune system and skin and the nervous system,
sometimes referred to as the neuro-immuno-cutaneous
(NIC) system are probably a major component of this
reality still far from being fully understood (1-3). From
the therapeutic point of view this is a remarkable target
for pharma and skin care industries since inflammatory
disorders are present during the whole human lifecycle,
from the newborn to the elderly (4-6). Market demand is
growing widely, such that “over-the-counter” medicines
and cosmetics are among the consumers’ preference all
over the world, reflecting also easy access and product
satisfaction (7,8).

The systematic investment in the safety evaluation of
dermatological products before market introduction
partially explains this success. In the post-animal-ban
testing era, many new approaches for skin irritation
testing and risk assessment were proposed in vitro,
primarily in human (9,10). Several challengers were
progressively developed to assess, again in human, the
effectiveness of anti-inflammatory formulations, such
as the anionic detergent sodium lauryl sulfate (SLS),
benzoic acid, sorbic acid, methyl nicotinate (MN).
Some mechanical approaches (friction, abrasive grains,
tape-striping) have also been proposed and used as
irritants (11,12). A remarkable amount of experimental
information accumulated around SLS and MN have led
these compounds to be regarded as safe and capable
of reproducing a controlled “inflammation-like” state
useful for safety and efficacy assessments of many
topical products (12-15). However, data shows that SLS
is a strong skin irritant which deforms cell membrane
proteins, especially when applied under occlusion
(0.5% dilutions and higher), provoking an intense,
clinically variable, and lasting aggression to the skin not
without risk or/and discomfort. (16-18). In turn, MN is
a nicotinic acid derivative whose vasodilator capacity
seems to be of multifactorial origin (19,20). MN, as
benzoic acid, sorbic acid, and nicotinic acid derivatives,
is able to provoke nonimmunologic contact urticaria
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Introducao

Ainflamagao éuma caracteristicachave em dermatologia
clinica, apesar de existir uma enorme variedade
de fatores e mecanismos que afetam os processos
inflamatorios da pele e sua expressdo clinica em
termos de sinais e sintomas subjetivos. Estas interagdes
complexas entre a pele e o sistema imunologico e a pele
€ o sistema nervoso, as vezes referidas como sistema
neuro-imuno-cutdneo (NIC) sdo provavelmente uma
componente importante de uma realidade ainda longe
de ser totalmente compreendida (1-3). Do ponto
de vista terapéutico, este ¢ um alvo notavel para as
industrias farmacéutica e de cuidados com a pele,
pois os distarbios inflamatdrios estdo literalmente
presentes durante todo o ciclo de vida humana, desde
o individuo recém-nascido até o idoso (4-6). De fato,
este ¢ um amplo mercado de demanda crescente onde
os medicamentos e cosméticos “de venda livre” estdo
entre as preferéncias dos consumidores em todo o
mundo, reflexo também do facil acesso e satisfacdo de
uso (7,8).

O investimento sistematico na avaliacdo de seguranga
dos produtos dermatologicos antes da introdug@o no
mercado explica parcialmente este sucesso. Na era
poOs-proibicao de testes em animais, muitas novas
abordagens para testes de irritacdo da pele e avaliagdo
de risco foram propostas in vitro, mas principalmente
em humanos (9,10). Varias substancias desafiadoras
foram progressivamente desenvolvidas para avaliar, em
humanos, a eficacia de formulacdes anti-inflamatérias
como o detergente anionico sulfato de sodio laurilico
(SLS), acido benzobico, acido sorbico, metilnicotinato
(MN). Algumas abordagens mecéanicas (friccdo,
graos abrasivos, fitas adesivas) também tém sido
propostas e utilizadas como irritantes (11,12). Nesse
contexto, ha uma quantidade notavel de informacdes
experimentais acumuladas em torno de SLS ¢ MN as
quais sao consideradas seguras ¢ capazes de produzir
uma “inflamag¢do” controlada, util para a avaliacdo da
seguranca e eficacia de produtos de uso topico (12-
15). Entretanto, os dados mostram que o SLS é um
forte irritante que causa deformagdo das proteinas da
membrana celular, especialmente quando aplicado sob
oclusdo (dilui¢des de 0,5% e superiores), provocando
uma intensa agressao a pele, clinicamente variavel e
duradoura com riscos e/ou desconforto associados.
(16-18). Por sua vez, o MN ¢ um derivado do acido
nicotinico cuja capacidade vasodilatadora parece ser
de origem multifatorial (19,20). O MN, assim como
o acido benzoico, acido sorbico e derivados do acido
nicotinico, ¢ capaz de provocar urticaria de contato

39



Sérgio Faloni de Andrade et al

(NICU), the most common form of immediate contact
reaction resulting in a rapid inflammatory response
without the requirement of previous sensitization.
Both challengers (SLS and MN) have also been long
questioned for reproducibility (11).Their mechanisms
of action and factors that condition individual reactions
have not been completely identified (20-23).

Nevertheless, these models have added an enormous
amount of valuable scientific knowledge for
physiological-pharmacological and  toxicological
research, even if still far from being complete. In the
present study, we try to look further into theaction
mechanisms of MN in human in vivo skin using
different non-invasive technologies.

Materials and Methods

Participants

Eight healthy individuals, both sexes (three men and
five women), ages between 20 and 59 years old (mean
41.37 £ 11.32 years old) were selected according to
previously defined inclusion/non-inclusion criteria,
namely (i) no visible cutaneous lesions and no past or
present record of dermatological disease or atopy, (ii)
no application of any cosmetics in the test area 48 hours
prior to the study at baseline, and (iii) absence of any
pharmacological treatment that might interfere with
measurements All procedures observed the principles
of good clinical practice of the Helsinki Declaration
and respective amendments (24) and included informed
written consent. The study was previously approved by
the institutional Ethical Committee.

Experimental

Two aqueous MN dilutions of 0.5% or 1.0% were
randomly applied (in the form of soaked 5 mm diameter
paper discs) in pre-defined areas (1cm?) of the anterior
aspect of the forearm with no occlusion. The dilutions
remained in contact with the skin for 1 minute before
removal. A similar empty area in the same forearm was
used as a negative control. Skin functional variables
were measured by non-invasive technologies at time
0 (control) and after MN contact at 30, 60, and 120
minutes.

40

nao imunologica (UCNI), que consiste na forma mais
comum de reac¢do de contato imediato, resultando em
uma resposta inflamatoéria rapida que nao requer uma
sensibilizagdo prévia. Ambos os testes também tém sido
questionados ha muito tempo por sua reprodutibilidade
(11), o que também significa que seus mecanismos de
acdo nao sdo completamente entendidos (20-23).

No entanto, estes modelos permitiram acrescentar
uma enorme quantidade de conhecimentos cientificos
valiosos para pesquisas fisioldgico-farmacologicas
e toxicologicas ainda longe de serem concluidas. No
presente estudo, tentamos aprofundar o conhecimento
dos mecanismos de agdo MN na pele humana in vivo,
utilizando diferentes tecnologias ndo-invasivas.

Materiais e Métodos

Participantes

Oito individuos saudaveis, de ambos os sexos (trés
homens e cinco mulheres), com idades entre 20 e 59
anos (média 41,37 + 11,32 anos) foram selecionados
de acordo com os critérios de inclusdo/ndo inclusdo
previamente definidos, nomeadamente: (i) sem lesdes
cutaneas visiveis ¢ nenhum registo passado ou presente
de doenga dermatoldgica ou atopia, (ii) nenhuma
aplicagdo de qualquer cosmético na area de teste
48 horas antes do inicio do estudo, e (iii) auséncia
de qualquer tratamento farmacoldgico que possa
interferir com as medigdes. Todos os procedimentos
seguiram os principios de boa pratica clinica da
Declaragdo de Helsinquia e respectivas emendas (24)
e incluiu um consentimento informado escrito. O
estudo foi previamente aprovado pelo Comité de Etica
Institucional.

Experimental

Duas solugdes aquosas de MN (0,5% ou 1,0%) foram
aplicadas aleatoriamente (imersao em um disco de papel
de 5 mm de didmetro) em areas pré-definidas (1cm?)
da face anterior de um dos antebragcos sem oclusdo. A
dilui¢do foi deixada em contato com a pele durante 1
minuto antes da remoc¢do. Uma area semelhante mas
sem aplicacdo de MN no mesmo antebraco foi usada
como controlo negativo. As varidveis funcionais da pele
foram medidas por tecnologias ndo invasivas no tempo
0 (controlo) e apds o contato com MN nos tempos 30,
60 e 120 minutos.



Analytical technologies for the evaluation of the effects
of exposure were:

* Polarized Spectroscopy using the Tissue Viability
Imaging system (TiVi 700, WheelsBridge
AB, Linkoping, Sweden), which quantifies the
concentration of red blood cells (CRBC - TiVi
index), expressed in arbitrary units, in a previously
selected region of interest (ROI);

* Laser Doppler Flowmetry (LDF, PeriFlux System
5000, Perimed AB, Jarfilla, Sweden), which
measures the perfusion expressed in arbitrary units
of perfusion (PUs);

e Transepidermal Water Loss Meter, a direct indicator
of “epidermal barrier” integrity, measured by
evaporimetry (Tewameter TM300, CK electronics,
Koln, Germany) and expressed as g/hour/m?.

* High-resolution sonography (HRS) (Dermascan C,
Cortex Technology, Hadsund, Denmark) providing
a bidimensional color image recorded at a velocity
of 1580 m/s, using a 20MHz probe placed on the
skin in a fixed standard position (25). The color
image was converted into a greyscale image for
further analysis and processed by software ImageJ®
(NIH, Bethesda, Maryland, USA).

Skin responses were also scored by direct observation
using the International Contact Dermatitis Group
Research (ICDRG) scale (26) adapted by Yulla et al.,
(3) (Table 1).

All measurements took place in a controlled humidity
and temperature environment (humidity ~50%,
temperature 21 + 2 °C) where participants were allowed
to acclimatize for a minimum of 30 minutes prior to
evaluations.

Methyl Nicotinate and human skin
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As tecnologias escolhidas foram

* Espectroscopia polarizada usando o sistema
de imagem de viabilidade tecidual (TiVi 700,
WheelsBridge AB, Linkoping, Suécia) que
quantifica a concentragdo de hemacias (CRBC -
indice TiVi), expressa em unidades arbitrarias, em
uma regido de interesse previamente selecionada
(ROI);

*  Fluxometria por laser Doppler (LDF, PeriFlux
System 5000, Perimed AB, Jarfdlla, Suécia), que
mede a perfusdo expressa em unidades arbitrarias
de perfusao (PU’s);

+  Medidor de Perda de Agua Transepidérmico,
um indicador direto da integridade da “barreira
epidérmica”, medido por evaporimetria (Tewameter
TM300, CK Electronics, Koln, Alemanha) e
expresso em g/hora/m?.

o Ultra-sonografia de alta resolu¢gdo (USAR)
(Dermascan C, Cortex Technology, Hadsund,
Dinamarca) que forneceu uma imagem colorida
bidimensional gravada a uma velocidade de 1580
m/s, usando uma sonda de 20 MHz colocada na
pele em uma posicdo padrio fixa (25). A imagem
colorida foi convertida em uma imagem em escala
de cinza para posterior analise e processamento
pelo software Image]® (NIH, Bethesda, Maryland,
EUA).

As respostas cutaneas também foram pontuadas por
observacao direta usando a escala International Contact
Dermatitis Group Research (ICDRG) (26) adaptada por
Yulla et al., (3) (Tabela 1).

Todas as medi¢cdes ocorreram em ambiente com
umidade e temperatura controladas (umidade ~ 50%,
temperatura 21 + 2 °C) onde os participantes puderam
se aclimatar por pelo menos 30 minutos antes das
avaliacdes.

Table 1 - ICDRG criteria for assessing skin sensitization potential provoked by different chemical agents

(adapted from Yulla et al., 2019)

Tabela 1 - Critérios do ICDRG para avaliar o potencial de sensibilizagdo da pele provocada por diferentes

agentes quimicos (adaptado de Yulla et al., 2019)

Criterion / Critério ICDRG Notation Score / Notacio de Score
No reaction / Nao reativo 0 0
Doubtful reaction / Reagdo duvidosa + 0.5
Erythema and edema / Eritema e edema +
Erythema, oedema, and vesicles / Eritema, edema, e vesiculas ++ 2
Severe reaction with blisters / Reacdo severa com bolhas +++
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Statistics

Data reported as mean =+ standard error of the mean
(SEM) were compared by the Wilcoxon signed-rank
test using GraphPadPrism 5® software (GraphPad
software, San Diego, CA, USA). A p value < 0.05 was
considered significant in all experiments.

Results and Discussion

The clinical evaluation with the ICDRG score scale
revealed that both MN dilutions significantly increased
the score after 30 minutes (1.5 = 0.19 and 1.37 £ 0.18
for 0.5% and 1.0%, respectively). The reaction was
visually much more intense at 30 minutes, decreasing
almost to the baseline after 60 and 120 minutes (Figure

1.

The TEWL increase suggests that MN disturbed the
epidermal skin barrier function (Figure 2) while high-
resolution sonography (HRS) revealed an increased
dermal hypoecogenicity which is suggestive of edema
formation (Figures 3 and 4). The skin barrier changes
were expected and have been previously reported
(27). However, the presence of edema, confirming

Estatistica

Os dados foram reportados como média =+ erro padrao
da média (SEM). A comparacdo foi feita pelo teste
ndo-paramétrico de Wilcoxon usando o software
GraphPadPrism5® (Software GraphPad, San Diego,
CA, EUA). Um valor de p < 0,05 foi considerado
significativo em todos os experimentos.

Resultados e Discussao

A avaliagdo com a escala de pontuacdo do ICDRG
revelou que ambas as diluigdes de MN aumentaram
significativamente a pontuagao apos 30 minutos (1,5 +
0,19¢1,37+0,18 para 0,5% e 1,0%, respec/tivamente).
Visualmente, a reagdo foi muito mais intensa em 30
minutos, diminuindo quase até a linha de base apds 60
¢ 120 minutos (Figura 1).

O aumento da PTEA sugere que o MN perturbou a
funcdo de barreira cutanea epidérmica (Figura 2),
enquanto a ultrassonografia de alta resolucdo (USAR)
revelou um aumento da hipoecogenicidade dérmica que
¢ sugestiva de formacdo de edema (Figuras 3 e 4). As
alteracdes da barreira cutdnea eram esperadas e ja foram
relatadas anteriormente (27). No entanto, a presenca
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Figure 1 - Effects of MN 0.5% and 1.0% on ICDRG score at the different times of measurement.
Statistical comparison was performed using Wilcoxon signed-rank test. **p < 0.01 when

compared to the control site.

Figura 1 - Efeitos de MN 0,5% e 1,0% no score ICDRG nos diferentes tempos de medicdo. A
comparacao estatistica foi realizada usando o teste ndo paramétrico de Wilcoxon. **p < 0,01

quando comparado ao controlo negativo.
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a cardinal sign of inflammation, as detected by HRS
images, have not been previously described under
the present experimental conditions. Consistent skin
microcirculatory changes were also detected by both
LDF and TIVI systems (Figures 5 and 6).

Skin irritation and inflammation are common
components of the dermatology glossary used to
describe responses to a wide variety of chemical,
physical, or biological stimuli. Often its significance
is not very clear, being conversely used in distinct
clinical processes. Skin barrier disruption, induction
of a cytokine cascade, and involvement of oxidative
stress are the main pathological alterations observed
after cutaneous aggression resulting in a visible or
subclinical inflammatory reaction (12,28). Additionally,
a strong interindividual variability response to irritants
is recognised, but when there is sufficient exposure and
high concentrations of the irritant, all individuals are
prone to develop this cutaneous reaction (12,28,29).

Our approach suggests that MN application evokes a
consistent change of all the skin, from the epidermal
barrier to the dermal plexus. This vasodilation is known,
described as painless, short-term, and reproducible when
evaluated in the same person using the same dose and
application site (30). However, the peak response for this
vasodilation and, all other parameters as well, occurred
at 30 minutes after MN application and, although not

Methyl Nicotinate and human skin
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de edema, confirmando um sinal cardinal principal
de inflamacao, detectado pelas imagens de HRS, ndo
foi descrita antes, nas condi¢des experimentais atuais.
Foram observadas também alteragdes consistentes da
microcirculagdo da pele detectadas pelos sistemas LDF
e TIVI (Figuras 5 e 6).

A irritagdo e a inflamacdo da pele sdo componentes
comuns do glossario dermatologico usado para
descrever as respostas a uma ampla variedade
de estimulos quimicos, fisicos ou bioldgicos.
Frequentemente, seu significado ndo ¢ tdo claro, sendo
usados inversamente em processos clinicos distintos.
Ruptura da barreira cutinea, inducdo de cascata de
citocinas e envolvimento do stresse oxidativo sdo
as principais alteracdes patoldgicas observadas apos
agressdo cutanea resultando em reagdo inflamatdria
visivel ou subclinica (12,28). Além disso, uma grande
variabilidade de resposta interindividual aos irritantes
¢ conhecida, mas quando ha exposigdo suficiente e
alta concentragdo do irritante, todos estdo propensos a
desenvolver essa reagdo cutanea (12,28,29).

Nossa abordagem sugere que a aplicacao de MN evoca
uma mudanca consistente de toda a pele, desde a barreira
epidérmica ao plexo dérmico. Essa vasodilatagdo ¢
conhecida, descrita como indolor, de curta duragido e
reproduzivel quando avaliada na mesma pessoa na
mesma dose e local de aplicagao (30). No entanto, o
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Figure 2 - Effects of MN 0.5% and 1.0% on Transepidermal water loss (TEWL) at the different
times of measurement. Statistical comparison was performed using Wilcoxon signed-rank test.*p

<0.05 when compared to the control site.

Figura 2 - Efeitos do MN 0,5% e 1,0% na perda transepidérmica de dgua (PTEA) nos diferentes
tempos de medicdo. A comparacao estatistica foi realizada usando o teste ndo-paramétrico de
Wilcoxon. *p <0,05 quando comparado ao controlo negativo.
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Figure 3 - Effects of MN 0.5% and 1.0% on skin hypoechogenicity at the different times of
measurement. Statistical comparison was performed using Wilcoxon signed-rank test. **p < 0.01
when compared to the control site.

Figura 3 - Efeitos do MN 0,5% e 1,0% na hipoecogenicidade da pele nos diferentes tempos de
medi¢do. A comparagdo estatistica foi realizada usando o ndo-paramétrico de Wilcoxon. **p <
0,01 quando comparado ao controlo negativo.

0.5 MN 1.0 MN Control

Figure 4 - [llustrative example of the impact of application of MN solution 0.5% and 1.0% on
the sonographic structure of one volunteers’ skin. Images obtained by HRS 30 minutes after the
application, shows an increase of the hypoechogenicity. EPI= epidermal layer; DERM= dermis.
Figura 4 - Exemplo ilustrativo do impacto da aplicacao de solugdo MN 0,5% e 1,0% na estrutura
ultrassonografica da pele de um voluntario. Imagens obtidas pelo USAR 30 minutos apds a
aplicacdo, mostram aumento da hipoecogenicidade. EPI = camada epidérmica; DERM = derme.
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Figure 5 - Effects of MN 0.5% and 1.0% on skin microcirculation at the different times of
measurement. Register was done with Laser Doppler Flowmetry (LDF). Statistical comparison
was performed using Wilcoxon signed-rank test. **p <0.01, *p <0.05 when compared to the
control site.

Figura 5 - Efeitos do MN 0,5% ¢ 1,0% na microcirculagdo da pele nos diferentes tempos de
medigdo. O registo foi feito com Fluxometria por Laser Doppler (LDF). A comparagao estatistica
foi realizada usando o teste ndo-paramétrico de Wilcoxon.**p <0,01, *p <0,05 quando comparado
ao controlo negativo.
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Figure 6 - Effects of MN 0.5% and 1.0% on skin microcirculation at the different times of
measurement. Register was done with Polarized Light (TIVI device) Statistical comparison was
performed using Wilcoxon signed-rank test. *p <0.05 when compared to the control site.

Figura 6 - Efeitos do MN 0,5% e 1,0% na microcirculagdo da pele nos diferentes tempos de
medicao. O registo foi feito com Espectroscopia polarizada usando o sistema de imagem de
viabilidade tecidual (dispositivo TIVI). A comparagdo estatistica foi realizada usando o teste nao-
paramétrico de Wilcoxon. *p <0,05 quando comparado ao controlo negativo.

45



Sérgio Faloni de Andrade et al

significant, we noticed a trend for the highest response
at the lowest concentration (MN 0.5% solution). These
results are inline with similar observations (31,32) but
the opposite has also been described (11). The presence
of a localised edema, only detected by the HRS,
suggests a short duration inflammatory process that
might be mediated by prostaglandins with neurogenic
components since histamine and nitric oxide might not
be involved in this process (15,31).

Conclusion

Our results contribute to a better understanding of the
impact of MN on human skin and its interest as an
experimental challenger. Even in low concentrations,
MN is capable of modifying the entire cutaneous
structure for a short period of time. This seems to be
particularly suitable for safety and efficacy studies
involving the anti-inflammatory activity. Nevertheless,
more studies are needed to better understand and control
MN mechanisms of action.

Authors Contributions Statement

LMR and SFA conceptual design; SFA and CR
experimental and data analysis; SFA and LMR drafted
and wrote the manuscript in its final version.

Acknowledgements

This research is funded by Fundagdo para a Ciéncia e
a Tecnologia (FCT) through grant UIDB/04567/2020
to CBIOS. Sérgio Faloni de Andrade is funded by
Foundation for Science and Technology (FCT) -
Scientific Employment Stimulus contract with the
reference number CEEC/CBIOS/PMHD/2018.

Conflict of Interests

Editors involved in this manuscripts’ authorship had
no participation in the review or decision process. All
authors have stated that there are no financial and/or
personal relationships that could represent a potential
conflict of interest.

46

pico de resposta para essa vasodilatacdo e, também, para
todos os outros parametros, ocorreu 30 minutos apos a
aplicacdo do MN e, embora nao significativa, notamos
uma tendéncia para a maior resposta na concentracao
mais baixa (solugdo MN 0,5%). Esses resultados estao
em linha com observagdes semelhantes (31,32), mas o
oposto também foi descrito (11). A presenga de edema
localizado, detectado apenas pelo USAR, sugere um
processo inflamatério de curta duragdo que pode
ser mediado por prostaglandinas com componentes
neurogénicos, uma vez que a histamina e o 6xido nitrico
parecem nao estar envolvidos neste processo (15,31).

Conclusao

Nossos resultados contribuem para entender melhor
o impacto do MN na pele humana e seu interesse
como um desafiante experimental. Mesmo em
pequenas concentragdes, 0 MN ¢ capaz de modificar
toda a estrutura cutdnea por um curto periodo de
tempo. Isso parece ser particularmente adequado
para estudos de seguranca e eficicia envolvendo a
atividade antiinflamatéria. No entanto, mais estudos
sdo necessarios para melhor compreender e controlar
os mecanismos de acdo do MN.

Declaracio de contribuicées dos autores

LMR e SFA planejaram os experimentos; SFA e CR
fizeram a coleta e analise dos dados; SFA e LMR
redigiram e escreveram O manuscrito em sua versao
final.

Agradecimentos

Esta investigagcdo ¢ financiada pela Fundacdo para a
Ciéncia e a Tecnologia (FCT) através da bolsa UIDB
/ 04567/2020 do CBIOS. Sérgio Faloni de Andrade ¢
financiado pela Fundagdo para a Ciéncia e Tecnologia
(FCT) - Contrato de Estimulo ao Emprego Cientifico
com o numero de referéncia CEEC / CBIOS / PMHD
/2018.

Conflito de interesses

Os editores envolvidos na autoria deste manuscrito
ndo participaram do processo de revisdo ou decisdo.
Todos os autores afirmam que ndo existem relagdes
financeiras e/ou pessoais que possam representar um
potencial conflito de interesses.



Methyl Nicotinate and human skin
Metilnicotinato e pele humana

References / Referéncias

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

31.

Kanitakis, J. (2002). Anatomy, histology and immunohistochemistry of normal human skin. European Journal of Dermatology, 12(4), 390-
401.

Hinel, K., Cornelissen, C., Liischer, B., & Baron, J. (2013). Cytokines and the Skin Barrier. International Journal of Molecular Sciences,
14(4), 6720-6745. doi: 10.3390/ijms 14046720

Vidal Yucha, S., Tamamoto, K., & Kaplan, D. (2019). The importance of the neuro-immuno-cutaneous system on human skin equivalent
design. Cell Proliferation, 52(6), €12677. doi: 10.1111/cpr.12677

Scrivo, R., Vasile, M., Bartosiewicz, 1., & Valesini, G. (2011). Inflammation as “common soil” of the multifactorial diseases. Autoimmunity
Reviews, 10(7), 369-374. doi: 10.1016/j.autrev.2010.12.006

Medzhitov, R. (2008). Origin and physiological roles of inflammation. Nature, 454(7203), 428-435. doi: 10.1038/nature07201

de Almeida Roediger, M., de Fatima Nunes Marucci, M., Duim, E., Santos, J., de Oliveira Duarte, Y., & de Oliveira, C. (2019). Inflammation
and quality of life in later life: findings from the health, well-being and aging study (SABE). Health And Quality Of Life Outcomes,
17(1),26. doi: 10.1186/s12955-019-1092-2

Milam, E., & Rieder, E. (2021). An Approach to Cosmeceuticals. Essential Psychiatry For The Aesthetic Practitioner, 42-48.

Tetali, B., Fahs, F., & Mehregan, D. (2019). Popular over-the-counter cosmeceutical ingredients and their clinical efficacy. International
Journal Of Dermatology, 59(4), 393-405. doi: 10.1111/ijd.14718

Hoffmann, S., Kleinstreuer, N., Alépée, N., Allen, D., Api, A., & Ashikaga, T. et al. (2018). Non-animal methods to predict skin sensitization
(I): the Cosmetics Europe database. Critical Reviews In Toxicology, 48(5), 344-358. doi: 10.1080/10408444.2018.1429385

Robinson, M., Cohen, C., de Fraissinette, A., Ponec, M., Whittle, E., & Fentem, J. (2002). Non-animal testing strategies for assessment of
the skin corrosion and skin irritation potential of ingredients and finished products. Food And Chemical Toxicology, 40(5), 573-592. doi:
10.1016/s0278-6915(02)00005-4

Jumbelic, L., Liebel, F., & Southall, M. (2006). Establishing a Minimal Erythema Concentration of Methyl Nicotinate for Optimum
Evaluation of Anti-Inflammatories. Skin Pharmacology And Physiology, 19(3), 147-152. doi: 10.1159/000092595

Fluhr, J., Akengin, A., Bornkessel, A., Fuchs, S., Praessler, J., & Norgauer, J. et al. (2005). Additive impairment of the barrier function by
mechanical irritation, occlusion and sodium lauryl sulphate in vivo. British Journal Of Dermatology, 153(1), 125-131. doi: 10.1111/j.1365-
2133.2005.06430.x

Tupker, R., Willis, C., Berardksca, E., Lee, C., Fartasch, M., Atinrat, T., & Serup, J. (1997). Guidelines on sodium lauryl sulfate (SLS)
exposure tests. Contact Dermatitis, 37(2), 53-69. doi: 10.1111/5.1600-0536.1997.tb00041.x

Tadi¢, V., Arsié, 1., Zvezdanovié, J., Zugi¢, A., Cvetkovi¢, D., & Pavkov, S. (2017). The estimation of the traditionally used yarrow (
Achillea millefolium L. Asteraceae) oil extracts with anti-inflamatory potential in topical application. Journal Of Ethnopharmacology, 199,
138-148. doi: 10.1016/.jep.2017.02.002

Elawa, S., Mirdell, R., Farnebo, S., & Tesselaar, E. (2019). Skin blood flow response to topically applied methyl nicotinate: Possible
mechanisms. Skin Research And Technology, 26(3), 343-348. doi: 10.1111/srt.12807

Lee, C., Kim, H., Han, H., & Park, C. (2004). A Comparison Study of Nonanoic Acid and Sodium Lauryl Sulfate in Skin Irritation.
Exogenous Dermatology, 3(1), 19-25. doi:10.1159/000084139

Gabard, B., Chatelain, E., Bieli, E., & Haas, S. (2001). Surfactant irritation: in vitro corneosurfametry and in vivo bioengineering. Skin
Research And Technology, 7(1), 49-55. doi: 10.1034/j.1600-0846.2001.007001049.x

Pinto, PC., Martinho, H., & Rodrigues L.M. (2007) Studying the influence of the phototype over human skin’s response to Sodium Lauril
Sulfate contact in vivo, Revista Saude & Tecnologia, (4)1, 47-56.

Morrow, J., Parsons, W., & Roberts, L. (1989). Release of markedly increased quantities of prostaglandin D2 in humans following the
administration of nicotinic acid. Prostaglandins, 38(2), 263-274. doi: 10.1016/0090-6980(89)90088-9

Guy, R., & Maibach, H. (1982). Rapid radial transport of methyl nicotinate in the dermis. Archives Of Dermatological Research, 273(1-2),
91-95. doi: 10.1007/BF0050903 1

Guy, R., Tur, E., Bjerke, S., & Maibach, H. (1985). Are there age and racial differences to methyl nicotinate—induced vasodilatation in
human skin? Journal Of The American Academy Of Dermatology, 12(6), 1001-1006. doi: 10.1016/s0190-9622(85)70128-4
Leoty-Okombi, S., Gillaizeau, F., Leuillet, S., Douillard, B., Le Fresne-Languille, S., & Carton, T. et al. (2021). Effect of Sodium Lauryl
Sulfate (SLS) Applied as a Patch on Human Skin Physiology and Its Microbiota. Cosmetics, 8(1), 6. doi: 10.3390/cosmetics8010006

De Jongh, C., Verberk, M., Withagen, C., Jacobs, J., Rustemeyer, T., & Kezic, S. (2006). Stratum corneum cytokines and skin irritation
response to sodium lauryl sulfate. Contact Dermatitis, 54(6), 325-333. doi: 10.1111/j.0105-1873.2006.00848.x.

World Medical Association Declaration of Helsinki. (2013). JAMA, 310(20), 2191. doi: 10.1001/jama.2013.281053

Seidenari, S., Nakijo, A., Pepe, P., & Giannetti, A. (1991). Ultrasound B scanning with image analysis for assessment of allergic patch test
reactions. Contact Dermatitis, 24(3), 216-222. doi: 10.1111/j.1600-0536.1991.tb01701.x

Marzulli, F., & Maibach, H. (1976). Contact allergy: Predictive testing in man. Contact Dermatitis, 2(1), 1-17. doi: 10.1111/.1600-
0536.1976.tb02972.x

Ratz-lyko, A., Arct, J., & Pytkowska, K. (2016). Moisturizing and antiinflammatory properties of cosmetic formulations containing
Centella asiatica extract. Indian Journal Of Pharmaceutical Sciences, 78(1), 27. doi: 10.4103/0250-474x.180247

Fluhr, J., Darlenski, R., Angelova-Fischer, 1., Tsankov, N., & Basketter, D. (2008). Skin Irritation and Sensitization: Mechanisms and New
Approaches for Risk Assessment. Skin Pharmacology And Physiology, 21(3), 124-135. doi: 10.1159/000135635

Sasseville, D. (2008). Occupational Contact Dermatitis. Allergy, Asthma, And Clinical Immunology, 4(2), 59-65. doi: 10.1186/1710-1492-
4-2-59

Poelman, M., Piot, B., Guyon, F., Deroni, M., & Leveque, J. (1989). Assessment of topical non-steroidal anti-inflammatory drugs. Journal
Of Pharmacy And Pharmacology, 41(10), 720-722. doi: 10.1111/5.2042-7158.1989.tb06350.x

Vertuani, S., Ziosi, P., Solaroli, N., Buzzoni, V., Carli, M., & Lucchi, E. et al. (2003). Determination of antioxidant efficacy of cosmetic
formulations by non-invasive measurements. Skin Research And Technology, 9(3), 245-253. doi: 10.1034/j.1600-0846.2003.00018.x

47



D
Biopharmaceutical

Research doi: 10.19277/bbr.18.1.253
e g A e sutica

¢ Systemic treatment of HER2-positive breast cancer patients with brain metastases:

) current status and exploratory case study in a Portuguese cohort

Tratamento sistémico do carcinoma de mama HER?2 positivo com metastases cerebrais: estado atual
e estudo exploratorio de casos numa coorte portuguesa

Paulo Luz 27, Elsa Campoa!, Rita Gameiro 3, Marta Vaz *, Isabel Fernandes *, Joana Magalhaes ', Beatriz
Gosalbez !, Sofia Braga ¢, Jodo Guilherme Costa %, Ana Sofia Fernandes?

!Centro Hospitalar Universitario do Algarve, Medical Oncology;
2CBIOS — Universidade Lus6fona’s Research Center for Biosciences & Health Technologies, Lisboa, Portugal
3Centro Hospitalar Barreiro-Montijo, Medical Oncology
“Hospital Fernando Fonseca EPE, Medical Oncology

*corresponding author: p_luz@msn.com

Abstract

Over the last years, the incidence of brain metastases in HER2 breast cancer patients has increased. Surgery and
radiotherapy are the current standard local therapies. Nevertheless, it is unclear which and when systemic treatment
should be applied in addition to local treatment. This work aims to present an updated review of current systemic
treatment options for patients with HER2+ metastatic breast cancer with brain metastases and to present a case study
of clinical cases that occurred in a Portuguese population. The methodology of this work included a literature search
in PubMed for the impact of HER2-targeting agents, such as pertuzumab, trastuzumab emtansine (T-DM1), lapatinib,
neratinib, trastuzumab deruxtecan, and tucatinib in the treatment of patients with HER2+ breast cancer with brain
metastases. Then, a cohort of Portuguese patients with HER2+ breast cancer (n=44) was analyzed. In this exploratory
study, considering a follow-up of 23.9 months, three patients (6.8%) developed brain metastases despite having shown
a complete pathological response. The role of systemic treatment for patients with HER2 breast cancer with brain
metastases has rapidly evolved following recent successes in phase II and III clinical trials. The biggest challenge is how
to integrate systemic and local treatment in the management of these patients.

Keywords: Brain metastases, breast cancer, HER2, trastuzumab deruxtecan, tucatinib

Resumo

Nos ultimos anos, a incidéncia de metastases cerebrais em doentes com cancro da mama HER2 tem aumentado. A cirurgia
e aradioterapia continuam a ser os tratamentos preferenciais. No entanto, ndo ¢ claro que tratamento sistémico, para além
do tratamento local, deve ser aplicado € quando. Este trabalho visa apresentar uma revisao das atuais opgdes de tratamento
sistémico nos doentes com cancro da mama metastatico HER2+ com metastases cerebrais e apresentar casos clinicos
ocorridos numa amostra da populagdo portuguesa. A metodologia deste trabalho incluiu uma pesquisa bibliografica no
PubMed sobre o impacto de agentes anti-HER2, tais como pertuzumab, trastuzumab-emtansina (T-DM1), lapatinib,
neratinib, trastuzumab-deruxtecan, e tucatinib no tratamento de doentes com cancro da mama HER2+ com metastases
cerebrais. Seguidamente, foi também analisada uma coorte de doentes portugueses com cancro da mama HER2+ (n=44).
Neste estudo exploratorio, considerando um seguimento médio de 23,9 meses, trés pacientes (6,8%) desenvolveram
metastases cerebrais, apesar de terem apresentado resposta patologica completa. O papel do tratamento sistémico em
doentes com cancro da mama HER2 com metastases cerebrais evoluiu rapidamente, apos os recentes sucessos em ensaios
clinicos de fase II e I1I. O maior desafio € o de integrar o tratamento sistémico e local na gestao destes doentes.

Palavras-chave: metastases cerebrais, cancro da mama, HER2, trastuzumab deruxtecan, tucatinib

Received /Recebido: 15/11/2020
Accepted / Aceite: 19/03/2021
Electronic Edition: www.alies.pt

48



Introduction

Up to 15% of all patients with metastatic breast cancer
(BC) will develop brain metastases during the course
of their disease. The molecular subtypes with a higher
risk of developing brain metastases are triple-negative
breast cancer and HER2+ tumors (1). The incidence
of brain metastases has been rising over the last years,
commonly attributed to the excellent systemic control
that increases the overall survival (OS) of BC patients.
According to several studies, the presence of brain
metastases in HER2+ BC occurs in about 10-14%
after diagnosis of ecarly-stage disease and 28-41% in
metastatic settings (1, 2).

In terms of survival, a retrospective study carried out
at Institut Jules Bordet, Belgium, with 483 patients,
72 of which had brain metastasis, revealed an overall
survival (OS) of 20.8 months, compared with 46.7
months of OS in the group of patients with metastatic
disease without disease in the brain (1). Over the years,
therapeutic developments, namely anti-HER?2 therapies,
have changed the paradigm associated with this tumor
subtype and its OS. With these developments, there was
an increase in OS from 2-16 months to 14-24 months

3).

For treating brain metastasis, surgical intervention is
preferable whenever possible, namely in single lesions
with small size and easy surgical access (3), although
radiotherapy is also an option. In randomized trials
that included patients with lung and breast cancer, the
median survival in patients treated with whole-brain
radiotherapy (WBRT) ranges from four to six months,
at the cost of some relevant toxicity, namely cognitive
impairment (4-6). The development of stereotactic
techniques has also significantly improved the quality of
life of these patients, associated with less neurological
toxicity (1-3). With the advent of multiple therapies,
the paradigm has changed. New systemic approaches
have been shown to increase patient survival and the
maintenance of functionality in daily activities (1,3).

This article aims to review the different systemic
therapies currently available for the treatment of HER2+
BC patients with brain metastases (BM). Moreover,
a cohort of Portuguese patients with HER2+ breast
cancer was analyzed and a case study of the patients
that developed BM is presented.

HER2 breast cancer brain metastases
Cancro de mama HER2 com metastases cerebrais

Introducao

Até 15% de todas as doentes com cancro da mama
(CM) metastasico, desenvolverdo metastases cerebrais
durante o curso da doenga. Os subtipos moleculares
com maior risco de desenvolver metastases cerebrais
sdo o CM triplo-negativo e os tumores HER2+ (1). A
incidéncia de metastases cerebrais tem vindo a crescer
nos ultimos anos, em parte devido ao excelente controlo
sistémico que aumenta a sobrevivéncia global (SG)
deste doentes. De acordo com varios estudos, o cancro
de mama HER2+ representa 20 a 25% de todos os
subtipos sendo que a presenga de metastases cerebrais
ocorre em cerca de 10-14% apo6s o diagndstico em
estadio precoce, ¢ 28-41% em contexto metastatico

(1,2).

Em termos de sobrevivéncia, um estudo retrospetivo
realizado no Institut Jules Bordet, na Bélgica, com
483 pacientes, 72 dos quais com metastases cerebrais,
mostrou uma SG de 20,8 meses, em comparagdo
com 46,7 meses no grupo de pacientes com doenca
metastatica sem doencga a nivel cerebral (1). Ao longo
dos anos, o desenvolvimento de novas terapéuticas,
nomeadamente moléculas anti-HER2, alteraram o
paradigma associado a este subtipo e a sua SG. Com
estes avancos, houve um aumento da SG de 2-16 meses
para 14-24 meses (3).

Para o tratamento das metastases cerebrais, sempre
que possivel, ¢ preferivel a intervencdo cirurgica,
nomeadamente em lesdes tinicas com tamanho reduzido
e facil acesso cirtirgico (3), embora a radioterapia
seja também uma op¢do. Em ensaios randomizados
que incluiram doentes com cancro do pulmio e da
mama, a sobrevivéncia média em doentes tratadas
com radioterapia holocraneana variou entre quatro e
seis meses, ao custo de toxicidade importante como
a deterioragdo cognitiva (4,5,6). O desenvolvimento
de técnicas estereotaxicas também melhorou
significativamente a qualidade de vida destas pacientes,
associada a uma menor toxicidade neurolégica (1,2,3)
Com o aparecimento de multiplas terapias, o paradigma
mudou e novas abordagens sistémicas mostraram
aumentar a sobrevivéncia das pacientes e preservar a
qualidade de vida (1,3).

Este artigo visa rever as diferentes opgoes terapéuticas
para o tratamento de doentes com CM HER2+ com
metastases cerebrais. Além disso, é analisada uma
coorte de doentes portuguesas com cancro de mama
HER2+, e apresentado um estudo clinico com as
doentes que desenvolveram metastases cerebrais.
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Materials and Methods

Literature review

A literature search in the PubMed database, using
the keywords “HER2 breast cancer” and “brain
metastases” was conducted. Articles published in
English between January 2006 and June 2020 were
selected. In this narrative review, original articles were
selected based on their clinical and scientific relevance.
The objective was to describe the impact of the HER2-
targeting agents pertuzumab, trastuzumab emtansine
(T-DM1), lapatinib, neratinib, trastuzumab deruxtecan
and, tucatinib on the treatment of patients with HER2+
breast cancer and BM.

Observational study

Patients with HER2+ BC who were diagnosed and
treated at Centro Hospital Universitario do Algarve and
Centro Hospitalar Barreiro-Montijo between January
2018 and December 2019, were included in this study.
Additional inclusion criteria were patients with HER2+
breast carcinoma, submitted to neoadjuvant therapy
with double anti-HER2 block with trastuzumab and
pertuzumab, followed by surgery. We excluded patients
with stage IV disease at diagnosis and patients who
progressed during neoadjuvant therapy.

The following parameters were analyzed by reviewing
the electronic medical records of the patients and
according to oncology and pathology services protocols:
initial stage, lymph nodes status, expression of hormone
receptors, Ki-67, type of surgery, type of adjuvant
therapy, distant recurrence, and pathological response.
The cases where brain metastases were detected
during this preliminary follow-up were characterized.
Descriptive statistics were used whenever appropriate.

Results and Discussion

According to our literature research, the following
HER2-targeting agents may be used in the treatment
of patients with HER2+ breast cancer and brain
metastases: pertuzumab, trastuzumab emtansine (T-
DM1), lapatinib, neratinib, trastuzumab deruxtecan
and, tucatinib. In the following sub-sections, the clinical
use of these drugs for this purpose is reviewed.
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Material e Métodos

Revisdo de literatura

Foi realizada uma pesquisa bibliografica na base de
dados PubMed usando as palavras-chave “HER2 breast
cancer” e “brain metastases”. Foram seleccionados
artigos publicados em inglés entre Janeiro 2006 e Junho
2020. Nesta revisdo narrativa, foram selecionados
artigos originais com base na sua relevancia clinica
e cientifica. O objetivo foi descrever o impacto dos
varios agentes anti HER2, pertuzumab, trastuzumab-
emtansina (T-DM1), lapatinib, neratinib, trastuzumab
deruxtecan e tucatinib, no tratamento de doentes com
cancro da mama HER2+ e metastases cerebrais.

Estudo observacional

Analisamos doentes com CM HER2+, diagnosticadas e
tratadas no Centro Hospitalar Universitario do Algarve
e Centro Hospitalar Barreiro-Montijo, entre Janeiro
2018 e Dezembro 2019. Foram incluidas doentes com
CM HER2+, submetidas a tratamento neoadjuvante
com duplo bloqueio anti-HER2 com trastuzumab e
pertuzumab, seguida de cirurgia. Foram excluidas
doentes com CM HER2+ estadio IV ao diagnostico ou
que progrediram durante o tratamento neoadjuvante.

Foram analisados os seguintes parametros, através
da consulta aos processos clinicos electronicos e de
acordo com os protocolos dos servigos de oncologia
e anatomia patologica: estadio inicial, expressdo dos
recetores hormonais, Ki-67, tipo de cirurgia, tratamento
adjuvante, recidiva a distancia e resposta patologica.
Foram caracterizados os casos em que foram detetadas
metastases cerebrais durante o seguimento.

Resultados e Discussao

De acordo com a nossa pesquisa na literatura, os
seguintes agentes anti-HER2 podem ser usados no
tratamento de doentes com CM HER2+ e metastases
cerebrais: pertuzumab, trastuzumab emtansina (T-
DM1), lapatinib, neratinib, trastuzumab deruxtecan e
tucatinib. Nas subsegoes a seguir, € revista a evidéncia
cientifica sobre a utilizagdo destes farmacos neste
contexto.



Monoclonal antibodies

Pertuzumab

Pertuzumab is a monoclonal antibody that prevents
heterodimerization of the HER2 receptor with other
receptors in the EGFR family (8). The study that led
to its approval in first-line treatment for patients with
metastatic HER2+ BC (CLEOPATRA) excluded
patients with brain metastases. However, in the follow-
up of these patients, it was found that therapy with
trastuzumab, pertuzumab, and docetaxel did not reduce
the incidence of brain metastasis but delayed its onset
(11.9 months in the placebo group versus (vs.) 15
months in the pertuzumab-treated group, HR = 0.58,
95% CI 0.39-0.85, p =0.0049) (7). Final results of the
CLEOPATRA study showed 8-year overall survival
rates of 37% (95% CI 31-42) in the pertuzumab group
and 23% (95% CI 19-28) in the placebo group (8).

In a real-life study, known as RePER, on the use of
double anti-HER2 blockade first-line treatment, 21 of
the 264 patients presented brain metastases at baseline.
The rate of 2-year OS was 77.7% in those patients and
83.9% in patients without brain metastases (9).

Antibody-drug conjugates
Trastuzumab-emtansine

Trastuzumab-emtansine (T-DM1) is a conjugated
monoclonal antibody bound with tubulin inhibitor
maytansine (10). The EMILIA trial evaluated the
efficacy of T-DM1 vs. lapatinib and capecitabine. This
study included 95 patients with brain metastasis. In this
subset of patients, T-DM1 has shown an increase in
OS (hazard ratio 0.38, p = 0.008, mean 26.8 vs. 12.9
months) (10). However, this data should be interpreted
with caution since no increase in progression-free
survival (PFS) was observed and, therefore, this
difference in OS may be related to subsequent therapies
and extracranial disease control (10).

In the KAMILLA study, the largest observational study
of T-DM I -treated patients to date, patients with brain
metastasis (n = 398) showed similar results to those
without metastasis to this organ (PFS of about 7 months
and OS of 27 months) (11). It is necessary to consider
that this study excluded patients with neurological
symptoms caused by brain metastases or with brain-
limited metastasis. Special consideration needs to be
given to the risk for radionecrosis associated with this
agent (12).
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Anticorpos monoclonais

Pertuzumab

Pertuzumab ¢ um anticorpo monoclonal que impede
a heterodimerizacdo do recetor HER2 com outros
recetores da familia EGFR (8). O estudo que levou a
sua aprovacdao no tratamento em primeira linha nos
doentes com CM HER2+ metastatico (CLEOPATRA)
excluiu doentes com metastases cerebrais. No entanto,
no seguimento destas pacientes, verificou-se que o
tratamento com trastuzumab, pertuzumab e docetaxel
ndo reduziu a incidéncia de metastases cerebrais, mas
atrasou o seu aparecimento (11,9 meses no brago placebo
versus 15 meses no brago tratado com pertuzumab, RP
=0,58,95% IC 0,39-0,85, p =0,0049) (7). Os resultados
finais do estudo CLEOPATRA mostraram taxas de SG
aos 8 anos de 37% (95% IC 31-42) no grupo pertuzumab
e de 23% (95% IC 19-28) no grupo placebo (8).

No RePER, um estudo de vida real sobre o uso do
duplo bloqueio anti-HER2 em primeira linha, 21 das
264 pacientes apresentavam metastases cerebrais ao
diagnostico. A taxa de SG aos 2 anos foi de 77,7%
nestas pacientes e 83,9% em pacientes sem metéstases

cerebrais (9).

Anticorpos monoclonais conjugados

Trastuzumab-emtansina

Trastuzumab-emtansina (T-DM1) é um anticorpo
monoclonal conjugado com um inibidor da tubulina
(10). O estudo EMILIA avaliou a eficacia do T-DM1
vs. lapatinib e capecitabina. Este estudo incluiu 95
pacientes com metastases cerebrais. Neste subgrupo de
pacientes, o0 T-DM1 mostrou aumentar a SG (RR 0,38,
p = 0,008, média 26,8 vs. 12,9 meses) (10). No entanto,
estes dados devem ser interpretados com cautela, uma
vez que ndo se verificou aumento na sobrevivéncia
livre de progressao (SLP) e, portanto, a diferenga na SG
pode estar relacionada com terapéuticas subsequentes e
controlo da doenga extracraniana.

No estudo KAMILLA, o maior estudo observacional
de pacientes tratadas com T-DMI1 até ao momento,
doentes com metastases cerebrais (n = 398) mostraram
resultados semelhantes aqueles sem metastase neste
orgdo (SLP de cerca de 7 meses e SG de 27 meses)
(11). E necessario ter em conta que este estudo
excluiu doentes com sintomas neurologicos. Deve ser
especialmente considerado o risco de radionecrose
associado a este agente (12).
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Trastuzumab deruxtecan

Trastuzumab deruxtecan is an antibody-drug conjugate
composed of an anti-HER2 antibody, a cleavable
tetrapeptide-based linker, and a cytotoxic topoisomerase
I inhibitor (13).

The phase 11 DESTINY-Breast01 study (13) examined
the efficacy of trastuzumab deruxtecan in patients
with previously treated HER2+ BC who had received
previous treatment with T-DM1. Data showed that
in 184 patients who had undergone a median of six
previous lines of treatment, the confirmed objective
response rate (ORR) with trastuzumab deruxtecan was
60.3% and the median duration of response (DOR) was
14.8 months. The median PFS was 16.4 months (95%
CI, 12.7 to not reached) among all patients and 18.1
months (95% CI, 6.7 to 18.1) among the 24 enrolled
patients with treated and asymptomatic brain disease.
Estimated OS at 6 months was 93.9% (95% CI, 89.3
to 96.6) and 86.2% (95% CI, 79.8 to 90.7) at 12
months; median OS was not reached at the time of the
publication. The most frequent grade 3 or 4 side effects
were neutropenia (20.7%), anaemia (8.7%), and nausea
(7.6%). Adverse events that led to discontinuation
included pneumonitis (in 11 patients) and interstitial
lung disease (in 5 patients) (13).

Small molecule tyrosine kinase inhibitors
Lapatinib

Lapatinib is a reversible tyrosine kinase inhibitor of
the EGFR (HER1) and HER2 receptors (14). In the
LANDSCAPE clinical trial, Bachelot et al. investigated
the role of the combination of lapatinib with capecitabine
in 45 patients without previous WBRT treatment. The
results showed a partial response to the lesions in 65.9%
of cases and achieved an improvement of neurological
symptoms in 58% of cases. The average time until
progression to the brain was 5.5 months (14).

Lapatinib was also tested in combination with
trastuzumab. Lin et al. (15) reported an objective brain
response rate of 79% and a median OS of 19 months
in a prospective study with 28 patients. Furthermore,
Bartsch et al. (16) showed a significant prolongation of
OS in the group treated with lapatinib and trastuzumab
(p =0.002) in a retrospective study (25 patients).

The role of lapatinib to prevent brain metastases was
tested in the CEREBEL trial, where patients were
randomly assigned to receive lapatinib-capecitabine or
trastuzumab-capecitabine (17). Brain metastases as the
first site of relapse occurred in 3% (8 of 251 patients)
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Trastuzumab deruxtecan

Trastuzumab deruxtecan ¢ um anticorpo monoclonal
conjugado, constituido por um anticorpo anti-HER2,
um ligando clivavel tetrapeptidico e um citotoxico
inibidor da topoisomerase I (13).

O estudo de fase Il DESTINY-Breast01 (13) examinou
a eficacia do trastuzumab deruxtecan em doentes com
CM HER2 + previamente tratadas com T-DMI1. Os
dados mostraram que em 184 pacientes submetidas
a uma média de seis linhas de tratamento, a taxa de
resposta objetiva (TRO) foi de 60,3%, e a duracdo
meédia da resposta foi de 14,8 meses. A SLP média
foi de 16,4 meses (IC de 95%, 12,7 a ndo alcancado)
entre todos doentes e 18,1 meses (IC de 95%, 6,7 a
18,1) entre as 24 doentes com metastases cerebrais
jé previamente tratadas e assintomaticas. A SG aos 6
meses foi de 93,9% (IC de 95%, 89,3 a 96,6) e 86,2%
(IC de 95%, 79,8 a 90,7) aos 12 meses; A SG média
ndo foi alcangada até ao momento da publicagdo. Os
efeitos secundarios grau 3 ou 4 mais frequentes foram
neutropenia (20,7%), anemia (8,7%) e nausea (7,6%).
Os efeitos adversos que levaram a descontinuagio
incluiram pneumonite (em 11 pacientes) e doenca
pulmonar intersticial (em 5 pacientes) (13).

Pequenas moléculas inibidoras da tirosina cinase
Lapatinib

Lapatinib ¢ um inibidor reversivel da tirosina cinase
dos recetores EGFR (HER1) e HER2.14 No ensaio
clinico LANDSCAPE, Bachelot et al. investigaram o
papel da combinacdo de lapatinib com capecitabina em
45 pacientes sem tratamento prévio com radioterapia
holocraneana. Os resultados mostraram resposta parcial
em 65,9% dos casos € em 58% houve melhoria dos
sintomas neurologicos. O tempo médio até a progressao
anivel do cérebro foi de 5,5 meses (14).

Lapatinib também foi testado em combinagdo com
trastuzumab. Lin et al. (15) relataram uma taxa de
resposta objetiva a nivel cerebral de 79% e uma média
do SG de 19 meses num estudo prospetivo com 28
pacientes. Além disso, Bartsch et al. (16) mostraram
um prolongamento significativo da SG no grupo tratado
com lapatinib e trastuzumab (p = 0,002) num estudo
retrospetivo (25 doentes).

O papel do lapatinib para prevenir metastases a nivel
cerebral foi testado no estudo CEREBEL, no qual as
pacientes foram aleatoriamente tratadas com lapatinib-
capecitabina ou trastuzumab-capecitabina  (17).



of the patients treated with lapatinib and 5% (12 of 250
patients) in the trastuzumab group (95% CI, -2% to 5%;
p=0.360). The trial was inconclusive for the primary
endpoint.

Neratinib

Neratinib is an HER2 receptor tyrosine kinase inhibitor.
It irreversibly inhibits the EGFR receptor (HER1),
HER?2 and HER4 and demonstrated activity in the brain
in two clinical trials (18,19).

In the TBCRC 022 study, a phase 2 trial, 49 HER2+
BC patients with brain metastases were treated with
neratinib and capecitabine. Twelve of the patients had
previously been treated with lapatinib (18). The ORR
was 33% and 49% in lapatinib-treated and lapatinib-
naive patients, respectively. PFS in pre-treated and
lapatinib-naive patients was 3.1 and 5.5 months,
respectively, and OS was 15.1 and 13.3 months (18).

The NEfERT-T phase 3 trial (20) randomized 479
women to receive neratinib or trastuzumab combined
with paclitaxel as first-line therapy for recurrent or
metastatic HER2 disease (3). There was no significant
difference in PFS, however, the neratinib group did have
a lower incidence of brain recurrence (RR 0.48, 95%
CI, 0.29-0.79; p = 0.002), as well as a longer time to
recurrence at this level (HR 0.45, 95% CI, 0.26-0.78; p
=0.004). Grade 3 diarrhea was also a very common and
relevant toxicity effect in the neratinib group (30.4%
vs. 3.8%).

In the NALA study, (19) a phase III clinical trial, 621
patients (including 101 patients with asymptomatic
or stable brain metastases) were randomized into two
groups. One group was treated with neratinib and
capecitabine and the other group with lapatinib and
capecitabine. The risk of progression or death was
reduced by 24% with neratinib and capecitabine (HR
= 0.76; 95% CI 0.63-0.93; p = 0.006). The PFS at 6
and 12 months was 47.2% vs 37.8% and 28.8% vs
14.8% for the neratinib + capecitabine and lapatinib
+ capecitabine groups, respectively. OS was also
superior in the neratinib + capecitabine group, although
not statistically significant (HR = 0.88; 95% CI 0.72—
1.07; p = 0.2086). The incidence of intervention on
symptomatic brain metastases was lower in the neratinib
group (23%) compared to the lapatinib group (29%) (p
=0.043). Again, diarrhea was the most frequent toxicity
effect related to neratinib in all clinical trials, being
grade 3 in about 30% of the patients.
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Metastases cerebrais como primeiro local de recidiva
ocorreram em 3% (8 de 251) das doentes tratadas
com lapatinib e 5% (12 de 250 doentes) no braco de
trastuzumab (IC de 95%, -2% a 5%; p = 0,360). O
ensaio foi inconclusivo para o objetivo principal.

Neratinib

Neratinib ¢ um inibidor da tirosina cinase do recetor
HER2, que inibe irreversivelmente o recetor EGFR
(HERT1), HER2 ¢ HER4 e demonstrou atividade ao

nivel cerebral em dois ensaios clinicos (18,19)

No estudo TBCRC 022, um ensaio de fase II, 49
doentes com CM com metastases cerebrais foram
tratadas com neratinib e capecitabina, 12 das quais
haviam sido tratadas anteriormente com lapatinib (18).
A TRO foi de 33% e 49% em doentes tratadas com
lapatinib e em doentes ndo tratadas com lapatinib,
respetivamente. A SLP em pacientes pré-tratadas e ndo
previamente tratadas com lapatinib foi de 3,1 e 5,5
meses, respetivamente, ¢ a SG foi de 15,1 e 13,3 meses

(18).

O estudo NEfERT-T de fase 3 (19) incluiu 479 mulheres
e comparou neratinib ou trastuzumab em combinagio
com paclitaxel como terapéutica de primeira linha.
Nao houve diferenca estatisticamente significativa na
SLP. No entanto, o grupo tratado neratinib teve uma
incidéncia mais baixa de metastases no cérebro (RR
0,48, IC de 95%, 0,29-0,79; p = 0,002), bem como um
tempo mais prolongado até recidiva a nivel cerebral (RR
0,45, IC de 95%, 0,26-0,78; p = 0,004). A diarreia grau
3 foi também um efeito de toxicidade muito comum e
relevante no grupo do neratinib (30,4% vs. 3,8%).

No estudo NALA, (20) um ensaio clinico de fase
III, 621 pacientes (incluindo 101 doentes com
metastases cerebrais assintomaticas ou estaveis) foram
aleatoriamente distribuidas em dois bragos. Um grupo
foi tratado com neratinib e capecitabina e o outro grupo
com lapatinib e capecitabina. O risco de progressao ou
morte foi reduzido em 24% com neratinib e capecitabina
(RR =0,76; 1C 95% 0,63-0,93; p = 0,006). A SLP aos
6 ¢ 12 meses foi de 47,2% vs 37,8% e 28,8% vs 14,8%
para os grupos neratinib + capecitabina e lapatinib
+ capecitabina, respetivamente. A SG também foi
superior no grupo neratinib + capecitabina, embora nao
estatisticamente significativa (RR = 0,88; 1C 95% 0,72-
1,07; p=0,2086). A incidéncia de intervencao cirargica
em metastases cerebrais sintomdticas foi menor no
brago tratado com neratinib (23%) em comparagdo com
o brago do lapatinib (29%) (p = 0,043). A diarreia foi o
efeito de toxicidade mais frequente relacionado com o
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Tucatinib

Tucatinib is a tyrosine kinase inhibitor with a high
affinity for the kinase domain of the HER2 receptor and
with minimal inhibition of the EGFR receptor, which
improves the toxicity profile (21).

In the HER2CLIMB trial, 410 patients with progressing
metastatic HER2+ BC after treatment with trastuzumab,
pertuzumab, and TDM-1 were randomized to receive
treatment with trastuzumab and capecitabine with or
without tucatinib (21). About 48% of patients had brain
metastases that did not require local approach therapies.
PFS was superior with tucatinib vs. placebo (7.8 vs. 5.6
months; hazard ratio, 0.54), as well as OS (21.9vs. 17.4
months; HR, 0.66) and ORR (41% vs 23%). Among
the patients with brain metastases, the estimated PFS
at 1 year was 24.9% (95% CI, 16.5 to 34.3) in the
tucatinib-combination group and 0% in the placebo
combination group. The median duration of PFS was
7.6 months (95% CI, 6.2 to 9.5) and 5.4 months (95%
CI, 4.1 to 5.7), respectively. In the tucatinib group,
the most frequent adverse events included diarrhea,
palmar—plantar erythrodysesthesia syndrome, fatigue,
and nausea.

In a phase 1b trial (22) the combination of tucatinib and
T-DM1 showed an objective response rate of 36% in 14
patients with brain metastases (2 patients had a complete
response, 3 had a partial response, 7 had stable disease,
and 2 were non-evaluable). This combination is under
evaluation, in a phase 3 trial (NCT03975647).

Observational study

Our sample included 44 Portuguese patients with
HER+ breast carcinoma, submitted to neoadjuvant
therapy with double anti-HER2 block with trastuzumab
and pertuzumab, followed by surgery. The average age
of the patients was 55 years. After neoadjuvant therapy,
18 patients underwent mastectomy and 26 underwent
conservative surgery. The rate of complete pathological
response in all patients was 61.4%. The characterization
of the patients according to their pathologic response is
shown in Table 1. In patients who expressed hormone
receptors (n=34), the response rate was 58.8%, while in
HER2-enriched patients (n=10) it was 70%. Regarding
the influence of the tumor size, the complete response
rate was 80% in patients with T1 or T2 tumors and
45.8% in patients with T3 or T4. The rate of complete
pathological response was 71.4% in patients without
nodal involvement and 56.7% in patients with affected
nodes.
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neratinib em todos os ensaios clinicos, sendo de grau 3
em cerca de 30% das doentes.

Tucatinib

Tucatinib ¢ um inibidor da tirosina cinase com alta
afinidade para o dominio cinase do recetor HER2 ¢
com inibi¢do minima do recetor EGFR, o que melhora
o perfil de toxicidade (21).

No ensaio HER2CLIMB, 410 doentes em progressao
apOs tratamento com trastuzumab, pertuzumab e
TDM-1 foram selecionadas para receber tratamento
com trastuzumab e capecitabina com ou sem tucatinib
(21). Cerca de 48% das doentes tinham doenga a nivel
cerebral sem necessidade de terapéutica local. A SLP
foi superior com tucatinib vs. placebo (7,8 vs. 5,6
meses; taxa de risco, 0,54), bem como SG (21,9 vs.
17,4 meses; RR, 0,66) ¢ TRO (41% vs. 23%). Entre
as doentes com metastases cerebrais, a SLP ao fim de
1 ano foi de 24,9% (IC de 95%, 16,5 a 34,3) no grupo
tratado com tucatinib e 0% no grupo placebo. A duracao
média da SLP foi de 7,6 meses (IC de 95%, 6,2 a 9,5)
e 5,4 meses (IC de 95%, 4,1 a 5,7), respetivamente. No
grupo do tucatinib, os efeitos adversos mais frequentes
foram diarreia, sindrome da eritrodisestesia palmo-
plantar, fadiga e nauseas.

Num estudo de fase 1b (22), a combinagao de tucatinib
e T-DM1 mostrou uma TRO de 36% em 14 pacientes
com metastases cerebrais (2 pacientes tiveram resposta
completa, 3 resposta parcial, 7 tinham doenga estavel
e 2 ndo avaliaveis). Esta combinagdo encontra-se a ser
avaliada num estudo de fase 3 (NCT03975647).

Estudo observacional

A nossa amostra incluiu 44 doentes portuguesas com
CM HER2+, submetidas a terapéutica neoadjuvante
com duplo bloqueio anti-HER2 com trastuzumab e
pertuzumab, seguida de cirurgia. A idade média dos
doentes foi de 55 anos. Apos terapéutica neoadjuvante,
18 doentes foram submetidas a mastectomia e 26 a
cirurgia conservadora. A taxa de resposta patologica
completa em todas as doentes foi de 61,4%. A
caracterizacdo dos doentes de acordo com a resposta
patologica ¢ apresentada na Tabela 1. Nos doentes que
expressaram recetores hormonais (n = 34), a taxa de
resposta patoldgica completa foi de 58,8%, enquanto
que nos doentes com recetores hormonais negativos
(n = 10), a taxa de resposta foi de 70%. Em relacao
a influéncia do tamanho do tumor, a taxa de resposta
completa foi de 80% nas doentes com tumores T1 ou
T2 e de 45,8% nas pacientes com T3 ou T4. A taxa de
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Table 1 - Characterization of the BC patients analyzed in this study. pCR — pathologic complete response; cT —
tumor classification by clinical stage; cN — lymph nodes affected by clinical stage

Tabela 1 - Caracterizagdo dos doentes analisados neste estudo. RPC - resposta patoldgica completa; cT -
classifica¢ao do tumor por estadio clinico; cN — ganglios afetados por estadio clinico

No. of patients / No. de pacientes

Non-pCR / Sem
Characteristic / Caracteristica pCR/RPC RPC
27 17
T1-2 16 4
cT
T3-4 11 13
NO 10 4
cN

N+ 17 13
Positive / Positivo 20 14

Hormonal receptors /
Recetores hormonais Negative / Negativo 7 3
>20 18 12

Ki-67
<20 9 5
Mastectomy / Mastectomia 7 11
Surgery / Cirurgia Conservative surgery /
. . 20 6
Cirurgia conservadora
Trastuzumab 26 15
Adjuvant HER?2 treatment / Trastuzumab and (e) 1 0
Tratamento adjuvante HER2 Pertuzumab

T-DMI1 0 2
Distant recurrence / 3 0

Recidiva a distancia

Case study of HER2+ BC patients with brain metastases

Of the 44 patients treated with neoadjuvant trastuzumab
and pertuzumab with a mean follow-up of 23.9 months,
three had a relapse, all at the brain level as the first site of
metastasis. Interestingly, these three patients had shown
a complete pathological response. The characterization
of these patients is shown in Table 2. In Patient 1,
relapse occurred 17.87 months after breast surgery.
The brain lesion was resected, but, unfortunately, brain
progression occurred one month after surgery. She

resposta patologica completa foi de 71,4% em pacientes
sem envolvimento ganglionar e 56,7% em pacientes
com ganglios afectados.

Casos clinicos dos doentes com CM HER2+ com
metastases cerebrais

Das 44 doentes tratadas com trastuzumab neoadjuvante
e pertuzumab com seguimento médio de 23,9 meses,
3 apresentaram recidiva, todas a nivel cerebral.
Curiosamente, estas trés doentes tinham obtido resposta
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Table 2 - Characterization of the BC patients with brain relapse in this study. T: trastuzumab; P: pertuzumab;
L: lapatinib; C: capecitabine

Tabela 2 - Caracterizagao dos doentes com CM que apresentaram recidiva cerebral neste estudo. T: trastuzumab;
P: pertuzumab; L: lapatinib; C: capecitabine

Patient 1 / Doente 1

Patient 2 / Doente 2

Patient 3 / Doente 3

Stage at diagnosis / Estadio inicial cT3N3 c¢T2N1 cT4N1
Hormone receptor status / . . . . . .
Expressio de receptores hormonais Negative / Negativo Negative / Negativo Negative / Negativo
Time between breast surgery and brain relapse /
Tempo entre a cirurgia da mama e a recidiva 17.87 months / meses 7.16 months / meses 6 days / dias
cerebral
Surgery for brain metastases / Yes / Sim No / Nio No / No
Cirurgia nas metastases cerebrais
Ist line treatment /
1% linha de tratamento Docetaxel+T+P T-DM1 T-DM1
2nd line treatment /
- + +
2" linha de tratamento Lrc L+C
3rd line treatment / . .
- + -
3*linha de tratamento T+Vinorelbine
4rd line treatment / I
_ + _
4* linha de tratamento T+Gemeitabine
Overa.ll furylval (months) / 46.03 36.73 30.33
Sobrevivéncia global (meses)

received WBRT and then started systemic treatment.
In Patients 2 and 3, brain relapse occurred soon after
breast surgery. The three patients received WBRT
and then started systemic treatment. To date, Patient
1 is under first-line treatment with trastuzumab and
pertuzumab with stable disease and with no extra-brain
disease. Patients 2 and 3 have died.

Only a few reports have examined risk factors for the
development of brain metastases as the first site of
metastatic disease in HER2+ breast cancer patients
who received neoadjuvant treatment. In a cohort of 130
patients treated with neoadjuvant chemotherapy with
trastuzumab and pertuzumab, the rate of BM as the first
presentation of distant disease was 3.8% (3/77) and 3.7%
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patoloégica completa. A caracterizacdo dessas
pacientes é apresentada na Tabela 2. Na doente 1,
a recidiva ocorreu 17,87 meses apds a cirurgia do
tumor primario. A metastase cerebral foi excisada,
mas, infelizmente, apresentou recaida 1 més apos a
cirurgia. Foi tratada posteriormente com radioterapia
holocraneana e iniciou tratamento sistémico. Nas
doentes 2 e 3, a recidiva cerebral ocorreu logo apds
a cirurgia de mama. As trés doentes receberam
radioterapia holocraneana e depois iniciaram
tratamento sistémico. Até ao momento, a doente 1
esta sob tratamento de 1* linha com trastuzumab e
pertuzumab, com doenca estavel e sem doencga extra-
cerebral. As pacientes 2 e 3 faleceram.

Apenas alguns estudos verificaram quais os factores
de risco para o desenvolvimento de metéstases no
cérebro em doentes com CM HER2+ como primeiro
localderecidivaapdsterapéuticaneoadjuvante. Numa
coorte de 130 pacientes tratadas com quimioterapia
neoadjuvante com trastuzumab e pertuzumab, a
taxa de metastases cerebrais como primeiro local de




(2/53) in patients with pCR and non-pCR, respectively
(23). However, the median time to development of BM
was longer in patients with pCR (35 vs 11.7 months).
In our cohort, brain relapse occurred in 1.1% (3/27) of
patients with pCR. These three patients presented large
tumors with nodal involvement, which is a risk factor
for brain relapse (1). Overall survival of these patients
was in accordance with previous studies (3).

In the Katherine study, the incidence of BM at the
follow-up of 3 years was 5.9% in patients with residual
disease who received TDM1 and 4.3% in patients who
received trastuzumab (24). Our very small number of
patients treated with adjuvant T-DM1 does not allow us
to make conclusions about the effect of this treatment,
but at the time of assessment, no patients had relapsed.

Also, the short period between surgery and brain
recurrence in 2 out of 3 patients raises questions about
the possibility of preexisting metastases at the time
of surgery and whether there is a rationale for brain
metastases screening in these patients. At this point, no
recommendations can be made about this issue. Some
current clinical trials are studying the role of brain
MRIs in screening for brain metastases before the onset
of symptoms and whether this will affect the overall
prognosis and quality of life of patients (NCT03617341,
NCT03881605, NCT04030507).

Conclusions

With the development of new molecules with activity
in the brain, the biggest challenge is how to integrate
surgery and radiotherapy in clinical treatment. As
patient survival increases, the consequences of long-
term treatments will be observed, namely the cognitive
deterioration resulting from radiotherapy. Multiple
prognostic models exist to help oncologists make
decisions about patients who develop brain metastasis.
One of the most used prognostic models is the Modified
Breast Graded Prognostic Assessment (GPA), which
confirmed that tumor receptor status, age, performance
status, and number of BMs can predict OS (25).

Surgery will always play an important role, especially
in the case of solitary brain lesions. It has the advantages
of reducing tumor burden and allowing a revaluation
of the immunochemistry markers. Discordance in
hormone receptors and HER2 status between the

HER2 breast cancer brain metastases
Cancro de mama HER2 com metastases cerebrais

recidiva foi de 3,8% (3/77) e 3,7% (2/53) em doentes
com RPC e sem RPC, respetivamente (23). No entanto,
o tempo médio para o desenvolvimento de metastases
cerebrais foi maior em pacientes com RPC (35 vs 11,7
meses). Na nossa coorte, a recidiva cerebral ocorreu em
1,1% (3/27) das pacientes com RPC. Estas trés doentes
apresentavam grandes tumores com envolvimento
ganglionar, o que constituem factores de risco para a
recidiva cerebral (1). A SG destas pacientes esteve de
acordo com estudos anteriores (3).

No estudo Katherine, a incidéncia de metastases
cerebrais aos 3 anos de seguimento foi de 5,9% nos
doentes sem resposta patologica completa que foram
tratados com TDM1 e 4.3% nos doentes tratados com
trastuzumab (24). O reduzido niimero de doentes
tratadas com T-DM 1 adjuvante ndo nos permite concluir
o efeito deste tratamento; contudo, no momento da
avaliagdo, nenhum doente apresentou recidiva.

Além disso, o curto periodo entre a cirurgia e a recidiva
cerebral em duas das trés doentes levanta a questdo
sobre a possibilidade de metéstases preexistentes
no momento da cirurgia e se existe um papel para o
rastreio de metastases cerebrais nestes doentes. Até
agora, nenhuma recomendagdo pode ser feita sobre
este tema. Alguns ensaios clinicos estdo a analisar o
papel da ressonancia magnética cerebral no rastreio
de metastases cerebrais antes do inicio dos sintomas,
e se isso afectard o prognostico geral e a qualidade
de vida dos doentes (NCT03617341, NCT03881605,
NCT04030507).

Conclusoes

Com o desenvolvimento de novas moléculas com
atividade no cérebro, o maior desafio esta relacionado
com a integracdo da cirurgia e da radioterapia no
tratamento das metastases cerebrais. A medida que
vamos aumentando a sobrevivéncia destas doentes
veremos as consequéncias dos tratamentos a longo
prazo, nomeadamente a deterioragdo cognitiva
resultante dos tratamentos de radioterapia. Para auxiliar
a decisdo do oncologista, existem varios modelos de
prognostico para doentes com metastases cerebrais. Um
dos modelos de prognostico mais usados é o Graded
Prognostic Assessment (GPA), o qual confirmou que o
status de recetores do tumor, a idade, o estado geral do
doente e numero de metastases cerebrais podem prever
a SG (295).

A cirurgia tera sempre um papel importante,
especialmente no caso de lesdes cerebrais solitarias.
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primary tumor and the metastatic lesion is well known.
A large range of receptor discordance with ER, PR, and
HER?2 (6-40%, 21-41%, and 1-43%, respectively) was
described in a previous review (26). Radiosurgery is
also an option for some unresectable brain metastases.

Current guidelines recommend that for patients with
stable systemic disease at the time of BM diagnosis, the
same systemic therapy should be continued, and BM
should be treated with local therapy (surgery and/or
radiotherapy). For patients with progressive systemic
disease at the time of BM diagnosis, clinicians should
use the algorithms for the treatment of HER+ metastatic
BC (27). These guidelines may change in the very near
future, and it may be wise for oncologists to change
systemic therapies when brain recurrence occurs even
with stable systemic disease. Trastuzumab deruxtecan
or tucatinib can be considered in these cases.

Asymptomatic or lightly symptomatic patients with
largely disseminated BM at diagnosis are normally
referred for treatment with WBRT as a local therapy,
however, this may not be the best choice. A change
to systemic therapy may be more sensible, even with
stable systemic disease, delaying radiotherapy until
there is disease progression or there are symptoms
related to metastasis. We will also see what role new
targeted therapies like trastuzumab, deruxtecan, and
tucatinib will play in early disease stages, when they
might prevent or delay the onset of metastasis to the
brain.

In this study, the neoadjuvant therapy with double
anti-HER2 block using trastuzumab and pertuzumab
led to higher rates of complete pathological response
in patients with lower clinical stage and without nodal
involvement. With a preliminary mean follow-up of
23.9 months, three patients (of 44 studied) had a relapse,
and the brain was the first site of metastasis in all cases.

The brain may be ceasing to be the sanctuary that we
thought it was. The appearance of new molecules with
activities in the brain in HER2+ BC inspires new hope
for the treatment of these patients. Further investigation
is also needed in order to prevent HER2+ BC brain
metastases.
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Tem a vantagem de reduzir a carga tumoral e permitir
uma reavaliacdo dos marcadores imunohistoquimicos.
A discordancia nos receptores hormonais ¢ HER2
entre o tumor primario e as lesdes metastaticas ¢ bem
conhecida. Uma revisdo mostrou uma importante
discordancia dos receptores de estrogénio, progesterona
e HER2 (6-40%, 21-41% e 1-43%, respetivamente)
(26). A radiocirurgia também € uma opgao para algumas
metastases cerebrais irresecaveis.

As diretrizes atuais recomendam que, para doentes com
doenca sistémica estdvel no momento de progressao
a nivel cerebral, se mantenha o mesmo tratamento
sistémico e se aplique tratamento local sobre as
metastases (cirurgia e/ou radioterapia). Para doentes
com doenca sistémica em progressdo no momento
do diagndstico das metastases cerebrais, deve ser
alterada a terapéutica sistémica conforme os algoritmos
recomendados (27). Talvez isto venha a alterar-se
muito em breve, e provavelmente deveriamos mudar
o tratamento sistémico em casos de recidiva cerebral
mesmo com doenga sistémica estavel. Trastuzumab
deruxtecan ou tucatinib podem ser considerados nestes
casos.

O tratamento local das metdastases cerebrais nem
sempre sera a melhor escolha, especialmente se o
que temos a oferecer ¢ a radioterapia holocraneana.
Provavelmente fara sentido em doentes assintomaticas
ou pouco sintomaticas, com varias metastases cerebrais
ao diagnostico, que normalmente seriam tratadas
com radioterapia holocraneana, alterar o tratamento
sistémico mesmo com doenca sistémica estavel, e
reservar a radioterapia para quando houver progressao
da doenca ou sintomas relacionados com a presenca
de metastases. Veremos também que papel os novos
farmacos como o trastuzumab deruxtecan e tucatinib
terdo em estadios iniciais, onde poderdo prevenir ou
retardar o aparecimento de metéstases no cérebro.

Neste estudo, a terapia neoadjuvante com duplo
bloqueio anti-HER2 com trastuzumab e pertuzumab
levou a maiores taxas de resposta patologica completa
em doentes com estadio clinico inferior e sem
envolvimento ganglionar. Com um seguimento médio
preliminar de 23,9 meses, 3 pacientes recairam, todas
a nivel cerebral como primeiro local de metastizacao.

O cérebro pode estar a deixar de ser o santuario que
pensavamos. O aparecimento de novas moléculas
com atividade no cérebro no cancro de mama HER2+
abre esperanca no tratamento destes doentes. Sao
também necessarios mais estudos de forma a prevenir
a ocorréncia de metastases cerebrais no CM HER2+.
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Herpetiform dermatitis (Clinical case)

Dermatite herpetiforme (Caso clinico)
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A 44-year-old female teacher was referred to the
Nutrition Consultation for Dermatology for a gluten-free
diet. She had experienced a cluster of red and intensely
itchy blisters at the cutaneous level for approximately
six months. After a study by Dermatology, a herpetiform
dermatitis was diagnosed. While waiting for the
Nutrition Consultation, she removed the gluten from
her diet and saw improvements in symptoms. Awaiting
Gastroenterology Consultation.
Keywords: Duhring Brocq disease; dermatitis;
herpetiformis; gluten-free diet

Anthropometric assessment

Weight: 59.9 kg
Height: 164 cm
BMI: 22.3 kg/m?
Usual weight: 62 kg

Body composition assessment (TANITA TBF 300®)
Body fat: 28.9%

Fat mass: 17.3 kg

Non-fat mass: 42.6 kg

Total body water: 31.2 kg

Received / Recebido: 03/12/2020
Accepted / Aceite: 26/02/2021
Electronic Edition: www.alies.pt

Uma mulher de 44 anos, professora, foi encaminhada a
Consulta de Nutri¢ao para Dermatologia para dieta sem
gluten. Apresenta a nivel cutaneo, ha cerca de 6 meses,
um aglomerado de bolhas avermelhadas e intensamente
pruriginosas. Apds estudo pela Dermatologia foi
diagnosticado uma Dermatite Herpetiforme. Enquanto
aguardava pela Consulta de Nutri¢@o retirou o gliten da
alimentacdo e verificou melhorias na sintomatologia.
Aguarda Consulta de Gastrenterologia.

Palavras-chave: Doenca de Duhring Brocq ; dermatite;
herpetiforme; dieta isenta de gluten

Avaliacdo antropométrica

Peso: 59,9 kg
Estatura: 164 cm
IMC: 22,3 kg/m?
Peso habitual: 62 kg

Avalia¢io da composi¢ido corporal (TANITA TBF 300°)
Gordura corporal: 28,9%

Massa gorda: 17,3 kg

Massa isenta de gordura: 42,6 kg

Agua corporal total: 31,2 kg
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Analytical Parameters

Hematology

Red blood cells: 4.54 x10'*/L (4.50 — 6.40)
Hemoglobin: 14.2 g/dL (13.0-16.5)
Hematocrit: 40.9 % (39.8-52.0)

White blood cells: 5.64 x10° /L (4.0 — 10.0)
Neutrophils: 4.25 x10° /L (1.5 8.0)
Eosinophils: 0.1 x10° /L (<0.5)

Basophils: 0.1 x10° /L (<0.3)
Lymphocytes: 1.63 x10° /L (0.8-4.0)
Monocytes: 0.4 x10° /L (<1.2)
Sedimentation speed: 7 mm/h (up to 20)

Biochemistry

Glucose: 97 mg/dL (67 - 110)

Hemoglobin HbAlc assay: 5.2% (3.8-5.8)
Urea: 19 mg/dL (10 - 55)

Creatinine: 0.7 mg/dL (0.6-1.4)

Uric acid: 4.6 mg/dl (2.4-5.7)
Glutamic-oxalacetic transamines: 16 U/L (10 - 35)
Glutamic-pyruvic transamines: 12 U/L (10 - 44)
Glutamyltransferase Range: 10 U/L (5 - 38)
C-reactive protein: negative

Total Cholesterol: 184 mg/dl (100-190)

HDL cholesterol: 54 mg/dl (> 45)

LDL cholesterol: 115 mg/dl (35-110)
Triglycerides: 75 mg/dl (5-184)

Calcium: 9. 6 mg/dl (8.4-10.4)
Phosphorus: 3.2 mg/dl (2.4-4.0)
Magnesium: 1.9 mg/dl (1.6 - 2.6)
Total vitamin D: 48.0 ng/ml (> 20)
Folic acid: 11.54 ng/ml (3-17)
Vitamin B12: 294.10 pg/ml (200-950)

Ferritin: 121.5 ng/ml (9-120)

TSH - Thyrostimulating Hormone: 1.48 UI/L (0.5-6)
T4 - Tetraiodothyronine: 11.32 pg/dl (4-13)

Gliadin - Ac. IgA: 1.4 AU/ml (<10)
Gliadin - Ac. IgG: <0.6 AU/ml (<10)

Tissue Transglutaminase - Ac. IgA: 0.3 AU/ ml (<10)
Tissue Transglutaminase - Ac. IgG: <0.4 AUml (<10)

S. cerevisae - ASCA, Ac. 1gG: 2 U/ml (<10)

Calprotectin: 37 mg/kg (up to 50)

Herpetiform dermatitis (Clinical case)
Dermatite herpetiforme (Caso clinico)

Parametros analiticos

Hematologia

Globulos vermelhos: 4.54 x10'%/L (4.50 — 6.40)
Hemoglobina: 14.2 g/dL (13.0-16.5)

Hematocrito: 40.9% (39.8-52.0)

Glébulos brancos: 5.64 x10° /L (4.0 — 10.0)
Neutroéfilos: 4.25 x10° /L (1.5— 8.0)

Eosindfilos: 0.1 x10° /L (<0.5)

Basofilos: 0.1 x10° /L (<0.3)

Linfocitos: 1.63 x10° /L (0.8-4.0)

Mondcitos: 0.4 x10° /L (<1.2)

Velocidade de sedimentacdo: 7 mm/h (até 20)
Bioquimica

Glicose: 97 mg/dL (67 — 110)

Doseamento da hemoglobina HbAlc: 5,2% (3,8-5,8)
Ureia: 19 mg/dL (10 — 55)

Creatinina: 0.7 mg/dL (0,6-1,4)

Acido urico: 4.6 mg/dl (2,4-5,7)

Transaminase Glutamico-oxalacética: 16 U/L (10 — 35)
Transaminase Glutdmico-pirtvica: 12 U/L (10 — 44)
Gama Glutamiltransferase: 10 U/L (5 — 38)
Proteina C reativa: negativa

Colesterol Total: 184 mg/dl (100-190)

Colesterol HDL: 54 mg/dl (>45)

Colesterol LDL: 115 mg/dl (35-110)

Triglicéridos: 75 mg/dl (5-184)

Calcio: 9,6 mg/dl (8,4-10,4)

Fosforo: 3,2 mg/dl (2,4-4,0)

Magnésio: 1,9 mg/dl (1,6 —2,6)
Vitamina D total: 48,0 ng/ml (>20)
Acido folico: 11,54 ng/ml (3-17)
Vitamina B12: 294,10 pg/ml (200-950)
Ferritina: 121,5 ng/ml (9-120)

TSH — Hormona Tirostimulante:1.48 UI/L (0,5-6)
T4 — Tetraiodotironina: 11,32 pg/dl (4-13)

Gliadina — Ac. IgA:1,4 UA/ml (<10)
Gliadina — Ac. IgG: <0,6UA/ml (<10)

Transglutaminase Tecidular-Ac. IgA: 0,3 UA/ml (<10)
Transglutaminase Tecidular-Ac. IgG: <0,4 UA/ml (<10)

S. cerevisae — ASCA, Ac. IgG: 2U/ml (<10)

Calprotectina: 37mg/kg (até 50)
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Clinical evaluation

Personal background

- Allergic rhinitis
- Asthma

Complementary diagnostic tests

Biopsy of skin lesion on the scalp:

The presence of neutrophils, some eosinophils, and
nuclear debris along the dermoepidermal junction,
are compatible with the diagnosis of Dermatitis
herpetiformis.

Intestinal transit: regular

Eating habits

Wake up at 7 am

Breakfast: 7:30 am

1 cup of unsweetened coffee + 1 gluten-free bread with
cheese

Morning snack: 10 am

1 piece of fruit

Lunch: 1 pm

Dish: V4 of rice / potato dish + meat or fish (120 g) +
varied vegetables (150 g) seasoned with olive oil
Dessert: 1 piece of fruit

Afternoon snack: 4:30 pm
1 cup of unsweetened coffee + 1 gluten-free bread with
cheese

Dinner: 8 pm
Dish: V4 of rice / potato dish + meat or fish (120 g) +
varied vegetables (150 g) seasoned with olive oil

Go to bed at 10:30 pm
Water / tea consumption: about 1.5 liters of water per

day

Environment, behavior and social

She lives with her husband and two teenage children. In
view of the pandemic situation, it is limited to her fam-
ily and professional life, with no social activities. She
states that the current situation has also conditioned her
physical exercise routine.
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Avaliacao clinica

Antecedentes pessoais:

- Rinite alérgica
- Asma

Exames complementares de diagnostico

Biopsia de lesdo cutanea do couro cabeludo:

A presenca de neutréfilos, alguns eosinofilos e detritos
nucleares, ao longo da jungdo dermoepidérmica,
sdo compativeis com o diagndstico de Dermatite
herpetiforme.

Transito intestinal: regular

Habitos alimentares

Acorda as 7h

Pequeno-almogo: 7h30

1 chavena de café sem agucar + 1 pao sem gliten com
queijo

Lanche da manha: 10 h

1 peca de fruta

Almoco: 13h

Prato: % do prato de arroz / batata + carne ou peixe
(120 g) + verdura variada (150 g) temperada com azeite
Sobremesa: 1 pega de fruta

Lanche da tarde: 16h30
1 chavena de café sem agucar + 1 pao sem gliten com
queijo

Jantar: 20h
Prato: % do prato de arroz/batata + carne ou peixe (120
g) + verdura variada (150 g) temperada com azeite

Deita-se as 22h30

Consumo de agua/cha: cerca de 1,5 litros de agua por
dia

Ambiente, comportamento e social

Vive com o marido e com os dois filhos adolescentes.
Face a situagdo pandémica, limita-se a sua vida familiar
e profissional, ndo existindo atividades sociais. Refere
que a situagdo atual também tem condicionado a sua
pratica de exercicio fisico.



Questions
1. What is herpetiform dermatitis?

2. Do patients with herpetiform dermatitis have any
enteropathy?

3. Is herpetiform dermatitis not related to herpesvirus?

4. What is the appropriate treatment for this pathology
in addition to the pharmacological approach?

5. What are the consequences of adherence to a gluten-
free diet by patients with herpetiform dermatitis?

Authors Contributions Statement

The contribution to the preparation of this Case Study
was identical for both authors.
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Herpetiform dermatitis (Clinical case)
Dermatite herpetiforme (Caso clinico)

Questoes
1. O que ¢ a dermatite herpetiforme?

2. Os pacientes com dermatite herpetiforme apresentam
alguma enteropatia?

3. A dermatite herpetiforme nio estd relacionada com
0 herpesvirus?

4. Qual o tratamento adequado a esta patologia para
além da abordagem farmacologica?

5. Quais as consequéncias da adesdo a uma dieta sem
gluten por pacientes com dermatite herpetiforme?
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Herpetiform dermatitis (Clinical case)
Dermatite herpetiforme (Caso clinico)
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N Type 1 medication review based on a pharmacy’s electronic medication records:

first steps towards an algorithm to stratify patients for tailored pharmacy services

Revisdo terapéutica tipo 1 com base nos registos eletronicos da farmacia: primeiros passos para o
desenho de um algoritmo que permite estratificar doentes para a prestacdo de servicos de farmacia
personalizados
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Abstract

Algorithms, queries, and knowledge-based systems are among approaches to screen electronic patient records stored
in databases and support pharmacist medication reviews. The aim of this study was to perform a type 1 medication
review and identify clusters that enable the definition of an algorithm to tailor pharmacy professional intervention.
A retrospective observational study was conducted on a convenience sample of pharmacy records. Records were
included if patients had a medication dispensing history between June 2017 - July 2018 and used two or more chronic
medications. Statistical analysis used a two-step cluster to identify common characteristics among fifty-five sets of
patient records which underwent Type 1 medication review. The median number of drugs used per patient was five
[IQR: 3.0—7.0]. 18.2% of patients had inappropriate drugs, and 30.9% had moderate or major interaction potential. Four
clusters were identified based on the variables of interactions, number of drugs used, contraindications, Beers criteria and
measurable biomarkers, allowing to envision possible pharmaceutical interventions, as well as the priority in providing
that intervention. The identification of patient clusters via medication review of electronic records of pharmacy patients
supports the design of criteria-based algorithms, likely to be automated.

Keywords: Pharmaceutical services; medication review; electronic health records; algorithms

Resumo

Algoritmos, queries e sistemas baseados em conhecimento sdo algumas abordagens que permitem ao realizar revisao
terapéutica do tipo 1 aos registos eletronicos de doentes (RED). O objetivo deste estudo foi realizar uma revisao terapéutica
do tipo 1 numa amostra de RED de uma farmacia comunitaria, permitindo a identificacdo de clusters que sinalizem os
doentes que requerem intervengdes farmacéuticas. Estudo observacional retrospectivo numa amostra de conveniéncia de
RED. Foram incluidos os RED com historico de dispensa entre junho de 2017 e julho de 2018 e que apresentavam 2 ou
mais medicamentos cronicos. Utilizou-se o método de andlise de clusters em duas fases para identificar caracteristicas
comuns entre os doentes. Cinquenta e cinco RED foram submetidos a revisdo terapéutica tipo 1. A mediana do nlimero
de medicamentos usados foi de cinco [IQR: 3,0 — 7,0]. 18,2% dos doentes usavam medicamentos inapropriados e 30,9%
possuiam potencial moderado ou grave de interagdo entre medicamentos. Foram identificados quatro clusters, aos quais
foram atribuidas as intervenc¢des farmacéuticas consideradas mais adequadas, bem como a prioridade da sua prestacao.
A revisdo terapéutica aplicada aos RED permitiu a identificagdo de clusters de doentes, o que, por sua vez, permitira o
desenho de um algoritmo baseado em critérios com possibilidade de ser automatizado.

Palavras-chave: Servicos farmac€uticos; revisao terapéutica; registos eletronicos medicamentos; algoritmos
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Introduction

As the burden of Non-Communicable Diseases (NCD)
increases globally, chronic disease management has
become central to every health system (1). Among
several models to deal with this threat, the Chronic
Care Model has emerged as an interprofessional
collaboration model suited to the challenges brought by
NCD’s high burden on health systems (2). This model
has in turn provided the context to the rethinking of
health professionals’ roles and duties (3). Community
pharmacists have joined this movement after the
emergence of pharmaceutical care concepts and the
implementation of several projects that showcased
community pharmacists as effective primary care
professionals (4).

Since the 1990s, medication reviews were included
in community pharmacy practice. Pharmacist-led
medication review services are available in Europe
(UK, NL, BE, SE, DK), United States of America
(USA), Australia, Canada and New Zealand (5,6).
The Pharmaceutical Care Network Europe (PCNE)
defines medication review as “a structured evaluation
of patients’ medications with the aim of optimizing
medication use and improving health outcomes”. This
entails detecting drug related problems (DRPs) and
recommending interventions (7). Four types of review
are identified depending on the patient information
available to the pharmacist (Table 1). All types of
Medication reviews are always constituted by a
diagnostic intervention that aims to identify DRPs. All
but type 1 require the patient to be present at the point
of care, both to gather important information and to
provide an educational intervention to support patient
knowledge and adherence (8).

When provided, medication reviews resulted in a
decrease in the number of drug-related problems, more
changes in medication, more drugs with decreased
dosage, and a greater decrease or smaller increase in the
number of drugs (6). The reviews also have a positive
benefiton patient outcomes specifically on the attainment
of clinical biomarkers goals (5), and improvement of
process outcomes such as reduced polypharmacy, more
appropriate formulations, and more appropriate choices
of medications (8). The appropriateness of medications
can also be assessed with different tools. Among them,
Beers’ criteria is one of the most commonly used (9),
assisting healthcare providers in improving medication
safety in older adults by identifying medications for
which the risks of their use outweigh the benefits (10).

Medication review based on electronic medication records
Revisdo terapéutica tipo 1 com base em registos eletronicos de doentes

Introducao

A medida que a carga das doengas ndo transmissiveis
(DNT) aumenta globalmente, a gestdo das doencas
cronicas torna-se central para todos os sistemas de
saude (1). Entre os varios modelos para lidar com esta
ameaca, 0 Modelo de Cuidados Cronicos emergiu como
um modelo de colaboragdo interprofissional adequado
aos desafios trazidos pela elevada carga das DNT sobre
os sistemas de saude (2). Este modelo, por sua vez,
forneceu o contexto para repensar os papéis e deveres
dos profissionais de satde (3). Os farmacéuticos
comunitarios aderiram a este movimento apos o
surgimento de conceitos de Cuidados Farmacéuticos
e a implementagdo de varios projetos posicionaram
o farmacéutico comunitario como um profissional de
cuidados de saude primarios efetivo (4).

Desde a década de 1990, as revisdes terapéuticas foram
incluidas na pratica da farmacia comunitaria. O servigo
de revisdo terapéutica conduzido por farmacéuticos
esta disponivel na Europa (UK, NL, BE, SE, DK),
Estados Unidos da América (EUA), Australia, Canada e
Nova Zelandia (5,6). A Pharmaceutical Care Network
Europe (PCNE) define a revisao terapéutica como “uma
avaliacdo estruturada dos medicamentos dos doentes
com o objetivo de otimizar o uso de medicamentos
e melhorar os resultados em satde”. Isso envolve a
detecdo de problemas relacionados a medicamentos
(PRM) e a recomendagdo de intervencoes (7).
Conhecem-se quatro tipos de revisdo, dependendo das
informacgdes do doente disponiveis para o farmacéutico
(Tabela 1). Todos os tipos de revisao terapéutica incluem
uma intervengdo diagnostica que visa identificar PRM.
Todos, exceto o tipo 1, requerem a presenca do doente
tanto para recolher informagdes importantes quanto
para prestar uma intervengao educacional que promova
o conhecimento e a adesdo do doente (8).

Quando realizadas, as revisdes terapéuticas resultam
numa diminui¢do do numero de PRM, ajustes a
medicagdo, diminui¢ao de doses e uma diminuigdo ou
ligeiro aumento do nimero de medicamentos utilizado
pelo utente (6). Evidenciam ainda um beneficio positivo
nos resultados, especificamente nos biomarcadores
clinicos (5), e na melhoria dos resultados do processo,
como reducdo da polimedicacdo, adequagdo da
formulacao e escolha mais adequada de medicamento
(8). Neste processo a avaliagdo de medicamentos
potencialmente inapropriados pode ser realizada com
diferentes ferramentas. Entre estas, o critério de Beers é
uma das mais utilizadas (9), auxiliando os profissionais
de saude a promover a seguranca dos medicamentos
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Table 1 - Types of medication review (PCNE 2012)
Tabela 1 - Tipos de revisao terapéutica (PCNE 2012)

TYPE

DESCRIPTION

Type 1 - Simple medication
review

Based on the available medication history (electronic medication record) in the pharmacy, this
non-clinical review addresses simple issues relating to the medication with the purpose of
highlighting more complex issues for other type of review or services. Useful to reveal drug
interactions, some side-effects, unusual dosages and some adherence issues.

Type 2A - Intermediate
medication review

Performed when the patient can be approached for information, this review is based on medication
history and patient information. Helps to detect drug interactions, some side-effects, unusual
dosages, adherence issues, drug-food interactions, effectiveness issues, side effects, and problems
with over-the-counter (OTC) medicines.

Type 2B - Intermediate
medication review

Performed if medical information is also available, this review is based on medication history and
medical information. It reveals drug interactions, some side-effects, unusual dosages, adherence
issues, drug-food interactions, effectiveness issues, indication without a drug and drugs without
indication.

Type 3 - Advanced
medication review

Based on medication history, patient information, and clinical information. Enables the
identification of drug interactions, some side-effects, unusual dosages adherence issues, drug-food
interactions, effectiveness issues, side effects, problems with OTC, indication without a drug and
drugs without indication, dosage issues.

TIPO

DESCRICAO

Tipo 1 — revisao simples

Baseada no historico de medicamentos disponiveis na farmacia (registo eletronico de
medicamentos), esta revisdo, ndo clinica, aborda questdes simples relacionadas com a terapéutica
com o objetivo de destacar questdes mais complexas para outro tipo de revisdo ou servigo. Util
para revelar interagdes medicamentosas, algumas reagdes adversas, doses incomuns e alguns
problemas de adesdo.

Tipo 2A — revisao
intermédia

Realizada quando o doente pode ser abordado para obter informagdes, esta revisdo ¢ baseada no
historico de terapéutica e nas informag¢des do doente. Ajuda a detetar interagdes medicamentosas,
algumas reagdes adversas, doses incomuns, problemas de adesao, interagdes com alimentos,
problemas de eficécia, efeitos colaterais e problemas com medicamentos ndo sujeitos a receita
médica.

Tipo 2B — revisao intermédia

Realizada quando a informagao médica também esta disponivel; esta revisdo ¢ baseada no
histérico de medicamentos e na informagao clinica. Identifica interagdes medicamentosas, algumas
rea¢des adversas, doses incomuns, problemas de adesdo, interagdes com alimentos, problemas de
eficacia, necessidade adicional de terapéutica e medicacdo desnecessaria.

Tipo 3 — revisiao avancada

problemas de dose.

Com base no historico de medicamentos, informagao do doente e informagéo clinicas. Permite a
identificagdo de interagdes medicamentosas, problemas de adesdo, doses incomuns, interagdes
com alimentos, problemas de eficécia, reacdes adversas, problemas com medicamentos ndo
sujeitos a receita médica, necessidade adicional de terapéutica e medicagdo desnecessaria,

In spite of being a service that can enhance
the pharmacists’ role in the health system, the
implementation of medication reviews has not been
thoroughly achieved. Major barriers to implement
an effective medication review service cited in the
literature have been lack of time, collaboration with
physicians, pharmacists’ self-confidence, and patient
inclusion (11,12). Therefore, there is a need to enhance
the efficiency of medication review services. The use of
IT may unlock this potential efficiency (13), allowing
more time to augment medication review provision and
the development of new services.
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nos idosos, através da identificacdo de medicamentos
para os quais os riscos do seu uso superam os beneficios

(10).

Apesar da revisdo terapéutica ser um servigo que pode
enfatizar o papel do farmacéutico no sistema de saude,
a sua implementacdo ndo foi totalmente alcancgada.
As principais barreiras citadas na literatura para
implementar um servigo eficaz de revisdo terapéutica
tém sido a falta de tempo, a colaboracdo com médicos,
a baixa autoconfianca dos farmacéuticos e a inclusao de
doentes (11,12). Assim, torna-se necessario aumentar
a eficiéncia do servigo de revisdo terapéutica. O uso
da Tecnologias da Informagao pode desbloquear este



The inception of the Digital Age in the 1960s, with the
development of electronics, information technology
(IT) and automated production, has shaped the practice
of pharmacy (14). Nowadays, community pharmacy
practice is highly computerized, collecting patient
information on a continuous basis and creating a
permanently updated electronic healthcare record
(EHR) (15). Electronic healthcare records provide real-
time access to patient information, such as the patient’s
medical condition, visits to healthcare providers, and
images and reports of diagnostic procedures, thus
enabling a complete longitudinal record of evidence-
based care (15). These EHR can impact decision-
making, how healthcare professionals and patients
interact with each other, how health information is
stored and used, and how patients manage their health
themselves through electronic apps and devices (16).

For community pharmacists, EHRs facilitate medication
reviews and the identification of drug therapy problems
(16). Structured methods and appropriate software are
important tools to increase pharmacist effectiveness and
improve health outcomes (17,18). Databases, that store
patients' electronic records can be queried using search
algorithms, for example, to select non-adherent patients
or patients receiving specific medications (17), or to
identify inpatients at risk of drug-related problems (19).
Algorithms are known to support medication review
processes identifying and discontinuing potentially
inappropriate medications, which may otherwise lead
older population to harmful events (20). Algorithms
are liable to be automated and therefore able to support
a continuous, reproducible, and less time-consuming
medication review (21).

However, the definition of an algorithm tailored to the
Portuguese pharmacies’ information system is lacking.
In order to design an algorithm, criteria must be defined
based on the variables available on patient information
of electronic records. Therefore, the aim of this study
was to apply a type 1 medication review to a sample of
patients’ electronic medication records of a community
pharmacy. This medication review will then enable the
identification of clusters of patients in need of additional
pharmacy professional interventions, a first step toward
the design of a new decision algorithm.
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potencial de eficiéncia (13), proporcionando ganhos
de tempo com aumento da oferta deste servico e
desenvolvimento de novos servigos.

O inicio da Era Digital na década de 1960, marcada
pelo desenvolvimento da eletronica, da tecnologia
da informag¢@o e da produgdo automatizada, moldou
a pratica da farmdcia (14). Hoje em dia, a pratica da
farmacia comunitaria esta fortemente informatizada,
recolhendo informac¢des do doente de forma continua e
criando registos eletronicos de satide permanentemente
atualizados (15). Os registos eletronicos de saude
permitem o acesso em tempo real aos dados do doente,
como patologias, visitas a profissionais de saude,
imagens e relatdrios de diagnoéstico, possibilitando um
registo longitudinal completo dos cuidados de saude
prestados (15). Estes registos eletronicos de satde
podem afetar a tomada de decisdo, a forma como
profissionais de saiide e doentes interagem uns com 0s
outros, como as informagdes de saude sdo armazenadas
e usadas e como os doentes gerem a sua propria saude
através de aplicativos ou dispositivos eletronicos (16).

Para o farmacéutico comunitério, os registos eletro-
nicos de saude facilitam as revisdes terapéuticas e a
identificacdo de PRM (16). Métodos estruturados e sof-
twares apropriados sdo ferramentas importantes para
aumentar a efetividade do farmacéutico e melhorar os
resultados em saude (17,18). As bases de dados, que
armazenam os registos eletronicos de satde, podem ser
consultadas usando algoritmos de pesquisa, por exem-
plo, para selecionar doentes ndo aderentes ou doentes
que recebem medicamentos especificos (17), ou para
identificar doentes internados com risco de PRM (19).
Os algoritmos sao conhecidos por apoiar os processos
de revisao terapéutica, identificando e descontinuando
medicamentos potencialmente inadequados, que colo-
cam a populacdo idosa em risco (20). Os algoritmos
sdo passiveis de automatizagado e, portanto, capazes de
suportar a revisao terapéutica que se pretende continua,
reprodutivel e menos demorada (21).

No entanto, falta a definicdo de um algoritmo adaptado
ao sistema informatico das farmacias portuguesas. De
forma a desenhar um algoritmo, ¢ necessario definir os
critérios a utilizar com base na informacdo do doente
disponivel no registo eletronico. Assim, o objetivo deste
estudo foi aplicar uma revisdo terapéutica do tipo 1 a
uma amostra de registos eletronicos de medicamentos
de doentes de uma farmacia comunitaria. Esta revisao
terapéutica permitira, entdo, a identificagdo de clusters
de doentes que precisam de intervengdes farmacéuticas
adicionais, sendo este um primeiro passo para o projeto
de um novo algoritmo de decisdo.
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Materials and Methods

An exploratory retrospective observational study was
conducted performing a type 1 medication review
to electronic patient records. A convenience sample
was used, extracted from the database of electronic
medication records of a community pharmacy located
in the district of Lisbon. The following inclusion criteria
were used: records of continuous therapy in 12 months
(June 2017-July 2018); use of two or more chronic
prescription medications. Continuous therapy was
defined has having records for medication dispensation
fulfilling the expected duration of therapy without
interruption.

To perform medication reviews, the criteria of
necessity, effectiveness and safety of the 2nd Granada
Consensus were applied (22). Drug safety was assessed
with Sifarma™ software and included determination
of interactions and contraindications, and respective
level of severity. Degree of severity was classified as
minor, moderate or major. Sifarma™ software enables
to register and access patients’ dispensing history,
biomarkers, interactions, contraindications, and adverse
reactions (23). Potentially inappropriate medications
(PIM) were identified applying the Table 2 of Beers
criteria 2015 (24), to patients over 65 years of age,
classifying each drug as appropriate or inappropriate.
This table lists potentially inappropriate medications
for older adults outside the palliative care and hospice
setting, including medications to avoid for many or
most older adults, even in the absence of patient’s
diagnosis (25). These criteria were considered as not
applicable for patients under 65 years old. Duplication
of the same active substance or same therapeutic
class was also identified. The Summary of Product
Characteristics (SPC) of each medication was also
consulted to identify the need for monitoring and which
parameters to evaluate.

Statistical analysis of the data was performed using IBM
SPSS version 22 and Microsoft Excel. Significance
level was set to 5%. Non-parametric tests were
performed because there was no normal distribution
in all continuous variables. For categorical and ordinal
variables, Spearman correlations and Chi-Square tests
were used. Two-step cluster analysis was performed
to identify the number of possible clusters within the
sample. Patients had to sign an informed consent to have
their record stored at the pharmacy, where consent was
given to use anonymized data for research purposes. No
further consent was deemed necessary.
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Material e Métodos

Este ¢ um estudo exploratorio, observacional e
retrospetivo, cujo o objetivo foi realizar uma revisdo
terapéutica do tipo 1 em registos eletronicos de doentes.
Foi utilizada uma amostra de conveniéncia, extraida da
base de dados de uma farmacia comunitaria localizada
no distrito de Lisboa. Foram utilizados os seguintes
critérios de inclusdo: historico de terap€utica continua
em 12 meses (entre junho de 2017 a julho de 2018) ¢
utilizacdo de dois ou mais medicamentos cronicos. O
historico de terapéutica continua foi definido como a
existéncia de registos de dispensa de medicamentos que
cumprem com a duracgdo esperada da terapéutica sem
qualquer interrupgao.

Para realizar a revisdo terapéutica, foram aplicados
os critérios de necessidade, eficacia e seguranca
do 2° Consenso de Granada (22). A seguranca dos
medicamentos foi avaliada com o software Sifarma™ e
incluiu a determinacao de interacdes ¢ contraindicagdes,
e respetivo nivel de gravidade. O grau de gravidade
foi classificado como ligeiro, moderado ou grave.
O software Sifarma™ permite registar e aceder ao
historico de dispensa, biomarcadores, interagdes,
contraindicacdes e reacOes adversas dos doentes
(23). Os medicamentos potencialmente inapropriados
foram identificados aplicando-se a Tabela 2 dos
critérios de Beers 2015 (24), para doentes com mais
de 65 anos de idade classificando cada medicamento
como apropriado ou inapropriado. Esta tabela lista
os medicamentos potencialmente inadequados para
idosos fora do ambiente de cuidados paliativos e
lares, incluindo medicamentos a serem evitados para
muitos ou a maioria dos idosos, mesmo na auséncia de
registo do diagnostico (25). Para doentes com menos
de 65 anos, esses critérios foram considerados nio
aplicaveis. Também foi identificada duplicacdo da
mesma substincia ativa ou mesma classe terapéutica.
O Resumo das Caracteristicas do Medicamento (RCM)
de cada medicamento foi igualmente consultado
para identificar a necessidade de monitorizacdo de
biomarcadores e que parametros avaliar.

Aanalise estatistica dos dados foirealizadano IBM SPSS
versao 22 e Microsoft Excel. O nivel de significancia
foi estabelecido em 5%. Foram realizados testes nao
paramétricos, pois ndo houve distribuicdo normal em
todas as variaveis continuas. Para variaveis categdricas
e ordinais, foram utilizadas correlagdes de Spearman e
testes de Qui-quadrado. A analise de clusters em duas
fases foi realizada para identificar o nimero de clusters
possiveis na amostra. Os doentes tiveram de assinar um



Results

The final sample of electronic records eligible for type
1 medication review included 55 patients. 54.5% were
female and 45.5% were male. Mean age of the sample
was 65.67 years (SD 14.8) with a median of 68 years
[IQR: 55.0 — 77.0]. Age had a normal distribution
in women but not in men (Shapiro-Wilk; p = 0.634
women; p = 0.017 men). In this sample, men were on
average older than women, but the differences were not
significant (Mann-Whitney; p = 0.076) (Table 2). The
age variable was then categorized with a cut-off in the
Beers criteria (< 65 years; > 65 years).

The results revealed that 58.1% of patients in the
sample went to the pharmacy at least once a month.
Differences between genders in frequency of pharmacy
visits were not significant (p = 0.313). Despite the
positive correlation with age, in this sample, differences
between age groups and their visit frequency were also
not significant (Qui-square; p = 0.453).

A total of 289 drugs were analysed. The median
number of drugs used per patient was 5.0 [IQR: 3.0 —
7.0]. As the variable “number of drugs” had no normal
distribution (Shapiro-Wilk; p <0.0001), a new variable
was categorized considering the median and using the
numerical category most often used in polypharmacy
literature - 5 or more drugs (26). With this new variable,
it was found that 43.6% of patients used 4 drugs or less,
and 56.4% used 5 or more drugs. No differences were
identified in the number of drugs between genders
(Mann-Whitney; p = 0.725) (Table 2). Age had a
positive correlation with the patient's total number
of medications (Spearman’s coefficient = 0.345, p =
0.010).

Type 1 medication review showed that 87.3% of patients
in the studied sample had at least one medical condition
with measurable biomarkers, such as hypertension,
diabetes, dyslipidaemia, or asthma. All participants
over 65 years of age had one of these medical conditions
(p = 0.001), but having measurable biomarkers was
not associated with the number of medications taken
(Mann-Whitney; p = 0.279). Concerning 2015 Beers
criteria, 18.2% of the sample population was found to
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termo de consentimento livre e esclarecido para que
seus registos fossem armazenados na farmacia, onde
foi dado consentimento para o uso de dados anonimos
para fins de pesquisa. Nenhum consentimento adicional
foi considerado necessario.

Resultados

A amostra final de registos eletronicos elegiveis para
revisdo terapéutica do tipo 1 incluiu 55 doentes. Destes
54,5% eram mulheres e 45,5% homens. A média de
idade da amostra foi de 65,67 anos (DP 14,8) com
mediana de 68 anos [IQR: 55,0 — 77,0]. A idade teve
distribuicao normal nas mulheres, mas ndo nos homens
(Shapiro-Wilk; p = 0,634 mulheres; p = 0,017 homens).
Nesta amostra, os homens eram em média mais velhos
do que as mulheres, mas as diferencas nao foram
significativas (Mann-Whitney; p = 0,076) (Tabela 2). A
variavel idade foi entdo categorizada com um ponto de
corte nos critérios de Beers (<65 anos; > 65 anos).

Observou-se que 58,1% dos doentes da amostra visitou
a farmacia pelo menos uma vez por més. As diferencas
entre género na frequéncia de visitas a farmacia nao
foram significativas (p = 0,313). Apesar da correlagdo
positiva com a idade, as diferengas entre as faixas
etarias e a frequéncia de visitas também ndo foram
significativas (p = 0,453).

Um total de 289 medicamentos foi analisado. A
mediana do nimero de medicamentos usados por cada
doente foi de 5,0 [IQR: 3,0 - 7,0]. Como a variavel
“nimero de medicamentos” ndo teve distribuicao
normal (Shapiro-Wilk; p <0,0001), uma nova variavel
foi categorizada recorrendo a categoria numérica mais
utilizada na literatura de polifarmacia - 5 ou mais
medicamentos (26). Com esta nova variavel, verificou-
se que 43,6% dos doentes usavam 4 medicamentos ou
menos e 56,4% usavam 5 ou mais medicamentos. Nao
foram identificadas diferencas entre géneros quanto ao
numero de medicamentos (Mann-Whitney; p = 0,725)
(Tabela 2). A idade apresentou uma correlagao positiva
com o total de medicamentos do doente (coeficiente de
Spearman = 0,345, p =0,010)

A revisdo terapéutica tipo 1 revelou que 87,3% dos
doentes nesta amostra tinham pelo menos uma patologia
com biomarcadores mensuraveis, como hipertensao
arterial, diabetes, dislipidemia ou asma. Todos os
participantes com mais de 65 anos apresentavam uma
destas patologias (p = 0,001) mas ter biomarcadores
mensuraveis ndo estava associado ao numero de
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Table 2 - Dependent variable distribution by gender and age group
Tabela 2 - Distribuicao das variaveis dependentes por sexo e grupo etario

Gender / Género Age group / Grupo Etario
lf:;lia:;g Mla\l/::fli/no < 65 years / anos | > 65 years / anos

N (%) 30 (54.5%) 25 (45.5%) 22 (40.0%) 33 (60.0%)
Mean age (SD) / Média da Idade (DP) 62.6 (14.8) 69.4 (12.4) 51.1 (8.5) 75.4 (6.5)
Median of medicines used (IQR) /
Mediana do nimero de medicamentos | 4.5 (3.0—-7.3) 5.0(3.5-6.5) 4.0(3.0-5.0) 5.0(3.0-8.5)
usados (IQR)
Frequency of pharmacy visits /
Frequéncia de visitas a farmacia
< 5 visits per year / visitas por ano 2 (6.7%) 2 (8.0%) 2 (9.1%) 2 (6.1%)
6-12 visits per year / visitas por ano 12 (40.0%) 7 (28.0%) 10 (45.5%) 9 (27.3%)
13-23 visits per year / visitas por ano 10 (33.3%) 14 (56.0%) 7 (31.8%) 17 (51.5%)
>24 visits per year/ visitas por ano 6 (20.0%) 2 (8.0%) 3 (13.6%) 5 (15.2%)

Moderate interactions /
Interagdes moderadas
29.1%

Minor interactions/
Interacdes ligeiras
34.5%

Major interactions /
Interacoes graves
1.8%

No interactions /
Sem interacdes
34.5%

Figure 1 - Frequency of medication interactions based on level of severity (n=55)
Figura 1 - Frequéncia das interagdes segundo o grau de gravidade (n = 55)

take inappropriate drugs. Gender differences in Beers
criteria were not significant (p = 0.148), yet a positive
correlation between the number of drugs and the Beers
criteria was found (Spearman coefficient 0.322; p =
0.017). When analysing drug interactions, 30.9% were
found to have moderate or major interaction potential.
Figure 1 shows the distribution of degrees of severity
of drug interactions. No differences in the degree of
severity of interaction were observed between the
age groups (p=0.388), between genders (p=0.681), or
patients with or without measurable biomarkers (p =
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medicamentos consumidos (Mann-Whitney; p=0,279).

Em relacdo aos critérios de Beers de 2015, identificou-
se que 18,2% da amostra apresentava medicamentos
inapropriados. As diferencas de género nos critérios de
Beers ndo foram significativas (p = 0,148), mas uma
correlagdo positiva entre o nimero de medicamentos e
estes critérios foi encontrada (coeficiente de Spearman
0,322; p=10,017).

Ao analisar as interacdes medicamentosas, verificou-
se que 30,9% apresentavam um potencial de interacao



0.841). However, as with the Beers criteria, a positive
correlation was found between the number of drugs and
the severity degree of interactions (Spearman coefficient
0.671; p <0.001). The more medications one uses, the
greater the likelihood of serious interactions. Another
positive correlation was found between the severity
of the interactions and Beers criteria (Spearman's
coefficient = 0.343, p = 0.010), which means that
patients with Inappropriate Beers criteria had also a
higher likelihood of using medications with moderate
or major interactions.

Multicollinearity was also assessed. The highest
Variance inflation factor (VIF) was 2.58 for age and
number of medications. The literature considers this
value to be an acceptable value, indicative of low
multicollinearity. After the descriptive analysis, to
uncover possible patient clusters in this sample we
performed a two-step cluster analysis. Considering the
statistical analysis, the variables included in the model
for the two-step cluster analysis were severity degree of
interactions, severity degree of contraindications, Beers
criteria, number of drugs used and medical condition
with measurable biomarkers.

Four clusters and one outlier patient were identified,
with the characteristics presented in Table 3. Figure 2
details the importance of the variables in the model.
These clusters allowed to identify the proportion of
patients who could benefit from different pharmaceutical
interventions and their degree of urgency or priority.

Discussion

In this study, a type 1 medication review was
performed using a sample of patients’ EHRs within a
community pharmacy database. This review enabled
the identification of patient clusters. These clusters led
us to propose different pharmaceutical interventions
suitable to the perceived associated risk. For instance,
two clusters (2 and 3), representing 36.3% of patients,
could benefit from a type 2A review, while another
cluster (cluster 4) comprising 30.9% of patients would
only need to measure their biomarkers to assess the
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moderado ou grave. A Figura 1 mostra a distribui¢ao
dos graus de gravidade das interagdes medicamentosas.
Nao foram observadas diferengas no grau de gravidade
da interagdo entre os grupos etarios (p = 0,388), sexo
(p = 0,681) ou doentes com ou sem biomarcadores
mensuraveis (p = 0,841). Contudo, tal como nos
critérios de Beers, foi encontrada uma correlagdo
positiva entre o niumero de medicamentos € o grau
de gravidade das interagdes (coeficiente de Spearman
0,671; p <0,001). Quanto mais medicamentos se usa,
maior a probabilidade de interagdes graves. Outra
correlagdo positiva foi encontrada entre a gravidade
das interagdes e os critérios de Beers (coeficiente de
Spearman = 0,343, p = 0,010), ou seja, os doentes
com medicamentos inapropriados apresentaram maior
probabilidade de usar medicamentos com interagdes
moderadas ou graves.

A multicolinearidade foi também avaliada. O maior
Fator de Inflagdo de Variancia obtido foi para a variavel
idade com o niimero de medicamentos (VIF=2,58). A
literatura considera este um valor aceitavel, indicativo
de baixa multicolinearidade. Apos a analise descritiva,
e de forma a encontrar os possiveis clusters de doentes
nesta amostra, foi realizada uma analise de cluster em
duas etapas (two-step cluster analysis). As variaveis
incluidas no modelo para a analise de cluster em duas
etapas foram: grau de gravidade das interagdes, grau
de gravidade das contraindicagdes, critérios de Beers,
nimero de medicamentos usados e biomarcadores
mensuraveis.

Foram identificados quatro clusters e um doente outlier,
com as caracteristicas apresentadas na Tabela 3. A
Figura 2 detalha a importancia das variaveis no modelo.
A andlise de clusters permitiu, assim, identificar a
propor¢ao de doentes que poderia beneficiar de uma
intervencdo farmacéutica diferente e o seu grau de
urgéncia ou prioridade.

Discussio

Neste estudo, realizou-se uma revisdo terapéutica tipo 1
usando uma amostra de registos eletronicos de doentes
de uma base de dados de farmdcia comunitéria. Esta
revisdo permitiu a identificacdo de clusters de doentes.
Para cada cluster de doentes podem ser propostas
diferentes intervengdes farmacéuticas de acordo com a
percecdo do risco associado. Por exemplo, dois clusters
(2 e 3), representando 36,3% dos doentes, poderiam
beneficiar de uma revisdo do tipo 2A, enquanto outro
cluster (4), compreendendo 30,9% dos doentes,
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Table 3 - Clusters identified and their characteristics (n=55)

Tabela 3 - Clusters identificados e suas caracteristicas (n = 55)

Cluster N (%) | Criteria Critérios
. o 1 3 0,
Minor interactions (100%) . gltzzgzestggg;rzs (lr(r)lobf])mar adores mensurdvei
Medical condition with measurable biomarkers (100%) (1%00/@) 0 medica co omarcadores mensuravels
. . . . . . 0
Med1c1ne?s u§ed (Med1ar.1, LIQR)): 5.0; [4.0-6.0] . . Medicamentos usados (mediana; [IQR]): 5,0; [4,0-6,0]
1 17 (30.9) | * Beers Criteria: Not applicable (41.2%); appropriate . Critérios de Beers: Nao aplicavel (41,2%); apropriado
(VAT : 0, . 5470),
. gj 'Soﬁigiﬁgﬁﬁzt;gzj )/'O)minor (23.5%); moderate (35,3%); improprio (23,5%)
(5.9%) e e . Sem contraindicagdes (70,6%); ligeiras(23,5%);
o moderadas (5,9%)
. o 0,
Moderate interactions (100%) . gltzzqzesg(;?e;ada;(é?m)r adores mensurdvei
. Medical condition with measurable biomarkers (100%) (1%00/@) 0 medica co omarcadores mensuravels
. . . . . . n 0
2 1221.8) |- g[:;lscgﬁfelrlis; d ;ﬁiﬂg?;g%?;; 59}52;;:0%2]“6 . Medicamentos usados (mediana; [IQR]): 8,0; [5,0-10,0]
. = . 0 . . . .
’ . Critérios de Beers - apropriado (58,3%); Inapropriado
(41.7%)
s . (41,7%)
0, . 0, .
g(; c;g}qgralndlcatlons (50.0%); minor (16.7%); moderate | Sem contraindicagdes (50,0%); ligeiras(16,7%);
o moderadas (33,3%)
No interactions (25.0%); minor (25.0%); moderate . Sem interagdes (25,0%); ligeiras (25,0%); moderadas
(50.0%) (50,0%)
Medical condition without measurable biomarkers . Condi¢do médica sem biomarcadores mensuraveis
3 8 (14.5) (87.5%); with measurable biomarkers (12.5%) (87,5%); com biomarcadores mensuraveis (12,5%)
Medicines used (Median; [IQR]): 4.0; [3.0-6.5] . Medicamentos usados (mediana; [IQR]): 4,0; [3,0-6,5]
Beers Criteria: not applicable (100%) . Critérios de Beers: ndo aplicavel (100%)
. No contraindications (87.5%); moderate (12.5%) . Sem contraindicac¢des (87,5%); moderadas (12,5%)
. . . Sem interagdes (100%)
No interactions (100%) A . .
Medical condition with measurable biomarkers (100%) (Cl%%(i/lq)ao médica com biomarcadores mensurdveis
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. Medical condition with measurable biomarkers . Condig¢do médica com biomarcadores mensuraveis
Outlier 1(1.8) Medicines used: 7 . Medicamentos usados: 7
Beers Criteria: inappropriate . Critérios de Beers: Inapropriado
. Major contraindications . Contraindicacdes graves

Pathology with measurable parameters /
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Total de medicamentos utilizados pelo paciente
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Critérios BEER
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Figure 2 - Variables used in the model and their importance
Figura 2 - Varidveis usadas no modelo e a sua importancia
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effectiveness of the therapy. The medication review
also identified one high risk patient requiring an
urgent type 2A medication review. The results showed
that all of the patients in this sample could benefit
from professional intervention beyond the basic
medication dispensing service. Our analysis showed
that while 69% could benefit from more advanced
interventions, simple interventions already integrated
in day-to-day pharmacy practice would be suitable
for 31% of patients. These services are low-cost, and
have the potential to yield a high degree of patient
engagement and satisfaction, critical for a successful
longitudinal provision of services (27). The high
frequency of visits to the pharmacy (1 to 2 times a
month), especially in patients who use a higher number
of chronic medications, gives community pharmacists
the opportunity to provide such professional services
without scheduling additional visits. This high
frequency is common in the community setting and has
been reported in other studies (28-30). Moreover, this
high degree of patient-pharmacist interaction represents
opportunities to provide additional care. Consistent
registration of biomarkers in the patient's electronic
record would allow the assessment of the effectiveness
of therapies, which our study could not characterize
due to the absence of biomarker records. The quality
of information held within patient medication records
affects the efficiency of new service provided. With
more accurate and complete records, the more patient-
centered approaches can be taken, with reduced
duplication of effort (31).

The main causes of DRP assessed were related to
safety — drug interactions, contraindications, and
drug appropriateness. DRP identification is one of
the first steps in therapeutic optimization, followed
by its classification and resolution by the pharmacist
or prescriber. As the four cluster model shows, the
most important factor in cluster creation was drug
interactions. This finding led us to consider the outlier
patient as a high risk patient that was undetected at the
time of dispensition of medication but in urget need
of a type 2A medication review. The use of Sifarma™
software in the medication review proved to be useful,
as it adds a degree of severity to the causes of DRPs,
helping to prioritize patients and define the professional
intervention of the pharmacists most suited to them.
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precisaria apenas de medir os seus biomarcadores
viabilizando assim a avaliagdo da efetividade da
terapéutica. Além disso, a revisdo terapéutica
identificou um doente de alto risco, exigindo uma
revisdo urgente do tipo 2A. Os resultados mostraram
que praticamente todos os doentes desta amostra
poderiam beneficiar de outra intervencao profissional
além do servigo de dispensa de medicamentos. A nossa
analise mostra que cerca de 69% dos doentes requerem
uma intervencao avancada, enquanto 31% dos doentes
seriam elegiveis para intervengdes simples ja integradas
na pratica farmacéutica. Esses servigos sdo de baixo
custo, mas tém o potencial de gerar um elevado grau
de envolvimento e satisfacdo do doente, essenciais para
uma prestacao de servigos longitudinal bem-sucedida
(27). A elevada frequéncia de visitas a farmacia (1 a 2
vezes por més), principalmente dos doentes que usam
um maior nimero de medicamentos cronicos, da aos
farmacéuticos comunitarios a oportunidade de prestar
servigos profissionais sem agendamento de consultas
adicionais. Essa elevada frequéncia ¢ comum em
ambulatorio e também foi encontrada em outros estudos
(28-30). Além disso, esse elevado grau de interagao
farmacéutico-doente possibilita a prestacdo de cuidados
adicionais. O registo consistente de biomarcadores no
registo eletronico do doente permitiria avaliar a eficacia
da terapia, que o nosso estudo ndo pode caracterizar
devido a auséncia de registos desses biomarcadores.
A qualidade da informagcdo mantida nos registos
eletronicos do doente afeta a eficiéncia da prestagdo de
Novos Servigos, pois quanto mais precisos e completos
forem, mais abordagens focadas nos doentes podem ser
realizadas e com menor duplicacdo de esforcos (31).

As principais causas de PRM avaliadas foram
relacionadas com a seguranga - interagdes
medicamentosas, contraindica¢des ¢ adequagdo dos
medicamentos. A identifica¢do de PRM ¢é uma das
primeiras etapas na otimizagdo terapéutica seguida
da sua classificagdo e resolugdo pelo farmacéutico ou
prescritor. Como mostra o modelo de quatro clusters,
o fator mais importante para decidir a integracdo em
determinado grupo foram as interagdes medicamentosas.
Esta observagdo levou-nos a considerar o doente
outlier como representando doentes de alto risco que
ndo foram sinalizados no momento da dispensa, e
que beneficiariam de uma revisdo terapéutica tipo 2A
urgente. O uso do software Sifarma™ mostrou-se util
na revisao terapéutica, pois associa o grau de gravidade
as causas de PRM, auxiliando na priorizagdo dos
doentes e na defini¢do da intervencdo profissional da
farmécia mais adequada.
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Among the barriers to implementation of new pharmacy
services thoroughly identified in the literature, lack of
time is constantly cited as one of the most important
(11,12). To overcome this barrier, Information
Technologies would be a very welcome tool (13).
Hence, the need to use an algorithm to identify patients
for advanced interventions, integrating a new customer
relationship service in the pharmacy workflow without
massive disruption, is evident. Having an automated
algorithm able to find such patients that would
complement current information systems would be an
obvious benefit for any pharmacy and pharmacist. In
order to help pharmacists in the provision of medication
reviews without increasing workload, full automation of
type 1 medication review is desirable. This non-clinical
review addresses simple issues related to the medication
to highlight more complex issues requiring other types
of reviews or services. A computerised system based
on an algorithm might support a less time-consuming,
continuous, and reproducible type 1 medication review
(18). The automation of a type 1 medication review
involves screening the pharmacy database (from
Sifarma™), identifying groups of patients based on
predefined criteria, and the suggestion of a professional
service. Nevertheless, the full automation of all
types of medication reviews cannot be foreseen. No
automation replaces pharmacist's assessment. However,
accessibility to well-kept electronic patient records
is essential for the use of queries and a starting point
for criteria-based algorithms (18). Machine Learning,
and its ability to use algorithms capturing complex,
nonlinear relationships in data, could then make this
goal more feasible and efficient (13). We consider that
this study was a step in this direction. Future studies
on this topic should focus on testing an automated
algorithm based on the criteria here identified, assessing
its validity, pertinence, and impact on the pharmacy
practice. Its use in pharmacy daily practice will enable
continuous improvements and more accurate outcome
measurement.

This study presents some limitations that must be
acknowledged. In spite of the low number of patients in
the sample, we consider that it is relevant to show the
potential use of the information and data available in the
pharmacy's electronic records, since this information is
collected consistently over time but remains untapped.
However, the low number of patients in the sample
hinders the extrapolation of the medication review
results to the general population. The frequency and
degree of contraindications and interactions are not
generalizable. Moreover, most of the drugs targeted
for review were solid oral dosage forms, but it is also
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De entre as barreiras para implantagdo de novos servigos
de farmacia amplamente identificadas na literatura, a
falta de tempo ¢ constantemente citada como uma das
mais importantes (11,12). Para superar essa barreira,
as tecnologias de informagdo serdo uma ferramenta
muito bem-vinda (13). Assim, consideramos evidente
a necessidade de utilizar um algoritmo para identificar
doentes para intervengdes avancadas, integrando assim
um novo servico de relagdo com o cliente no fluxo de
trabalho da farmacia sem grande disrupgdo. Dispor
de um algoritmo automatizado capaz de sinalizar os
doentes, complementando o sistema informatico atual,
constitui uma vantagem Obvia para qualquer farmacia
e farmacéutico. A fim de ajudar os farmacéuticos na
prestacdo de servigos sem aumentar a carga de trabalho,
¢ desejavel a automatizagdo da revisdo terapéutica do
tipo 1. Estarevisao, nao clinica, aborda questdes simples
relacionadas com a medicagdo evidenciando questdes
mais complexas para outro tipo de revisdo ou servico.
Ja existe evidéncia que um algoritmo informatizado
pode suportar revisdes terapéuticas menos demoradas,
continuas e reprodutiveis (18). A automatizagdo da
revisdo terapéutica do tipo 1 envolve a triagem da base
de dados da farmacia (Sifarma™), a identificacdo de
grupos de doentes com base em critérios pré-definidos
e a sugestdo de um servigo profissional. No entanto,
ndo ¢ previsivel a automatizacdo de todos os tipos de
revisoes terapéuticas. Nenhuma automatizagao substitui
a avaliacdo do farmacéutico. Ja a acessibilidade aos
registos eletronicos dos doentes € essencial para o uso de
queries e um ponto de partida para algoritmos baseados
em critérios (21). Dessa forma, o recurso ao Machine
Learning com a sua capacidade de usar algoritmos que
capturam relagdes complexas e ndo lineares em bases de
dados, pode viabilizar esse objetivo (13). Consideramos
que este estudo foi um passo nessa direc¢ao. Estudos
futuros sobre este topico devem concentrar-se em testar
um algoritmo automatizado baseado nos critérios aqui
identificados, avaliando a sua validade, pertinéncia e
impacto na pratica farmacé€utica. A sua utilizacdo na
pratica diaria da farmacia permitira melhorias continuas
e uma medi¢@o mais precisa dos resultados.

Este estudo apresenta algumas limitagdes que devem
ser consideradas. Apesar do baixo nimero de doentes
na amostra, consideramos relevante mostrar o potencial
de utilizacdo da informagdo e dados disponiveis nos
registos eletronicos da base de dados da farmacia, uma
vez que essas informagdes sdo recolhidas de forma
consistente ao longo do tempo, mas permanecem
inexploradas. Contudo, o baixo numero de doentes
na amostra dificulta a extrapolagdo dos resultados da
revisdo de medicamentos para a populacdo em geral.



necessary to pay attention to non-solid dosage forms.
This may have an impact in determining the severity of
interactions, since the software only identifies the drug
interaction, leaving the assessment of its importance
to the pharmacist. In addition, the identification of
potentially inappropriate medications would have been
more complete if there had been access to the respective
patient’s diagnosis, as has been noted in a previous
study (25). Nevertheless, Lavrador et al. (25) found that
although restricted access to patients’ diagnoses may
limit the judgement of Beers PIM-qualifying criteria,
this limitation had no effect on the number of PIM
identified. This finding confirms that the identification
of PIM even without diagnostic information is feasible
and should be performed.

The definition of clusters using two-step cluster
analyses can also be questioned. Although this
method is essentially descriptive and therefore
adapted to the exploratory analysis here reported,
part of the assumptions for its validity, namely the
normal distribution of continuous variables, were
not present. However, as the variables included were
independent from each other, the categorical variables
had a multinomial distribution, and there was a low
multicollinearity degree assessed by the VIF, it is
possible that, even if all the assumptions are not fully
met, the resulting clusters are still valid (32). As the
objective was to identify clusters in this sample,
the results presented here can only be applied to the
pharmacy where the study took place. The rational for
attributing pharmaceutical services to each cluster is
also open for debate. Our choice was determined by
our view of the medication review process, where type
1 medication review implies the identification of DRPs
and making recommendations. The screening of the
pharmacy database, the criteria that allow signalling the
patients, an output that identifies the patient, the reasons
for the signalling and the suggestion / recommendation
of a professional service are the necessary cornerstones
of a future intervention. Based on this output, the
pharmacist must assess the situation, schedule the
service and provide it, registering new information that
will then feed into the algorithm, providing the basis
for a “roundabout” strategy for customer loyalty as well
as a contribution to the sustainability of the pharmacy.
Future medicationreviews using an automated algorithm
in a larger set of pharmacies with a higher number of
patients should validate the identified clusters.
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A frequéncia e o grau de contraindicagdes e interagdes
ndo sdo generalizaveis. Além disso, a maioria dos
medicamentos alvo de revisdo terapéutica eram formas
farmacéuticas orais solidas, mas também ¢é necessario
prestar atengdo as formas farmacéuticas nao solidas.
Isso pode ter impacto na determinagdo da gravidade das
interagdes, uma vez que o software apenas identifica a
interagdo medicamentosa, cabendo ao farmacéutico
a avaliacdo da sua importancia. No que respeita
a identificagdo de medicamentos potencialmente
inadequados (MPI) teria sido mais completa se houvesse
acesso ao respetivo diagnodstico do doente, conforme
citado em estudo anterior (25). No entanto, Lavrador
et al. (25) verificaram que, embora a falta de acesso
aos diagnodsticos dos doentes possa limitar a aplicac@o
dos critérios de qualificacdo de Beers, esta limitagdo
ndo teve efeito no numero de MPI identificados.
Este resultado confirma que a identificagdo de MPI,
mesmo sem diagnoéstico, é viavel e deve ser realizada.

A definicdo de clusters por meio da analise de clusters
em duas fases pode também ser questionada. Apesar
deste método ser essencialmente descritivo e por isso
adaptado a analise exploratéria aqui reportada, parte
dos pressupostos para a sua validade, nomeadamente a
distribui¢do normal das variaveis continuas, ndo foram
observados. Contudo, como as varidveis incluidas
eram independentes, as variaveis categéricas tinham
uma distribui¢do multinominal e houve um baixo grau
de multicolinearidade avaliado pelo VIF, é possivel
que, mesmo que todos os pressupostos nao sejam
completamente cumpridos, os clusters resultantes
continuem a ser validos (32). Como o objetivo foi
identificar clusters nesta amostra, os resultados aqui
apresentados s6 podem ser aplicados na farmacia
onde ocorreu o estudo. De igual forma, o racional
para atribuir servigos farmacéuticos a cada cluster esta
aberta a debate. A sugestdo de servicos apresentada
foi determinada pela nossa visdo do processo de
revisdo terapéutica, onde a revisdo do tipo 1 implica
a identificacdo de PRM, ou causas de PRM, e fazer
recomendagdes que permitam a sua resolugdo. A
triagem da base de dados da farmacia, os critérios que
permitem sinalizar os doentes, um output que identifica
o doente, os motivos da sinalizagdo e a sugestdo /
recomendac¢do de um servigo profissional sao os pilares
necessarios para uma futura intervengdo farmacéutica.
Com base neste output, o farmacéutico deve avaliar
a situacdo, agendar o servigo e presta-lo, registando
nova informagdo que alimenta o algoritmo, fornecendo
a base para uma estratégia de “carrossel” (i.e., ciclo
continuo de prestagdo de servicos farmacéuticos de
acordo com as necessidades) para fidelizar o cliente ¢
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Conclusions

Current pharmacy practice generates a wealth of
information regarding patients that is underused.
To provide more and better professional services,
community pharmacists need tools and systems that
can analyse this information, processing data easily,
quickly, and continuously.

The type 1 medication review conducted in the
patients’ electronic records of a pharmacy, using
the Sifarma™ system, alerted to drug interactions
and contraindications that, combined with the Beers
criteria, allowed the identification of potential DRPs.
The statistical analysis then allowed the grouping of
patients into clusters, enabling their prioritization and
subsequent suggestions of pharmaceutical interventions
according to their health needs.

With current IT technology, we were able to identify
patients who could benefit from professional
pharmaceutical services, select the most appropriate
intervention, and suggest their scheduling according to
the frequency of the patients’ visits to the pharmacy.
Further studies will include the testing of a new IT
tool to allow continuous screening of the pharmacy
database to identify patients at risk who will benefit
most from the professional services of the pharmacy.
With an algorithm-based system and new pharmacy
workflows, the ubiquitous barrier of lack of time can
be overcome, enhancing the community pharmacist’s
ability to contribute to the quality use of medications.

Authors Contributions Statement

LR, conceptualization and study design; MM and LL,
experimental implementation; LR, MM, and JG, data
analysis; LR and JG, drafting, editing and reviewing;
LR, figures and graphics; JG, supervision and final
writing.

80

também contribuir para sustentabilidade da farmacia.
Futuras revisdes terapéuticas usando um algoritmo
automatizado num conjunto alargado de farmacias com
um maior nimero de doentes permitirdo validar os
clusters identificados.

Conclusoes

A Farmacia de hoje tem uma riqueza de informacao
sobre seus utentes que esta subutilizada. Para fornecer
mais e melhores servigos profissionais, os farmacéuticos
comunitarios precisam de ferramentas e sistemas que
analisem esses dados e processem a informagdo de
forma facil, rapida e continua.

A revisao da medicagdo tipo 1 realizada nos registos
eletronicos dos doentes da farmacia usando o sistema
Sifarma™ alertou para interagdes de medicamentos e
contraindicagdes que conjugadas com os critérios de
Beers, permitiu identificar potenciais PRM. A analise
estatistica realizada permitiu o agrupamento dos
doentes em clusters, possibilitando a sua priorizagdo ¢
posterior defini¢do de intervencdes farmacéuticas em
funcao das suas necessidades de satde.

Com as tecnologias de informagdo atuais, pudemos
identificar os doentes que podem beneficiar de servigos
profissionais da farmacia, selecionar a interveng¢ao mais
adequada e sugerir o seu agendamento de acordo com a
frequéncia de visita do doente a farméacia. Os proximos
desenvolvimentos consistirdo em testar uma nova
ferramenta informatica que permita triagem continua
da base de dados da farmacia com a identificacdo dos
doentes em risco que mais beneficiardo dos servicos
profissionais da farmacia. Com um sistema baseado
num algoritmo e novos fluxos de trabalho na farmacia,
a barreira omnipresente da falta de tempo podera ser
superada, aumentando a capacidade de o farmacéutico
comunitario contribuir para o uso correto, eficaz e
seguro de medicamentos.
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Abstract

Fermented foods, such as kefir, tend to be characterized by their unique flavor and aroma. Sensory perception of this
type of food or beverage is a key factor for the general consumer acceptance of the product, which can be assessed
through sensory tests. Conventional sensory tests include acceptance tests where consumers, not trained panelists, are
asked to express their degree of like on a hedonic scale, where the level of acceptability of foods does not require a
choice between alternatives. The most commonly used scale for testing consumer acceptability of foods is the 9-point
hedonic scale. An average score of 7 or higher on the acceptability test indicates a high sensory quality and represents
a good acceptance of the product by the panel. This study aimed to evaluate the acceptance of a kefir drink in a sample
of Portuguese consumers. The acceptability test of the kefir obtained by fermentation of Portuguese milk with CIDCA
AGKI kefir grains was conducted in a group of 19 consumers using a 9-point hedonic scale and produced a mean score
of 7.00 = 1.15, which correlates with a qualitative rating of “Like moderately.” This work is part of an ongoing study,
designated DermapBio, conducted by our research center, with an aim to evaluate the benefits of kefir ingestion for
cutaneous health.

Keywords: Kefir, fermented dairy, sensory perception, acceptability test, hedonic scale

Resumo

Alimentos fermentados, como o kefir, tendem a ser caracterizados pelo seu sabor e aroma tinicos. A percep¢ao sensorial
deste tipo de alimento ou bebida ¢ um fator chave para a aceitagdo geral do produto pelo consumidor, e pode ser avaliada
por testes sensoriais. Testes sensoriais convencionais incluem testes de aceitacdo, onde os consumidores, provadores
nao treinados, sdo solicitados a expressar o grau de preferéncia numa escala heddnica que nao exige uma escolha entre
alternativas. A escala mais vulgarmente usada para testar a aceitagdo de alimentos pelo consumidor ¢ a escala hedonica de
9 pontos. Uma pontuacdo média igual ou superior a 7 no teste de aceitabilidade indica uma elevada qualidade sensorial
e representa uma boa aceitagdo do produto pelo painel. Este estudo teve como objetivo avaliar a aceitacao da bebida
kefir numa amostra de consumidores portugueses. O teste de aceitabilidade do kefir, obtido pela fermentagdo de um leite
portugués com graos de kefir CIDCA AGK1, foi realizado num grupo de 19 consumidores usando uma escala heddnica
de 9 pontos, produziu uma pontuagdo média de 7,00 + 1,15, o que se correlaciona com uma avaliacdo qualitativa de
“Moderadamente agradavel”. Este trabalho enquadra-se num estudo in-use que pretende avaliar os beneficios da ingestao
de kefir para a saude cutinea, conduzido pelo nosso centro de investigacao e codificado como DermapBio.

Palavras-chave: Kefir, leite fermentado, percepgao sensorial, teste de aceitabilidade, escala hedonica
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Introduction

Kefir is a unique fermented, slightly carbonated, dairy
beverage known for its organoleptic characteristics. It
originated from the Caucasus, and has been traditionally
consumed for centuries in several countries in Eastern
Europe (1). Traditional production uses kefir grains
as a natural starter, which differentiates this beverage
from other fermented milk (2). Kefir can be made from
different kinds of milk (cow, goat, sheep, camel, buffalo)
and is characterized by an acid and slightly yeasty taste
which, combined with the carbon dioxide produced by
the yeast flora, confers a prickly sensation that can be
considered as its typical flavor (3). Fermented foods,
such as kefir, tend to be characterized by their unique
flavor and aroma (3). Sensory perception of this type of
food is a key factor for the general consumer acceptance
of such products, and can be assessed by sensory tests
(4,5). In the food industry, sensory evaluation methods
used in dairy products include affective or consumers
tests, among others (6). By definition, these tests are
applied only to a naive (untrained) panel, since trained
panels are potentially more critical and more sensitive
than the average consumer, thus ceasing to be considered
a typical consumer assessment (4). Affective tests are
used to assess consumer likes and dislikes, and the most
typical are preference tests and acceptance tests (5,7). In
preference tests, consumers are presented with several
samples and are required to choose between them,
that is, a preference must be indicated. In acceptance
tests, also called degree of liking, consumers are asked
to indicate the degree of liking on a scale where the
degree of acceptability of foods does not require a
choice between alternatives (4,7). The most commonly
used scale for testing consumer acceptability of foods
is the 9-point hedonic scale (8-12). This scale can be
presented numerically or verbally, horizontally or
vertically, although such structural variations have no
critical effect on the results (13). It is a bipolar scale
with four positive and four negative categories on each
side of a neutral center. The hedonic scale uses the
anchors like and dislike, thus assuming a continuum
degree of affection in the consumers’ preferences which
can be categorized based on the like/dislike answers.
This approach provides information on the product
in a broader sense then a simple choice of yes or no
(7,13). In rating scales, the selection of the anchor
words must be meaningful and clear to the participants,
must be related to the specific scale, and must prevent
misinterpretation. Scoring in these scales is used with
the main purpose of determining the magnitudes of the
differences identified (14). In the 9-point hedonic scale,
answers are usually assigned values between 1 and 9,
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Introducao

Kefir ¢ uma bebida lactea fermentada, um pouco
efervescente, conhecida pelas suas caracteristicas
organolépticas unicas, originaria do Céucaso e
tradicionalmente consumida desde ha séculos em
varios paises do Leste Europeu (1). A sua produgdo
tradicional usa grdos de kefir como iniciador, o que
diferencia esta bebida de outros leites fermentados
(2). O kefir pode ser feito a partir de diferentes
tipos de leite (vaca, cabra, ovelha, camelo, bufalo)
e ¢ caracterizado por um sabor acido e levemente
fermentado que, combinado com o diéxido de carbono
produzido pelas leveduras, lhe confere uma sensacio
de efervescéncia e que pode ser considerado como o
seu sabor tipico (3). Alimentos fermentados, como
o kefir, tendem a ser caracterizados pelo seu sabor ¢
aroma unicos (3). A percepgdo sensorial, desde tipo
de alimento é um fator chave para a aceitagdo destes
produtos pelo consumidor em geral e pode ser avaliada
por testes sensoriais (4,5). Na indGstria alimentar, os
métodos de avaliagdo sensorial usados em laticinios
incluem, entre outros, testes afetivos ou de consumo.
Por defini¢do, estes sdo aplicados apenas a um painel
ingénuo (ndo treinado), uma vez um painel treinado ¢é
potencialmente mais critico e mais sensivel do que o
consumidor médio, deixando assim de ser considerado
avaliag@o tipica de consumidor (4). Testes afetivos sdo
usados para avaliar o gosto/ndo gosto do consumidor,
sendo os mais comuns, os testes de preferéncia e os
testes de aceitacdo (5,7). Nos testes de preferéncia os
consumidores sdo apresentados a varias amostras e
sdo obrigados a escolher entre elas, ou seja, deve ser
indicada uma preferéncia. Nos testes de aceitagdo,
também denominados grau de gosto, os consumidores
sdo solicitados a indicar o grau de gosto numa escala em
que o grau de aceitabilidade dos alimentos ndo requer
uma escolha entre alternativas (4,7). A escala mais
comummente usada para testar a aceita¢do de alimentos
pelo consumidor é a escala hedonica de 9 pontos (8-
12). Esta escala pode ser apresentada numérica ou
verbalmente, horizontal ou verticalmente embora tais
variacdes estruturais ndo tenham efeito critico sobre
os resultados (13). E uma escala bipolar com quatro
categorias positivas e quatro negativas de cada um dos
lados de um centro neutro. A escala hedonica usa as
palavras ancora gosto e ndo gosto, assumindo assim um
grau continuo de afeto das preferéncias do consumidor
que pode ser categorizado com base nas respostas gosto/
ndo gosto, fornecendo informagdes sobre o produto
num sentido mais amplo, em vez de uma simples
escolha de sim ou ndo (7,13). Nas escalas de avaliagao,
a selegdo das palavras ancora deve ser significativa



where a value of 1 correlates with “dislike extremely”
and a value of 9 with “like extremely”. Using this score,
a mean value of 7 or higher is usually indicative of a
high sensory quality, resulting in a good acceptance of
the product (7, 15). When compared to other scaling
methods, this scale is a robust way of estimating
consumer like due to its simple yet sensitive categories
of discriminating power. Its limited number of options
also makes it suitable and easy to use for both trained or
untrained panelists, thus justifying its wide acceptance
(8,14,15). Therefore, when the primary objective of a
study is to predict consumer acceptance, the 9-point
hedonic scale has proven to be a simple and effective
measuring device (8). Based on the fact that the
consumption of kefir is not a typical food habit of the
Portuguese population, this study aimed to evaluate the
acceptance of this beverage in a sample of Portuguese
consumers. This work is framed by a study regarding
the cutaneous health benefits of kefir intake currently
being conducted by our research team and designated
as DermapBio .

Materials and Methods

Kefir beverage was prepared by fermenting semi-skim
ULHT Portuguese cow’s milk (purchased at a local
supermarket) using CIDCA AGKI1 kefir grains for
24 hours at 20 °C. CIDCA AGKI kefir grains were
obtained from the Centro de Investigacion y Desarrollo
en Criotecnologia de Alimentos (CIDCA), La Plata,
Argentina. The microbiological characterization of
these grains has been described elsewhere (16-18).
All volunteers were recruited from the DermapBio
study conducted at our research centre, thus being a
convenience sampling. Due to the fact that this work is
part of an in-use study where kefir was consumed, we
considered this an exploratory study. The study protocol
was submitted to and approved by the ethics committee
of the School of Sciences and Health Technologies
at Lusofona’s University (N°1/2018, 15th May 2018)

Acceptability of kefir in Portugal
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e clara para os participantes, deve estar relacionada
com a escala especifica e deve evitar interpretagdes
erradas. A pontuagdo nessas escalas ¢ utilizada com
o objetivo principal de determinar as magnitudes das
diferengas identificadas (14). Na escala hedonica de
9 pontos, atribuem-se geralmente as respostas valores
entre 1 ¢ 9, em que 1 se correlaciona com a categoria
“extremamente desagradavel” e 9 com a categoria
“extremamente agradavel”. Com esta pontuacdo, um
valor médio de 7 ou superior ¢ geralmente indicativo
de uma qualidade sensorial elevada resultando numa
boa aceitacdo do produto (7,15). Quando comparada
com outros métodos de escalonamento, esta escala é
uma forma robusta de estimar o gosto do consumidor
devido as suas categorias simples, porém sensiveis,
em termos de poder de discriminagdo. Também o seu
numero limitado de op¢des a tornam adequada e facil
de usar, seja por provadores treinados ou nao treinados,
justificando assim a sua ampla aceitacdo (8,13,15).
Portanto, quando o objetivo principal de um estudo ¢
predizer a aceitagao do consumidor, a escala hedonica de
9 pontos tem mostrado ser um instrumento de medigao
simples e eficaz (8). Atendendo ao facto do consumo de
kefir ndo ser um habito alimentar tipico da populacao
portuguesa, este estudo teve como objetivo avaliar a
aceitacdo desta bebida numa amostra de consumidores
portugueses. Este trabalho enquadra-se num estudo in-
use que pretende avaliar os beneficios da ingestdo de
kefir para a satide cutanea, conduzido pela nosso centro
de investigacdo e codificado como DermapBio.

Material e Métodos

A bebida kefir foi preparada por fermentagdo de leite
de vaca semidesnatado ULHT portugués (comprado
num supermercado local) usando graos de kefir CIDCA
AGK1, durante 24 horas a 20 °C. Os graos de kefir
CIDCAAGKI1 foram obtidos do Centro de Investigacion
y Desarrollo en Criotecnologia de Alimentos (CIDCA),
La Plata, Argentina. A caracterizacdo microbioldgica
desses graos foi descrita em outro lugar (16-18). Todos
os voluntarios foram recrutados a partir do estudo
DermapBio realizado no nosso centro de investigacao,
sendo portanto, uma amostra de conveniéncia. Devido
ao fato deste trabalho fazer parte de um estudo in-use,
onde o kefir é consumido, este estudo foi considerado
um estudo exploratério. O protocolo do estudo foi
submetido e aprovado pela comissao de ética da Escola
de Ciéncias e Tecnologias da Satide da Universidade
Luséfona (N°1 / 2018, 15 de maio de 2018) e foi
conduzido de acordo com os principios da Declaragdo
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and was conducted according to the principles of the
Helsinki Declaration. The prepared kefir was evaluated
by a consumer panel using 9-point hedonic scale. The
consumer group consisted of 19 volunteers, 94.7%
women and 5.3% men, aged 19 to 55 years (mean
age 29.11 £ 11.61 years). The volunteers had no prior
experience with kefir consumption. All volunteers were
given a white plastic cup with a sample (100 mL) of
freshly made kefir, under controlled conditions, and
then were asked to grade the beverage in a 9-point
hedonic scale, where the acceptability of the product
was evaluated within a score of 1 (dislike extremely) to
9 (like extremely), according to overall acceptability of
the product. The scale was presented to the volunteers
as a Google form questionnaire (Figure 1). Results
were expressed as mean =+ standard deviation (SD) or
as relative frequency (%), and association between
variables was performed with Pearson’s Chi-Square
Test using SPSS statistical package version 25 (SPSS
Inc., Chicago, IL, USA).

de Helsinquia. O kefir preparado foi avaliado por um
painel de consumidores usando uma escala hedoénica
de 9 pontos. O grupo de consumidores foi constituido
por 19 voluntarios, 94,7% mulheres e 5,3% homens,
com idades entre 19 a 55 anos (média de idades
29,11 + 11,61 anos). Nenhum dos voluntarios tinha
provado kefir antes de participar neste estudo. Todos
os voluntarios receberam um copo de pléstico branco
com uma amostra (100 mL) de kefir acabado de fazer,
sob condigdes controladas, e seguidamente foram
solicitados a classificar a bebida numa escala heddnica
de 9 pontos, onde a aceitabilidade do produto foi
avaliada dentro de uma pontuag@o de 1 (extremamente
desagradavel) a 9 (extremamente agradavel) de acordo
com a aceitabilidade geral do produto. A escala foi
apresentada aos voluntarios na forma de questionario
Google (Figura 1). Os resultados foram expressos
como média = desvio padrao (DP) ou como frequéncia
relativa (%), e a associacgdo entre variaveis foi realizada
com Teste Qui-quadrado de Pearson usando o pacote
estatistico SPSS versdo 25 (SPSS Inc., Chicago, IL,
EUA).

Avaliar a aceitabilidade do kefir
* Required

1. Codigo participante *

Mark only one oval.

Muito agradavel

Muito desagradavel

Aceitabilidade do kefir

2. De um modo geral, como avalia o kefir que tomou?

Extremamente agradavel

Moderadamente agradavel

Ligeiramente agradavel

Nem agradavel nem desagradavel, é indiferente
Ligeiramente desagradavel

Moderadamente desagradével

Extremamente desagradavel

Figure 1 - 9-point hedonic scale translated in Portuguese language, presented as a questionnaire. The kefir
consumed was evaluated by each (coded) participant as: dislike extremely [1], dislike very much [2], dislike
moderately [3], dislike slightly [4], neither like nor dislike [5], like slightly [6], like moderately [7], like very

much [8], or like extremely [9].

Figura 1 - Escala hedoénica de 9 pontos traduzida para a lingua portuguesa, apresentada na forma de questionario.
O kefir consumido foi avaliado por cada participante (codificado) como: extrememente desagradavel [1], muito
desagradavel [2], moderadamente desagradavel [3], ligeiramente desagradavel [4], indiferente [5], ligeiramente
agradavel [6], moderadamente agradavel [7], muito agradavel [8], ou extrememente agradavel [9].
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Results

The group of volunteers who participated in the study
was characterized socio-demographically (Table
1). Within the study group, 78.9% were university
students, 68.4% lived in an urban area, and the majority
had no smoking habits (78.9%). The average Body
Mass Index (BMI) of the sample was 21.82 = 2.89 kg/
m?. The consumption of dairy products within the panel
was mainly through the consumption of natural yogurt
(84.2%), and 57.9% of the participants drank cow's
milk regularly (Table 1). The results of the acceptability
test using this 9-point hedonic scale showed that 58%
of the volunteers assessed the kefir drink as “Like
moderately”, 32% as “Like very much” and only 11%
assigned the rating “Dislike slightly” (Figure 2). The
average score given by this sample of volunteers to
our kefir was 7.00 £ 1.15, which is correlates with a
“Like moderately” rating, and the acceptability of kefir
was not related to the consumption of dairy products,
namely, consumption of milk or yogurt (p = 0.310 and
p = 0.568, respectively).

Discussion

Our results, correlated with a “Like moderately” rating,
seem to indicate a reasonable acceptance of kefir by our
panel. A classification such as ours can be an indicator
of a high quality sensory product (13). Our results were
consistent with those obtained by Moretti et al. (14),
in which the acceptability of kefir made with CIDCA
AGK1 grains, was also tested using untrained panelists
(n=93) and a 9-point hedonic scale. In their study, the
average score obtained was 7.88 £ 0.35 and this result
was correlated with a qualitative grade of “Like very
much”, which indicated a good acceptance of the
product by the panel (14).

The use of a 9-point hedonic scale has been widely
accepted as a good tool to infer consumer acceptability
as it is able to provide internal validity to the test
(14). The use of this type of scale for assessment of
consumer acceptability of dairy has been confirmed by
other researchers (6,10,14). Nevertheless, some weak
points have been identified, namely the small number of
categories available, the lack of equal intervals between
categories, the presence of the neutral category “neither
like or dislike” that lessens the scale efficiency, and the
general consumer tendency to avoid using the extreme
categories, which may increase the scale vulnerability
to ceiling effects (7,11,19). A consideration must be

Acceptability of kefir in Portugal
Aceitabilidade do kefir em Portugal

Resultados

O grupo de voluntarios que participaram no estudo
foi caracterizado socio-demograficamente (Tabela 1).
Cerca de 78,9 % eram estudantes universitarios, 68,4
% viviam em area urbana ¢ a maioria nao tinha habitos
tabagicos (78,9 %). O Indice de Massa Corporal
(IMC) médio da amostra foi de 21.82 + 2.89 kg/m?* e
o consumo de lacticinios, no painel, foi principalmente
devido ao consumo de iogurte natural (84,2 %) e 57,9
% dos participantes bebiam leite de vaca regularmente
(Tabela 1). Os resultados do teste de aceitabilidade
utilizando esta escala hedoénica de 9 pontos mostraram
que 58 % dos voluntarios consideraram a bebida kefir
como “Moderadamente agradavel”, 32 % como “Muito
agradavel” e apenas 11 % atribuiram a classificag@o de
“Ligeiramente desagradavel” (Figura 2). A pontuagio
média dada por esta amostra de voluntarios ao nosso
kefir foide 7,00+ 1,15 o que equivale auma classificagdo
de “Moderadamente agradavel,” e a aceitabilidade do
kefir ndo se relacionou com o consumo de laticinios,
nomeadamente, consumo de leite ou iogurte (p = 0,310
e p = 0,568, respectivamente).

Discussao

Os nossos resultados, correlacionados com uma classi-
ficacdo de “Moderadamente agradavel”, parecem indi-
car uma aceitag@o razoavel do kefir pelo nosso painel.
Uma classificagdo como a nossa pode ser indicador de
um produto sensorial de alta qualidade (13). Os nos-
sos resultados foram consistentes com os obtidos por
Moretti et al. (14), que testou a aceitabilidade de kefir
feito a partir de grados CIDCA AGK1, usando também
provadores ndo treinados (n=93) ¢ uma escala hedoni-
ca de 9 pontos. No seu estudo, o score médio obtido
foi de 7,88 + 0,35 e esse resultado foi correlacionado
com uma classifica¢ao qualitativa de “Gosto muito”, o
que indicou uma boa aceita¢do do produto por parte dos
consumidores (14).

O uso de uma escala hedonica de 9 pontos tem sido
amplamente aceite como uma boa ferramenta para
inferir sobre a aceitabilidade dos consumidores, uma vez
que ¢é capaz de fornecer validade interna ao teste (15). O
uso deste tipo de escala para avalia¢do da aceitabilidade
do consumidor de produtos lacteos foi confirmado por
outros investigadores (6,10,14). No entanto, foram
identificados alguns pontos fracos, nomeadamente
0 pequeno numero de categorias disponiveis, a falta
de intervalos iguais entre as categorias, a presenca
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Table 1 - Sociodemographic characteristics of the sample of consumers.
Tabela 1 - Caracteristicas sociodemograficas da amostra de consumidores.

Sociodemographic Characteristics /
Caracteristicas sociodemograficas

Portuguese consumers sample / Amostra
de consumidores Portugueses (n=19)

Gender / Género
Female / Feminino, n (%)

Male / Masculino, n (%)

Age / Idade, mean (SD) / média (DP), years / anos

Scholarity / Escolaridade
High School (12th grade) /
Ensino Secundario (12°ano), n (%)
Doctorate / Doutoramento, n (%)

Career / Profissao
Professor / Professor, n (%)

University student / Estudante universitario, n (%)

Entrepreneur / Empresario, n (%)

Residence / Residéncia
Urban / Urbano, n (%)
Rural / Rural, n (%)

Smoking habits / Habitos tabagicos
Non smoker / Nao fumador, n (%)

Occasional smoker / Fumador ocasional, n (%)

Smoker / Fumador, n (%)
BMI / IMC, mean (SD) / média (DP), kg/m?

Dairy consumption / Consumo de laticinios
Cow milk / Leite de vaca, n (%)
Natural yogurt / logurte natural, n (%)
Vegetable drink / Bebida vegetal, n (%)

18 (94.7)
1(5.3)

29.11 (11.61)

16 (84.2)

3(15.8)

3(15.8)
15 (78.9)
1(5.3)

13 (68.4)
6(31.6)

15 (78.9)
3(21.4)
1(7.1)

21.82 (2.89)
11 (57.9)

16 (84.2)
5(26.3)

SD — Standard Deviation / DP — Desvio Padrio; BMI — Body mass Index / IMC — Indice de Massa Corporal.

made about the use of a scale that was translated to
Portuguese language. As demonstrated by Curia et
al. (20) regarding the Spanish language, the use of
the 9-point hedonic scale in languages different from
English must be done with caution, as the general
population may fail to perceive the translations with the
same meaning as they have in English, especially with
regard to the extreme categories of the scale (20). To the
best of our knowledge, the translation of this scale into
Portuguese has not yet been validated and, as such, care
should be taken in generalizing the conclusions drawn.
It should be noted that acceptance tests (consumer liking
tests) should preferably be carried out with a larger
number of individuals (6). Some authors recommend
50 consumers as the minimum desirable to guarantee
the accuracy of the statistical analysis and to be able to
draw conclusions product acceptance (not applicable to

88

da categoria neutra “nem gosto, nem ndo gosto” que
diminui a eficiéncia da escala e a tendéncia geral do
consumidor em evitar usar as categorias extremas, que
podem aumentar a vulnerabilidade da escala aos efeitos
de teto (7,11,19). Devemos ainda ter em consideragao
o facto de termos usado uma escala que foi traduzida
para a lingua portuguesa. Conforme demonstrado por
Curia et al. (20) para a lingua espanhola, o uso da escala
hedonica de 9 pontos em outras linguas diferentes do
inglés deve ser feito com cautela, pois a populacdo em
geral pode nao perceber as tradugdes com o mesmo
significado que elas possuem em inglés, especialmente
no que diz respeito as categorias extremas da escala
(20). Até onde sabemos, a tradugdo desta escala para
a lingua portuguesa ainda ndo foi validada e, como
tal, devemos ter alguma precaucao na generalizacao
das conclusdes tiradas. De notar que os testes de



trained tasters) (5,6,8). Furthermore, because we used
a convenience sample of volunteers already willing to
participate in a study involving kefir consumption for
eight weeks, the main disadvantage of which is the lack
of clear generalization (21), we cannot extrapolate our
results to the general population. Therefore, due to the
type of sampling and the limited number of consumers
used in our study, we cannot fully infer about the
acceptability of kefir for Portuguese consumers.
Nevertheless, these results can provide an indication
of how the product is viewed by consumers with no
previous contact with this beverage. Hedonic opinions,
such as food choice, are affected by environmental
context and individual expectations (22,23). Both
the intra- and the inter-variability of consumers may
influence the product acceptance throughout time
(7,22,23). In general, the individual like/dislike stimuli
may be influenced by environment, for example, type
of meal, time of day, number of times the food has been
consumed recently or temperature of the food, thus
increasing the difficulty of measuring a stable attitude
toward a certain food (7,24). As stated by Lawless
& Heymann (2010), habits, experiences, contexts
and attitudes are important contributors to the actual
consumption of a food in a specific situation (7). Since
the participants in our study were all part of the same
group and so, were not blind to kefir consumption, this
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aceitacdo (testes de gosto do consumidor) devem ser
realizados preferencialmente com um grande numero
de individuos (6). Alguns autores recomendam que 50
consumidores como o minimo desejavel para garantir a
precisdo da analise estatistica, podendo, assim, concluir
sobre a aceitacao do produto (ndo aplicavel a provadores
treinados) (5,6,8). Além disso, porque utilizamos uma
amostra de conveniéncia, com voluntarios ja dispostos
a participar num estudo envolvendo o consumo de kefir
por oito semanas, cuja principal desvantagem ¢ a falta
de generalizagdo clara (21), ndo podemos extrapolar
os nossos resultados para a populacdo em geral.
Portanto, devido ao tipo de amostragem e ao numero
limitado de consumidores usados no nosso estudo, nao
podemos inferir completamente sobre a aceitabilidade
do kefir para o consumidor portugués. No entanto,
estes resultados podem fornecer uma indicagdo de
como o produto € visto por consumidores sem contato
prévio com este bebida. As opinides hedonicas, como a
escolha alimentar, sdo afetadas pelo contexto ambiental
e pelas expectativas individuais (22,23). A intra ¢ a
intervariabilidade dos consumidores podem, ambas,
influenciar a aceitagdo do produto ao longo do tempo
(7,22,23). Em geral, os estimulos individuais de gosto/
ndo gosto podem ser influenciados pelo contexto
ambiental, como por exemplo, pelo tipo de refeigao,
hora do dia, nimero de vezes que o alimento foi

Kefir acceptability / Aceitabilidade do kefir

Dislike extremely / Extremement desagradavel
Dislike very much / Muito desagradavel

Dislike moderately / Moderadamente desagradavel
Dislike slighly / Ligeiramente desagradavel
Neither like nor dislike / Indiferente

Like slighly / Ligeiramente agradavel

Like moderately / Moderadamente agradavel

Like very much / Muito agradavel

Like extremely / Extremement agradavel

0%
0%
0%
11%
0%

0%

r -
32%

0%

0% 10% 20% 30% 40% 50% 60% 70%

Frequency / Frequéncia

Figure 2 - Kefir acceptability in a sample of Portuguese consumers based on the 9-point hedonic scale

(frequency (%), n=19)

Figura 2.- Aceitabilidade do kefir numa amostra de consumidores portugueses baseada na escala hedonica

de 9 pontos (frequéncia (%), n=19).

89



Emilia Alves et al

factor may have influenced the individual choices of the
volunteers, despite the fact that the scale was presented
to each participant individually. Nevertheless, these
results support the adoption of the protocol applied to
our in-use "DermapBio" study of the impact on the skin
health of kefir consumption conducted by our research
team, as during the study this beverage must be taken
daily.

Conclusion

General consumer acceptance of fermented foods, such
as kefir, that are characterized by their unique flavor
and aroma are mainly dependent of their sensory per-
ception. Although kefir is not traditionally consumed
in Portugal, our kefir drink showed a good acceptance
in this sample of consumers and supports the protocol
adopted in a posterior study.
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consumido recentemente ou temperatura do alimento,
aumentando assim a dificuldade de medir uma atitude
estavel em relacdo a um determinado alimento (7,24).
Como afirmam Lawless & Heymann (2010), habitos,
experiéncias, contextos ¢ atitudes sdo importantes
contribuintes para o consumo real de um alimento numa
situacdo especifica (7). Dado que os participantes no
nosso estudo faziam parte do mesmo grupo e, portanto,
ndo eram cegos ao consumo de kefir, esse fator pode ter
influenciado nas escolhas individuais dos voluntarios,
apesar de a escalater sido apresentada a cada participante
individualmente. No entanto, estes resultados apoiam
a adocao do protocolo aplicado a nossa estudo in-use
"DermapBio" do impacto do consumo de kefir na satde
da pele, conduzido pela nossa equipa de investigagaom,
a que este bebida deve ser tomado diariamente.

Conclusoes

A aceitagdo pelo consumidor em geral de alimentos
fermentados, como o kefir, que sdo caracterizados pelo
seu sabor e aroma uUnicos, depende principalmente
da sua percepcao sensorial. Embora o kefir ndo seja
tradicionalmente consumido em Portugal, a nossa
bebida kefir mostrou uma boa aceitagdo nesta amostra
de consumidores e apoia o protocolo adotado num
estudo posterior.
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Abstract

The sustainable use of resources and industrial waste is an important objective for environmental preservation and in
the search for potential new foods and ingredients. Considering the size and importance of the wine industry, the use
of winemaking waste in a sustainable manner is important for producers. Given the nutritional characteristics of this
by-product, its use as an ingredient may be an interesting source of income, especially in Portugal, where around 183
thousand tons of this waste are generated annually. In addition to studies regarding the nutritional characteristics and
active constituents, it is necessary to evaluate the acceptability of potential buyers to different food matrices resulting
from the incorporation of grape pomace flour. This study was designed to evaluate the acceptability of sweet cookies with
the incorporation of different percentages of grape pomace flour resulting from the vinification of Arinto and Touriga
Nacional grape varieties. The sensory assessment of 149 individuals was evaluated using a questionnaire developed
for this purpose. The results obtained are not conclusive, but there is a tendency for the preference for cookies with the
incorporation of grape pomace flour at 15% versus incorporation of 20%, independent of the caste used.

Keywords: Grape pomace; sweet cookies; sensory evaluation; Touriga Nacional; Arinto

Resumo

A utilizacao sustentavel de recursos e residuos industriais, constituem um importante objetivo para a preservagao
ambiental e para a procura potencial de novos alimentos e ingredientes. Considerando a dimensdo e importancia da
industria vitivinicola, o aproveitamento dos residuos da vinificagdo de uma forma sustentavel constitui um objetivo para
produtores. Atendendo as carateristicas nutricionais deste subproduto a sua utilizagdo como ingrediente pode constituir
uma importante fonte de rendimento, em especial em Portugal onde sdo gerados anualmente cerca de 183 mil toneladas
deste residuo. Para além dos estudos de caraterizacao nutricional torna-se necessario avaliar a aceitabilidade de potenciais
compradores face a diferentes matrizes alimentares resultantes da incorporacao de farinha de bagaco. Este estudo avaliou
a aceitabilidade de bolachas doces com incorporagao de diferentes percentagens de farinha de bagaco de uva, resultante
da vinificagdo das castas de Arinto e Touriga Nacional. Foram avaliadas as respostas de 149 individuos face a um
questionario de avaliacdo sensorial desenvolvido para o efeito. Os resultados obtidos ndo sdo conclusivos, mas existe
uma tendéncia para a preferéncia de bolachas com incorporacao de 15% de farinha de bagago de uva face a incorporagio
de 20% independentemente da casta usada. .

Palavras-chave: Bagaco de uva; bolachas doces; avaliagdo sensorial; Touriga Nacional; Arinto
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Introduction

The sustainable use of resources and the use of waste
are currently important aspects of the political and
social agenda of countries at a global level. In this sense,
the 2030 agenda of the UN has defined 17 sustainable
objectives, which aim to be a common vision of
development for humanity, including sustainable
production and development (1). The use of waste from
the wine industry has been the target of several studies
in recent years (2), since its use as fertilizer (3), as a
source of antioxidants and polyphenols (4-6) or use in
cosmetics (7) and the pharmaceutical industry (8), or
as an additive in food (9). The most sustainable way of
using pomace seems to be in the form of pomace flour
for food purposes. In this way it can constitute not only
an important product with food value (10,11) but also
an important source of income for the main producing
countries. Portugal is included among these countries,
with a total planted area of 6.3% of the total national
agricultural area (12) with annual wine production in
2019/202 of about 6.5 million hl (IVV) which generated
about 183,000 tons of grape pomace (13). According
to Regulation (EC) 1493/1999, pomace is the residue
obtained after the pressing of fresh grapes, fermented or
not, during the wine production process. Stalks, skins,
and pips are integral parts of this residue. We have
been studying (14) pomace flour, which results from
the drying and milling of pomace. Studies regarding
the importance and nutritional characterization of
this product have indicated a constitution rich in
polyphenols and antioxidants (14), low protein content,
and high soluble and insoluble fiber content (15—18).

To introduce this flour as an ingredient in the
food industry, it is necessary to complement the
characterization studies of this product with consumer
sensory evaluation studies using different matrices and
different percentages of incorporation. In this sense, after
the study of the sensory analysis of the incorporation
of flour in a savory cracker (19), where a preference
for cookies with higher percentages of incorporation
was shown, the main objective of the present study
was to preliminarily evaluate the acceptability of a
sweet cookie with higher percentages of incorporation
of pomace flour from one of two Portuguese grape
varietals among a panel of untrained consumers.

Sensory evaluation of grape pomace cookies
Avaliagdo sensorial de bolachas com bagago de uva

Introducao

A utilizagdo sustentavel dos recursos e o aproveitamento
de residuos sd3o, atualmente, importantes aspetos da
agenda politica e social dos paises a nivel global. Neste
sentido a agenda 2030 da ONU definiu 17 objetivos
sustentaveis, que pretendem ser uma visdo comum de
desenvolvimento para a Humanidade, entre os quais se
inclui a producdo e desenvolvimento sustentavel (1). O
aproveitamento de residuos da industria do vinho tem
sido alvo de varios estudos nos tltimos anos (2), desde
a sua utilizagdo como fertilizante (3), como fonte de
antioxidantes e polifenois (4—6) para a utilizagdo tanto
na cosmética (7) como na industria farmacéutica (8)
ou como ingrediente na alimentacdo (9). A forma mais
sustentavel de utilizagdo do bagaco parece ser na forma
de farinha de bagago para fins alimentares, ja que desta
forma pode constituir ndo s6 um importante produto com
valor alimentar (10,11), como uma importante fonte de
rendimento para os principais paises produtores, nos
quais se insere Portugal em que o total de area plantada
¢ de 6,3% do total de area agricola nacional (12) com
uma produg@o anual de vinho em 2019/2020 de cerca
de 6,5 milhdes de hl (IVV) os quais geraram cerca de
183 mil toneladas de bagago de uva (13). O residuo, na
forma de farinha de bagaco, que temos vindo a estudar
(14), resulta da secagem e moagem do subproduto da
vinificagdo caraterizado como bagaco (13), que de
acordo com o regulamento (CE) 1493/1999, estabelece
este produto como o residuo obtido apds a prensagem
das uvas frescas, fermentado ou ndo, durante o processo
de produgao de vinho, do qual fazem parte integrante os
engacos, os pedunculos, as peliculas e as grainhas. A
importancia e caraterizagdo nutricional deste produto
tem vindo a ser estudada, a qual indica uma constitui¢do
rica em polifendis e antioxidantes (14), baixo teor em
proteina e elevado contetido em fibra tanto soluvel
como insoluvel (15-18).

Com o objetivo de introduzir esta farinha como um
ingrediente na industria alimentar torna-se necessario
complementar os estudos de caraterizacao deste produto
com estudos de avaliacdo sensorial dos consumidores
em diferentes matrizes e com diferentes percentagens
de incorporacdo. Neste sentido apds o estudo da
analise sensorial da incorporagdo da farinha numa
bolacha salgada (19) o principal objetivo do presente
estudo foi avaliar, preliminarmente, a aceitabilidade,
de consumidores ndo treinados, para uma bolacha
doce com percentagens mais elevada de incorporagdo
de farinha de bagaco de uva, resultante de duas castas
portuguesas, ja que estudos anteriores demostraram
uma preferéncia por bolachas com percentagens mais
elevadas de incorporagdo (19).
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Materials and Methods

Biological samples

The Carmin Cooperative winery in Reguengos de
Monsaraz provided two types of grape pomace samples,
one of white grape variety (Arinto) and another of
red grape variety (Touriga Nacional). After receiving
the samples, they were dried in an oven (J.P. Selecta,
Barcelona, Spain), for 24 hours at 60 °C, ground in a
household slide crusher (Moulinex, Alencon, France),
and finally stored in propylene bags properly sealed
until their use.

Cookie preparation

Five sweet cookie recipes were prepared based on
a recipe with wheat flour, which was replaced in
percentages of 15% and 20% by grape pomace flour of
the grape varieties (Touriga Nacional and Arinto). The
ingredients used in the preparation of the sweet cookies
were T55 extra-fine wheat flour (National), refined
white sugar (Sidul), butter with salt (Agros), semi-
skimmed milk (Agros), and grape pomace flour. The
quantities of ingredients used are described in Table 1.

In the preparation of the dough, the sugar and butter
were first added until a homogeneous and whitish
mixture was obtained. Then the wheat flour and/or
grape pomace flour and gradually the milk were mixed
in to obtain a consistent dough. Finally, the dough
was kneaded and allowed to rest for 10 minutes, then
rolled thin and cut into small rectangles (3x2.5¢cm). The
cookies were placed in an industrial oven (Eka KF912
- Tecnoeka Sri, Padova, Italy) for 10 minutes at 180
°C, then remaining in the oven until it was completely
cooled. The various stages of preparation of the cookies
are shown in Figure 1.

Material e Métodos

Amostras biologicas

A adega Cooperativa Carmin em Reguengos de
Monsaraz forneceu dois tipos de amostras de bagaco
de uva, uma de casta branca (Arinto) e outra de casta
tinta (Touriga Nacional). Apds a rececao das amostras,
estas foram secas na estufa (J.P. Selecta, Barcelona,
Espanha), durante 24 horas a 60°C, moidas num
triturador de laminas doméstico (Moulinex, Alencon,
Franca) e por fim armazenadas em sacos de propileno
devidamente selados até sua utilizacgao.

Preparagdo das bolachas

Procedeu-se a preparagdo de cinco receitas de bolachas
doce, tendo como base uma receita com farinha de trigo,
aqual foi substituida nas percentagens de 15% e 20% por
farinha de bagago de uva das castas (Touriga Nacional
e Arinto). Os ingredientes utilizados na confecdo das
bolachas doces foram farinha de trigo T55 extrafina
(Nacional), agucar branco refinado (Sidul), manteiga
com sal (Agros), leite meio gordo (Agros) e farinha de
bagaco de uva. As quantidades de ingredientes usados
estdo descritas na Tabela 1.

Na confe¢do da massa juntou-se primeiro o agucar
com a manteiga até se obter uma mistura homogénea
e esbranquicada. De seguida, misturou-se a farinha de
trigo e/ou farinha de bagago de uva e, aos poucos, o
leite de modo a obter-se uma massa consistente. Por
fim, amassou-se e repousou por 10 minutos, de seguida
estendeu-se e recortou-se em pequenos retangulos
(3x2,5 cm). As bolachas foram colocadas no forno
industrial (Eka KF912 — Tecnoeka Sri, Padova, Italia)
durante 10 minutos a 180 °C até arrefecimento total do
forno. Na Figura 1 podem observar-se as varias etapas
de preparagio das bolachas.

Table 1 - Ingredients in the formulation of the sweet cookies
Tabela 1 - Ingredientes da formulacdo das bolachas doces

. . Control / 15% Incorporation / 20% Incorporation /
Ingredients / Ingredientes - -
Controlo Incorporacio Incorporacio
heat fl
Wheat flour / 250 +0.01 212.5£0.01 200 + 0.01
Farinha de trigo, g
Whit /
vt sugar 125 +0.01 125 +0.01 125 +0.01
Actcar branco, g
Butter / Manteiga, g 60 £ 0.01 60 £ 0.01 60 + 0.01
Milk / Leite, mL 50+ 0.01 50£0.01 50 +£0.01
fl
Grape pomace flour / - 37.5+0.01 50+ 0.01

Farinha de bagaco de uva, g
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Weighing of ingredients /
Pesagem dos ingredientes

Mixing of ingredients /
Mistura dos ingredientes

Kneading of dough /
Amassar a massa

.

Lamination of dough /
Laminagdo da massa

Molding of dough /
Moldagem da massa

Baking of dough /
Cozedura da massa

Figure 1 - Preparation of sweet crackers with incorporation of grape pomace flour
Figura 1 - Preparagdo de bolachas doces com incorporagdo de farinha de bagago de uva

Sensory evaluation

This study aimed at the preliminary analysis of sensory
evaluation in a group of 149 untrained individuals of
both sexes, aged between 18 and 88 years. Although
the use of trained tasters panels is more commonly used
in this type of evaluation, the use of untrained panels
can be justified for the options of free choice, or non-
validated questionnaires (20), as is the present case.

For the sensory test, taking into account the current
pandemic context and the recommendations and
norms of the General Directorate of Health (DGS), a
questionnaire was created through the Google Forms
platform, which the tasters accessed through a QR
code on their smartphone or tablet and thus recorded
their opinion at the time of the test. Participants were
randomly recruited at the university campus on the
tasting tests day.

Two tests were carried out on different days. The
sensory test with integration of the Arinto caste grape
pomace included 74 participants of both sexes aged
between 16 and 88 (PD:17.27) years, and the test for
the Touriga Nacional caste grape pomace included 66
participants of both sexes aged between 18 and 88 (PD:
15.88) years. The frequency scale used was developed

Avaliacdo sensorial

O presente estudo teve como objetivo a analise
preliminar de avaliagdo sensorial num grupo de 149
individuos ndo treinados, de ambos os sexos, de idades
compreendidas entre os 18 e os 88 anos. Embora a
utilizacao de painéis de provadores treinados seja mais
utilizada neste tipo de avaliacdo o uso de painéis nao
treinados pode ser justificada para as opgoes de livre
escolha ou questionarios nao validados (20), como € o
caso do presente estudo.

Para a realizacdo da prova sensorial, tendo em conta
o atual contexto de pandemia e as recomendacgdo e
normas da Dire¢do Geral da Satde (DGS) foi criado um
questionario, através da plataforma Google Forms, ao
qual os provadores acediam através de um cédigo QR
no seu smartphone ou tablet e assim registavam a sua
opinido no momento da prova. Os participantes foram
aleatoriamente recrutados no campus universitario no
dia da avaliacdo sensorial.

Foram realizadas duas provas, em dias distintos,
tendo participado na prova sensorial com integracdo
nas bolachas da casta Arinto 74 individuos de ambos
os sexos de idades compreendidas entre os 16 ¢ 88
(DP:17.27) anos, e na casta Touriga Nacional 66
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Table 2 - Hedonic and willingness to purchase scales
Tabela 2 - Escala hedonica e Intengdo de compra

Hedonic / Hedonica

Purchase / Compra

Very pleasant / Muito agradavel
Pleasant / Agradavel

Indifferent / Indiferente
Unpleasant / Desagradavel

~ N W R W

Very unpleasant/ Muito desagradavel

Certainly buy / Compraria de certeza

Would probably buy / Provavelmente compraria

Do not know if I would buy / Nao sei se compraria
Probably would not buy / Provavelmente ndo compraria

Certainly would not buy / Nao compraria de certeza

by Palma and collaborators (19) in which the tasters
gave their opinion regarding color, taste, texture,
aroma, and overall final impression. The intention to
purchase was also parameterized according to a 5 point
scale according to that previously used by the same
authors (19) and is described in Table 2. A comparative
assessment of the samples was also made using a 3
point scale described in Table 4 and previously used by
the authors (19).

Statistical analysis

Data were presented either as means and standard
deviation (SD) for continuous variables or numbers and
percentages for dichotomous variables. We compared
the distribution of the selected characteristics between
groups using Pearson y* tests for categorical variables
or Student’s t-tests or analysis of variance (ANOVA),
as appropriate, for continuous variables. All statistical
tests were two-tailed and the significance level was set
at P <0.05. All analyses were performed using the SPSS
software version 26.0 (SPSS Inc, Chicago, IL, USA).

Results and Discussion

A total of 149 individuals (57 men and 92 women)
with an average age of 40.45 (SD=16.45) participated
in this work. The mean age according to sex and
castes are summarized in Table 3. Individuals who
tasted sweet cookies with the incorporation of Arinto
bagasse flour had a mean age of 39.21 years, and those
who tasted cookies with the incorporation of Touriga
Nacional bagasse flour had a mean age of 41.96 years.
No statistically significant differences were observed
between the age and gender of the tasters who evaluated
the two varieties. Figure 2 shows the results obtained
from the sensory evaluation according to the different
varieties and incorporations studied, in which it is
possible to observe statistically significant differences
regarding color, flavor, taste, and texture. Regarding

96

individuos de ambos os sexos de idades compreendidas
entre os 18 e os 88 (DP: 15.88) anos.

A escala de frequéncia usada foi desenvolvida por
Palma e colaboradores (19) na qual os provadores
deram opinido relativamente a cor, sabor, textura,
aroma e impressao global final. A intengdo de compra
foi igualmente parametrizada segundo uma escala
com 5 pontos de acordo com a anteriormente utilizada
pelos mesmos autores (19) e descrita na Tabela 2, foi
ainda feita uma apreciagdo comparativa das amostras
avaliada por uma escala de 3 pontos descrita na Tabela
4 ¢ ja anteriormente usada pelos autores (19).

Analise estatistica

Os dados foram apresentados como médias e desvio
padrao (DP) para variaveis continuas ou numeros ¢
percentagens para variaveis dicotomicas. Comparamos
a distribuicdo das caracteristicas selecionadas entre
os grupos usando testes de Pearson y* para variaveis
categoricas ou testes t de Student ou analise de variancia
(ANOVA), conforme apropriado, para varidveis
continuas. Todos os testes estatisticos foram bicaudais
e o nivel de significancia foi estabelecido em P<0,05.
Todas as analises foram realizadas utilizando o software
SPSS versdo 26.0 (SPSS Inc, Chicago, IL, EUA).

Resultados e Discussao

Um total de 149 individuos (57 homens ¢ 92 mulheres)
com uma idade média de 40,45 (DP=16.45) anos
participaram no presente trabalho. A idade média de
acordo com 0 sexo e com as castas estdo resumidas na
Tabela 3. Os individuos que provaram bolachas doces
com incorpora¢dao de farinha de bagaco de Arinto
apresentaram uma idade média de 39,21 anos e os
que provaram bolachas com incorporagdao de farinha
de bagaco Touriga Nacional apresentaram uma idade
média de 41,96 anos. Nao foram observadas diferencas



color, the highest score obtained was for the control
cookie, and the lowest scores were obtained for the two
incorporations of Touriga Nacional. Similar results were
obtained in the case of flavor since the control cookie
obtained the highest score and the Touriga Nacional
with 15% of incorporation had the lowest score. The
two varieties with 20% incorporation were described as
the least favorite flavor, with a score of 3.83 points over
a maximum of 5. The cookie with 15% incorporation of
grape pomace from the Touriga Nacional variety was
the most accepted texture compared to the rest of the
samples analyzed. Finally, the highest score concerning
the overall appreciation was for the control of sweet
cookies, and secondly for the incorporation of 15% of

Sensory evaluation of grape pomace cookies
Avaliagdo sensorial de bolachas com bagago de uva

estatisticamente significativas entre a idade e sexo dos
provadores que avaliaram as duas castas. A Figura 2
mostra os resultados obtidos da avaliagdo sensorial
de acordo com as diferentes castas e incorporagdes
estudadas, na qual é possivel observar diferencas
estatisticamente significativas quanto a cor, sabor,
gosto e textura. Relativamente a cor, a pontuagdo mais
alta obtida foi para a bolacha controlo, e as pontuagdes
mais baixas foram obtidas para as duas incorporagdes
da casta Touriga Nacional. Resultados semelhantes
foram obtidos no caso do sabor, uma vez que a bolacha
controlo foi a que obteve uma pontuacao mais alta e a
Touriga Nacional com 15% de incorporagdo a que teve
uma pontuagdo mais baixa. As duas castas com 20%

Table 3 - Mean age according to gender and grape varieties
Tabela 3 - Média de idade de acordo com o género ¢ castas utilizadas

Age, years / Idade, anos p-value*
Total population / Populacio total (n=149) 40.45 (16.45) -
Gender / Género
Men / Homem (n=57) 37.34 (14.92) 0.060
Women / Mulher (n=92) 42.38 (17.13) '
Grape variety / Castas
Arinto (n=83) 39.21 (17.19) 0.696

Touriga Nacional (n=66)

41.96 (15.50)

Age is expressed as means (SD). *p-values for comparisons between groups were tested by Student’s t-test /
Idade expressa em média (DP). *Valores P para comparagdes entre grupos foram testados mediante teste t de Student.

Score / Pontuagao ?

44
42
0 B

3.8
Color / Cor Flavor / Aroma

Control / Controlo = Arinto 20%

|
I I . .
3.6 L
3.4
32
3.0

I III
I ol

Taste / Sabor

Texture / Textura Global appreciation /
Apreciagio global

Arinto 15% m Touriga Nacional 20% ®Touriga Nacional 15%

Figure 2 - Sensory evaluation according the different incorporation and grape varieties. Data expressed as
means (SD). *p-value <0.005. * Score: Color, Aroma, Flavor, Texture, Global impression=1-Very unpleasant,

2-Unpleasant, 3-Indifferent, 4-Pleasant, 5-Very pleasant

Figura 2.- Andlise sensorial de acordo as diferentes incorporagdes e castas. Dados expressos como média
(DP). *Valores P <0.005. * Pontuacgdo: Cor, Aroma, Sabor, Textura, Impressdo global=1- Muito desagradavel,
2-Desagradavel, 3-Indiferente, 4-Agradavél, 5S-Muito agradavel.
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Arinto grape pomace. The lowest score was obtained
for the incorporation of 20% Touriga Nacional. These
differences were not statistically significant, however,
the preference for cookies with the incorporation
of Arinto flour is a factor previously observed in the
sensory evaluation study of Palma et al (19).

The intention of purchasing sweet cookies with 15
and 20% of grape pomace incorporation of Arinto and
Touriga Nacional grape varieties can be observed in
Figure 3. The highest percentage of individuals who
reported that they would certainly buy was relative to
the sweet cookies with 15 and 20% of Arinto grape
pomace incorporation (32.1% for each). The sweet
cookies with the lowest purchase intention were the
control sweet cookies since 6.4% of the total population
reported that they had no intent to buy them

%
45
40
35
3
2
2
1
1

S S e O Wn O

Control/  Arinto 20% Arinto 15%

Controlo

Touriga
Nacional
20%

de incorporagdo foram descritas como o sabor menos
apreciado, tendo uma pontuacdo de 3,83 pontos sobre
um maximo de 5. A bolacha com 15% de incorporacao
de bagagco de uva da casta Touriga Nacional foi a
textura mais aceite em comparacdo com o resto das
amostras analisadas. Finalmente, a pontuag@o mais alta
em relacdo a apreciagdo global foi para as bolachas
doces controlo, e em segundo lugar para a incorporagao
de 15% de bagaco de uva de Arinto. A pontuagdo mais
baixa foi obtida pela incorporacdo de 20% de Touriga
Nacional. Estas diferengas nao foram estatisticamente
significativas, no entanto a preferéncia para bolachas
com incorporagdo de farinha de Arinto ¢ um fator ja
observado anteriormente, no estudo de avaliagdo
sensorial de Palma et al (19).

A intengdo de compra de bolachas doces com 15 e 20%
de incorporagdo de bagago de uva das castas Arinto ¢
Touriga Nacional pode ser observada na Figura 3. A
maior percentagem de individuos que relataram que
comprariam de certeza foi relativo as bolachas doces
com incorporagdo de 15 ¢ 20% de bagaco de uva Arinto
(32,1% para cada uma). As bolachas doces com a menor
intencdo de compra foram as bolachas doces controlo,
uma vez que 6,4% da populagao total referiu que nao os
comprariam de certeza.

I definitely would not buy /
Nao compraria de certeza

I probably would not buy /
Provavelmente ndo compraria
I do not know if I would buy /
Nao sei se compraria

m [ probably would buy /
Provavelmente compraria

m | definitely would buy /
Compraria de certeza

Touriga
Nacional
15%

Figure 3 - Purchase intention for sweet cookies with incorporation (15 and 20%) of the Arinto variety (n = 84)
and sweet cookies with incorporation (15% and 20%) of the Touriga Nacional variety (n = 65). Data expressed

as percentage (%).

Figura 3 - Intencdo de compra para bolachas doces com incorporagao (15 ¢ 20%) da casta Arinto (n = 84) e
para bolachas doces com incorporagdo (15% e 20%) da casta Touriga Nacional (n = 65). Dados expressos como

percentagem (%).
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Table 4 - Preference of sweet cookies selection
Tabela 4 - Preferéncia de escolha das bolachas doces

Sensory evaluation of grape pomace cookies
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Liked best /

M less liked
ore or less liked / Liked least /

Gostei mais Gostel mais ou Gostei menos p-value®
menos
Type of flour / Tipo de farinha
Control/ Controlo (n=149) 40.9 (61) 18.1(27) 40.9 (61)
Arinto (n=148) 27.1 (45) 38.6 (46) 34.3 (57) <0.001
Touriga Nacional (n=132) 32.6 (43) 43.9 (58) 23.5(31)
p-value* 0.033 <0.001 0.008
Grape pomace samples /
Amostras de farinha de bagaco
Arinto 15% (n=74) 26.5 (22) 32.5(18) 41.0 (34)
Arinto 20% (n=74) 27.7 (23) 44.6 (28) 27.7 (23) <0.001
Touriga Nacional 15% (n=66) 34.8 (23) 37.9 (25) 27.3 (18)
Touriga Nacional 20% (n=66) 30.3 (20) 50.0 (33) 19.7 (13)
p-value* 0.129 <0.001 0.008
% Incorporation / % Incorporaciio
15% Incorporation / Incorporagao 30.2 (45) 34.9 (52) 34.9 (52)
(n=149)
. . N <0.001
?::/;)ig;orporatlon / Incorporagao 28.9 (43) 47.0 (70) 242 (36)
p-value* 0.053 <0.001 0.008

Data expressed as a percentage (n). *p-values for comparisons between groups were tested by Pearson 32 / Dados expressos como
percentagem (n). *Valores P para comparagdes entre grupos foram testados mediante Pearson y2

Finally, Table 4 shows the preferences of choice among
all the samples analyzed. Regarding the analysis
according to the type of flour, statistically, significant
differences were observed between these cookies and
the classification of “liked more,” “liked more or less,”
and “liked less.” The most appreciated cookie was
the control, followed by Touriga Nacional and finally,
Arinto. These results are not in line with the opinion
that the respondents expressed regarding individual
parameters or overall appreciation. This apparent
discrepancy is sometimes observed, as consumers can
provide emotional type responses of “like” or “dislike”
which do notalways reflect the same pattern they express
in the evaluation of various attributes on a hedonic scale
of several points (20). Nevertheless, in this analysis of
preference regarding the various incorporations and
varieties, the most appreciated was Touriga Nacional
with 15% grape pomace incorporation. However,
these differences were not statistically significant. The
highest percentage of individuals who appreciated less

Finalmente, a Tabela 4 mostra as preferéncias de escolha
entre todas as amostras analisadas. Relativamente
a analise de acordo com o tipo de farinha, foram
observadas diferencas estatisticamente significativas
entre estes biscoitos e a classificacdo de “gostei
mais”, “gostei mais ou menos”, e “gostei menos”. A
bolacha mais apreciada foi a de controlo, seguida pela
Touriga Nacional e por ultimo a Arinto, resultados que
ndo estdo em linha com a opinido que os inquiridos
expressaram relativamente aos parametros individuais
ou apreciacdo global, este fato ¢ algumas vezes
observado, na medida em que os consumidores face a
respostas do tipo emocional “gosto” ou “ndo gosto”,
nem sempre refletem o mesmo comportamento que
expressam frente a avaliacdo de varios atributos numa
escala hedonica de varios pontos (20). Ainda nesta
analise de preferéncia relativa as varias incorporagdes
e castas, a mais apreciada foi a Touriga Nacional com
15% de incorporagdo de bagaco de uva. Contudo, estas
diferengas nao foram estatisticamente significativas.
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was relative to the sweet cookie with 15% incorporation
of Arinto grape pomace. Finally, when the data were
analyzed according to the incorporation percentage, the
most appreciated sweet cookie was the one with 15%
grape pomace incorporation, however, the differences
were not statistically significant between the varieties.
The highest percentage of individuals who did not
appreciate the cookies analyzed also referred to the
incorporation of 15% of grape pomace, thus, these results
were inconclusive. It should be noted that the choice
of 15% and 20% of grape pomace flour incorporation
is related to the results obtained in a previous study
conducted by Palma et al., in which the participants
showed a clear preference for samples that contained
the highest percentage of incorporation (15%). Also,
previous studies with other matrices used percentages
of incorporation of 20% (21-23), which is why we
consider it important to evaluate the acceptability of
the participants for higher incorporation than we had
previously studied.

The main limitation of the study was the pandemic
context and the recommendations and norms of the
General Directorate of Health (DGS), which made
it impossible to gather a group of trained tasters and
used the methodology indicated for these types of tests.
Other limitations were the form in which we accessed
each participant’s opinion, as the questionnaire created
through the Google Forms platform appeared not
suitable for an overaged population. Another limitation
was the exclusion and inclusion criteria; in the current
context, the only criteria used were the availability
and willingness to participate. The main strength
was the possibility of assessing, for the first time, the
acceptability of cookies with a 20% incorporation of
grape flour. The maximum we had previously tested
was 15% incorporation.

Conclusion

The results obtained although they show a preference
for the control cookie, the differences are not
statistically significant. It is not possible to conclude
from these results which is the most appreciated
incorporation by consumers. In the assessment with
several attributes and the overall assessment, the
respondents refer a preference for the cookie with 15%
incorporation of flour from Arinto, without statistically
significant differences. However, faced with the option
of choosing between “liked a lot,” “liked more or less”
and “did not like,” the cookie with the highest score,
with statistically significant differences, is the cookie
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A percentagem mais elevada de individuos que
menos apreciaram, foi relativa a bolacha doce com
incorporagdo de 15% de bagaco de uva de Arinto.
Finalmente, quando se analisaram os dados em funcao
da percentagem de incorporagdo, a bolacha doce mais
bem aceite foi a que continha 15% de incorporagao de
bagaco de uva, no entanto, as diferencas ndo foram
estatisticamente significativas entre as castas. A maior
percentagem de individuos que ndo apreciaram as
bolachas analisadas, referiu-se também a incorporacao
de 15% de bagagco de uva, sendo estes resultados
pouco conclusivos. De salientar que a escolha de
15% e 20% de incorporacao de farinha de bagaco de
uva, esta relacionada com os resultados obtidos num
estudo anterior realizados por Palma et al, na qual os
participantes mostraram uma clara preferéncia para
as amostras que continham a maior percentagem de
incorporagdo (15%), para além disso estudos anteriores
(21-23) com outras matrizes usaram percentagens de
incorporagdo de 20%, razao pela qual consideramos
importante avaliar a aceitabilidades dos participantes
para uma incorporagdo superior a que anteriormente
tinhamos estudado.

A principal limitacdo do estudo foi o contexto
pandémico e as recomendacdes ¢ normas da Dire¢do
Geral da Satude (DGS), por causa delas foi impossivel
reunir um grupo de provadores formados e utilizar a
metodologia indicada para estes tipos de testes. Outras
limitagdes foram a forma em que acedemos ao parecer
do participante, o questionario criado através da
plataforma Google Forms parece ndo ser adequado a
uma populagdo com excesso de idade. Outra limitacao
¢ o critério de exclusdo e inclusdo, no contexto atual, o
unico critério utilizado foi a disponibilidade ¢ a vontade
de participar. O principal ponto forte foi a possibilidade
de avaliar a aceitabilidade dos cookies com uma
incorporagdo de 20% de farinha de uva, um valor nunca
antes avaliado, uma vez que o maximo que tinhamos
testado até agora tinha sido uma incorporagdo de 15%.

Conclusoes

Os resultados obtidos embora mostrem uma preferéncia
para a bolacha controlo ndo existem diferencgas
estatisticamente significativas entre eles. Face aos
resultados ndo € possivel concluir qual a incorporagao
mais apreciadapelos consumidores, ja que, naapreciacao
com varios atributos e na apreciagdo global os inquiridos
referem uma preferéncia, sem diferengas significativas,
para a bolacha com 15% de incorporagdo de farinha
de Arinto, mas face a opgdo de escolha entre “gostei



with 15% incorporation of flour from Touriga Nacional.
The results showed a preference of consumers for the
incorporation of 15% for both Arinto and Touriga
Nacional flours, however, given the preliminary
character of this study, we consider that other studies
should be conducted with trained tasters in which
increased incorporation of grape pomace flour is
evaluated in both sweet and salty matrices.

Authors Contributions Statement

M.N, M.L.P, P.P - conceptualization and study design;
M.N, M.L.P, P.P - experimental implementation; C.F.P.
- data analysis; M.N, M.L.P, PP, C.F.P. - drafting,
editing and reviewing; C.F.P. - figures and graphics;
M.N, M.L.P, P.P, C.F.P. - supervision and final writing.

Funding

This research was funded by Fundagdo para a Ciéncia
e a Tecnologia (FCT, Portugal), through projects
UIDP/04567/2020 and UIDB/04567/2020. P.P.
Gratefully acknowledges the support of the CERENA
strategic project FCT-UID/EC1/04028/2019.

C.F-P. is funded by Foundation for Fundagdo para a
Ciéncia e a Tecnologia (FCT) Scientific Employment
Stimulus contract with the reference number CEEC/
CBIOS/NUT/2018.

Acknowledgments

The authors acknowledge all the participants.

Conflict of Interests

The authors declare that no financial or personal
relationship could present a potential conflict of interest.

Sensory evaluation of grape pomace cookies
Avaliagdo sensorial de bolachas com bagago de uva

muito”, Gostei mais ou menos” e “nao gostei” a bolacha
que tem maior score, com diferencgas estatisticamente
significativas, ¢ a bolacha com 15% de incorporacao de
farinha de Touriga Nacional. Os resultados mostraram
uma preferéncia dos consumidores pela incorporacao
de 15% tanto para a farinha de Arinto como para a de
Touriga Nacional, contudo dado o carater preliminar
deste estudo consideramos que devem ser realizados
outros estudos com provadores treinados em que o
aumento da incorporacdo seja avaliado, tanto em
matrizes doces como salgadas.

Declaracio sobre as contribui¢cdes do autor

M.N, M.L.P, PP - concegdo ¢ desenho do estudo;
M.N, M.L.P, P.P. - implementagdo experimental; C.F.P.
- analise de dados; M.N, M.L.P, P.P, C.F.P - redagao,
edicdo e revisao; C.F.P - figuras e graficos; M.N, M.L.P,
P.P, C.F.P - supervisao e redagdo final.

Financiamento

Este trabalho ¢ financiado por fundos nacionais através
da FCT - Fundagdo para a Ciéncia e Tecnologia,
I.P., ao abrigo dos projetos UIDB/04567/2020 e
UIDP/04567/2020.

Cintia Ferreira Pégo ¢ financiada pela Fundagdo para
a Ciéncia e Tecnologia (FCT) mediante o Contrato
de Estimulo ao Emprego Cientifico com o numero de
referéncia CEEC/CBIOS/NUT/2018.

Agradecimentos

Os autores agradecem a todos os participantes.

Conflito de Interesses

Os autores declaram que ndo existe uma relagdo
financeira ou pessoal que possa ser entendida como
representando um potencial conflito de interesses.

101



M. Lidia Palma et al

References / Referéncias

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Organizagdo das Nagdes Unidas (2015). Objetivos de desenvolvimento sustentavel e o BCSD Portugal. Retrieved from https://unric.
org/pt/objetivos-de-desenvolvimento-sustentavel/

Gomez-Brandon, M., Lores, M., Insam, H., & Dominguez, J. (2019). Strategies for recycling and valorization of grape marc. Critical
Reviews in Biotechnology, 39(4), 437-50. https://www.tandfonline.com/doi/abs/10.1080/07388551.2018.1555514

Costa, M., Torres, A., Fernandes, A., Freitas, J., Teodosio, J., Pintado, M., & Leandro, E. (2007). a avaliagdo da qualidade do composto
de bagago de uva como fertilizante organico. Actas Portuguesas de Horticultura, 85-92.

Fontana, A. R., Antoniolli, A., & Bottini, R. (2013). Grape pomace as a sustainable source of bioactive compounds: Extraction, charac-
terization, and biotechnological applications of phenolics. Journal of agricultural and food chemistry, 61(38), 8987-9003.

Oliveira, V.P.F. (2016). Valorizagdo de subprodutos da vinha e do vinho - composigdo fendlica e atividade antioxidante [tese de Mes-
trado, Universidade Lus6fona] de Humanidades e Tecnologias. http://hdl.handle.net/10437/7213

Zacharof, M.P. (2017). Grape winery waste as feedstock for bioconversions: Applying the biorefinery concept. Waste Biomass Valor, 8,
1011-25. https://doi.org/10.1007/s12649-016-9674-2

Soto, M.L., Falqué, E., & Dominguez, H. (2015). Relevance of natural phenolics from grape and derivative products in the formulation
of cosmetics. Cosmetics, 2, 259-76. https://doi.org/10.3390/cosmetics2030259

Leal, C., Gouvinhas, 1., Santos, R.A., Rosa, E., Silva, A.M., Saavedra, M.J., & Barros, A.ILR.N.A. (2020). Potential application of grape
(Vitis vinifera L.) stem extracts in the cosmetic and pharmaceutical industries: valorization of a by-product. Industrial Crops and Prod-
ucts, 154:112675. https://doi.org/10.1016/j.indcrop.2020.112675

Garcia-Lomillo, J., & Gonzalez-SanJosé, M. L. (2017). Applications of wine pomace in the food industry: Approaches and functions.
Comprehensive reviews in food science and food safety, 16(1), 3-22. https://doi.org/10.1111/1541-4337.12238.

Strapasson, G. C. (2016). Caracterizagao ¢ utilizagdo do residuo de produgdo de vinho no desenvolvimento de alimentos com propriedade
funcional. [tese de doutoramento, Universidade Federal do Parana] Universidade Federal do Parana. https://hdl.handle.net/1884/42386
Yu, J. & Ahmedna, M. (2013). Functional components of grape pomace: Their composition, biological properties and potential applica-
tions. International Journal of Food Science and Technology, 48, 221-37. https://doi.org/10.1111/§.1365-2621.2012.03197.x

Instituto Nacional de Estatistica. (2021). Boletim Mensal da Agricultura e Pescas : janeiro de 2021. Retrieved March 5, 2021, from
https://www.ine.pt/xurl/pub/71883762

Hogervorst J. C., Milji¢ U., & Puskas, V. (2017). Extraction of bioactive compounds from grape processing by-products. In Charis
M. Galanakis (Eds.), Grape Processing By-Products (pp105-135). Handbook of Academic Press. ISBN 9780128098707 https://doi.
org/10.1016/B978-0-12-809870-7.00005-3

Nicolai, M., Pereira, P., Rijo, P., Amaral, O., Amaral, A.,& Palma, L. (2018). Vitis vinifera L. pomace: Chemical and nutritional charac-
terization. Biomedical and Biopharmaceutical Research Journal, 15(2), 156—66. http://www.alies.pt/BBR%20Editions/Vol-15-2-2018/
art2.pdf

Antoniolli, A., Fontana, A. R., Piccoli, P., & Bottini, R. (2015). Characterization of polyphenols and evaluation of antioxidant capacity
in grape pomace of the cv. Malbec. Food Chemistry, 178, 172-8. https://doi.org/10.1016/j.foodchem.2015.01.082

Fontana, A., Antoniolli, A., D’Amario Fernandez, M. A., & Bottini, R. (2017). Phenolics profiling of pomace extracts from different
grape varieties cultivated in Argentina. RSC Advances, 7(47), 29446-57. https://doi.org/10.1039/C7TRA04681B

Abreu J, Quintino I, Pascoal G, Postingher B, Cadena R, & Teodoro A. (2019). Antioxidant capacity, phenolic compound content and
sensory properties of cookies produced from organic grape peel (Vitis labrusca) flour. /nt J Food Sci Technol., 54(4),1215-24. https://
ifst.onlinelibrary.wiley.com/doi/abs/10.1111/ijfs.14100

Mildner-Szkudlarz, S., Bajerska, J., Zawirska-Wojtasiak, R., & Gorecka, D. (2013). White grape pomace as a source of dietary fibre and
polyphenols and its effect on physical and nutraceutical characteristics of wheat biscuits. Journal of the Science of Food and Agriculture,
93(2), 389-95. https://doi.org/10.1002/jsfa.5774

Palma, M.L., Nunes, M.C., Gameiro, R., Rodrigues, M., Gothe, S., Tavares, N., Pego, C., Nicolai, M., & Pereira, P. (2020) Preliminary
sensory evaluation of salty crackers with grape pomace flour. Biomedical and Biopharmaceutical Research Journal, 17(1), 33—43.
http://alies.pt/BBR%20Editions/Vol-17-1-2020/bbr.17.1.222.pdf

Civille, G. V., & Oftedal, K. N. (2012). Sensory evaluation techniques - make “good for you” taste “good”. Physiology & Behavior,
107(4), 598-605. https://doi.org/10.1016/j.physbeh.2012.04.015

Kuchtova, V., Kohajdova, Z., Karovi¢ova, J., & Laukova, M. (2018). Physical, textural and sensory properties of cookies incorpo-
rated with grape skin and seed preparations. Polish Journal of Food and Nutrition Sciences, 68(4), 309—17. https://doi.org/10.2478/
pjfns-2018-0004

Kuchtova, V., Karovic¢ova, J., Kohajdova, Z., Minarovicova, L., & Kimli¢kova, V. (2016). Effects of white grape preparation on sensory
quality of cookies. Acta Chimica Slovaca, 9(2), 84-8. https://doi.org/10.1515/acs-2016-0014

Civille, G.V., & Carr, B.T. (2015). Sensory evaluation techniques. (5th ed.). CRC Press, https://doi.org/10.1201/b19493

102


about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank
about:blank

D
Biopharmaceutical

Research doi: 10.19277/bbr.18.1.255
e g A e sutica

C
)

Use of chromium-enriched yeast in the manufacture of French bread
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Abstract

Bread enriched with chromium has been associated with improved glycemic control. The purpose of this study was the
production of a bread with chromium (Cr III) -enriched yeast which maintained overall bread quality. A formulation of
French bread was prepared using an inactive yeast enriched with Cr III for comparison against a control bread made
with standard yeast. Yeast fermentation power and bread color and texture were evaluated. There were no differences in
the color (crumb and crust) or the firmness of the bread crumb, despite a significant difference (p < 0.05) in the yellow
tonality (b*) of the bread crumb. Regarding cohesiveness, samples present similar values but a significant difference (p
< 0.05) was detected between control and chromium breads. The average value of chromium in bread after processing
was 1.717 pg/g in dry samples. This study concludes that it is possible to produce French bread with chromium enriched
- yeast without changing the technological process or dramatically affecting its color and texture characteristics.

Keywords: Yeast, chromium - enriched, French bread, texture, color

Resumo

O pao enn'quecido com levedura contendo crémio esta associado a melhoria do controlo glicémico. Foi preparada uma
formulag@o de pao tipo Francés usando uma levedura inativa enriquecida em Cr I e outra sem o metal, usada para efeitos
de comparagao e controlo. O presente trabalho tem como objetivo produzir um pao com levedura enriquecida em cromio
trivalente (Cr I1I), mantendo a qualidade global do pao. Foi avaliado o poder de fermentagao da levedura, a cor e a textura
do pao. Em geral, as duas amostras de pao apresentam valores idénticos de cor (codea e miolo) e firmeza (miolo), embora
exista uma diferenca significativa (p < 0,05) na tonalidade amarela (b*) do miolo. Em relagdo a coesividade, e embora
os valores sejam similares, obteve-se uma diferenca significativa (p < 0,05) entre o pdo controlo e o0 pao com crémio.
O valor médio do crémio no pao apos o processamento foi de 1,717 pg/g em amostra seca. Esta pesquisa conclui que €
possivel produzir pao tipo Francés com levedura enriquecida com Cr III sem alterar o processo tecnologico e sem afetar
consideravelmente as suas caracteristicas de cor e de textura.

Palavras-chave: Levedura enriquecida com cromio, pao tipo Francés, textura, cor
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Introduction

Bread is widely consumed as part of traditional diets
and is an important source of dietary energy. Bread has
been one of the bases of daily food, due to its nutritional
characteristics and palatability, highly appreciated
by consumers. The variety of cereal products and
production techniques vary considerably around the
world. The nutritional value of bread may increase
depending on the mixture of other cereal flours or
ingredients other than wheat flour (1).

Despite the variety of bread available on the market,
consumers tend to prefer different types of bread
in addition to the traditional white bread for some
reasons, such as being healthy, having good taste, for
the nutritional value and being recommended by some
health professionals (1). In the current market context,
and according to the European Food Safety Authority,
the development of functional foods is a main priority
to achieve beneficial nutritional properties and/or
reduce risk factors for the development of a human
disease (2). In this context, bread is an excellent vehicle
for introducing functional ingredients. As a staple
food, it contributes to the highest proportion of dietary
carbohydrates and constitutes an inseparable part of
the standard of the Mediterranean diet. In addition,
consumption is a strategy to achieve better glycemic
control, being beneficial to health (3,4).

Trivalent chromium, or chromium 3 (Cr III), is found in
foods and dietary supplements and is used to reduce the
risk of diabetes or to complement conventional medical
therapies used to control diabetes (5), although the
World Health Organization recommends that chromium
III supplementation should not exceed 250 pg/day (6).

According to Racek et al. (7), bread with yeast enriched
with Cr was beneficial in patients with type 2 diabetes
mellitus, probably due to lower insulin resistance,
leading to improved glucose tolerance. Yanni et al.
(8) showed that bread enriched with Cr yeast (at a
concentration of 500 pug Cr/ 50 g of carbohydrates) is
capable of reducing the postprandial glycemic response.

The objective of this work was to produce a bread with
physical characteristics of color (crust and crumb) and
crumb texture (firmness and cohesiveness) within the
commercial standard of French bread, while taking
advantage of the health benefits of including chromium
in the diet of consumers.
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Introducao

O pao ¢ amplamente consumido como parte das dietas
tradicionais sendo uma importante fonte de energia
dietética. O pao tem sido uma das bases da alimentagao
diaria, devido as suas caracteristicas nutricionais ¢ a sua
palatibilidade, altamente apreciado pelo consumidor. A
variedade de produtos de cereais e técnicas de producdo
variam consideravelmente em todo o mundo. O valor
nutricional do pao pode aumentar consoante a mistura
de outras farinhas de cereais ou de outros ingredientes
para além da farinha de trigo (1).

Apesar da variedade de paes disponiveis no mercado,
os consumidores tendem a preferir diferentes tipos
de pao além do tradicional pdo branco por alguns
motivos, como ser saudavel, ter bom gosto, pelo valor
nutricional e ser recomendado por algum profissional
de satde (1). No contexto atual do mercado, e de
acordo com a Autoridade Europeia de Seguranca
Alimentar (EFSA), o desenvolvimento de alimentos
funcionais € uma prioridade, para alcangar propriedades
nutricionais benéficas e/ou reduzir um fator de risco
de desenvolvimento de determinada doenca humana
(2). Neste contexto, o pdo ¢ um excelente veiculo
para introducdo de ingredientes funcionais, ja que ¢
um alimento de grande consumo, contribuindo com a
maior proporc¢ao de hidratos de carbono na alimentagao
e constitui uma parte inseparavel do padrao da dieta
Mediterranea. Além disso, o seu consumo ¢ uma
estratégia para alcancar melhor controlo glicémico,
sendo benéfico a satude (3.4).

O crémio trivalente, ou cromio 3 (Cr III), encontra-se
em alimentos e suplementos dietéticos e ¢ usado para
reduzir o risco de diabetes ou para complementar as
terapias médicas convencionais usadas no controle
do diabetes (5). A Organizagdo Mundial da Saude
considera que a suplementagao de cromio 11l ndo deve
exceder 250 pg/dia (6).

De acordo com Racek et al (7), o pdo com levedura
enriquecida com Cr foi benéfico em pacientes com
diabetes mellitus tipo 2, provavelmente devido a menor
resisténcia a insulina, levando a melhoria da tolerancia a
glucose. Yanni et al. (8) mostrou que o pao enriquecido
com levedura de Cr (na concentragao de 500 pg Cr/ 50g
de hidratos de carbono) é capaz de reduzir a resposta
glicémica pos-prandial.

O objetivo do presente trabalho ¢ obter um pao com
caracteristicas fisicas de cor (codea e miolo) e de textura
do miolo (firmeza e coesividade) dentro do padrdo
comercial do pao tipo Francés, com os beneficios da
inclusdo do crémio na dieta dos consumidores.



Materials and methods

Yeast Production

Saccharomyces cerevisiae enriched with Cr 1II,
developed in a partner's laboratory, was grown in
enriched medium. Lalmin® Cr2000 (Lallemand,
Estonia) is a dry and inactive whole cellulose yeast
product containing high levels of chromium. The yeast
cream is pasteurized, roller dried, and ground to provide
2.0 - 2.4 mg Cr/g.

Based on the fact that Lalmin® Cr2000 contains 0.2%
chromium (Source: https // bio-lallemand.com / health-
ingredients / products / lalminr-chromium /), 60 mg of
this product will provide 120 pg of chromium, each
bread produced (60 g of raw dough), according to the
formulation in Table 1, will have approximately 0.2 mg
of chromium.

Preparation of Bread

The formulation of French bread is presented in Table
1. Initially, wheat flour T65 (Nacional), dry yeast
(Instaferm), salt, Clean Label S500 improver (Puratos)
and Lamin® Cr2000 (only use in the sample with Cr)
were added to the kneader (Brettechnica, Portugal) and
previously mixed (2 min), at low speed. The water was
then added, and the mixture kneaded at the fastest speed,
until it was smooth and elastic (10 min). After resting for
15 min, in the incubator (Ramalhos), at a temperature
of 26°- 28° C, the dough was divided into 60 g pieces,

Table 1 - French bread formulation
Tabela 1 - Formulagio de pao tipo Francés.

Use of chromium—enriched yeast in French bread
Utilizag¢do de levedura enriquecida em cromio em pdo tipo Francés

Material e Métodos

A Producdo da Levedura

A levedura Saccharomyces cerevisiae enriquecida com
Cr 111, desenvolvida no laboratorio de um parceiro, foi
cultivada em meio enriquecido. O Lalmin® Cr2000
(Lallemand, Estonia) é um produto de levedura de
celulose integral, seca e inativa, contendo niveis
elevados de cromo. O creme de levedura é pasteurizado,
seco com rolo e moido, fornecendo 2,0 - 2,4 mg Cr/g.

Tendo por base que o Lalmin® Cr2000 contém 0,2 %
de cromio (Fonte: https//bio-lallemand.com/health-
ingredients/products/lalminr-chromium/), 60 mg deste
produto fornecera 120 pug de crémio, cada pao produzido
(60 g de massa crua), conforme formula¢ao da Tabela
1, possuira aproximadamente 0,2 mg de cromio.

Preparagdo do Pdo

A formulacdo do pao tipo Francés esta apresentada
na Tabela 1. Inicialmente, a farinha de trigo T65
(Nacional), a levedura seca (Instaferm), o sal, o
melhorante Clean Label S500 (Puratos) e o Lamin®
Cr2000 (utilizado apenas na preparacdo da amostra
contendo crémio) foram adicionados na amassadeira
(Brettechnica, Portugal) e previamente misturados (2
min), na velocidade baixa. A agua foi entdo adicionada
e a mistura amassada na velocidade mais rapida, até
atingir o ponto de véu (10 min). Depois de descansar
por 15 min na incubadora (Ramalhos), a temperatura

AControl ACr

Ingredients / Ingredientes % g % g
Wheat flour T65 /

Farinha de Trigo T65 100 1000 100 1000
Lalmin Cr2000 * - - 0.3 3
Dry yeast / Levedura seca 1 10 1 10
Water / Agua 60 600 60 600
Salt / Sal 1.8 18 1.8 18
Clean label S500 / Melhorante S500 0.5 5 0.5 5
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moulded in the shape of French bread in the modeler
(Brettechnica). After being placed on the baking sheets,
the breads were left to rise for 60 min at 30° C in the
incubator (Ramalhos, Portugal). Finally, with the help
of a stylus, cuts were made in the breads and then they
were baked in the oven (Ferneto, Portugal), preheated
to 220° C (upper element) and 230° C (lower element),
with low humidity level for 15 min. In the production of
control breads, the same procedure was repeated, with
the exception of the addition of Lalmin® Cr2000.

Sampling

The bread samples were cut into 2 cm slices measured
with a digital caliper (Platinum, United Kingdom).
The ends of the bread were neglected, leaving only
the central part. The analysis of texture and color were
performed after cooling the breads on the day they were
prepared.

Yeast fermentation power

To determine the fermentative power of the yeast for the
control and Cr samples, 40 g % 4 of dough was removed
from each of the samples, after kneading. That quantity
was placed in beakers for measuring the volume, left to
incubate at 30° C, being removed and photographed at
30, 60, 90 and 120 min (4 beakers/ sample).

Color

The color was measured using a Minolta CR-300
colorimeter (Minolta, Japan), equipped with a standard
D65 illuminator and a phase angle of 2°. The results
were expressed using the CIELab* color system that
uses Cartesian axes with three coordinates: L*, which
quantifies luminosity and ranges from zero (black) to
100 (white); a*, to indicate the intensity of red and -a*
to indicate the intensity of green; b* to indicate the
intensity of yellow and -b* to indicate the intensity of
blue. The values of the coordinates a* and b* typically
range from -60 to 60. Measurements were conducted
under the same light conditions, using a white standard
and fluorescent artificial light, at room temperature.
Each sample was tested ten times for the crumb. Due
to the lack of homogeneity in the color of the crust, the
number of measurements for the crust was increased
from 10 to 30.
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de 26°— 28° C, a massa foi dividida em pedagos de 60
g e moldada em formato de pao Francés na modeladora
(Brettechnica). Depois de colocados nas assadeiras,
os paes ficaram a fermentar por 60 min a 30° C,
na incubadora (Ramalhos, Portugal). Por fim, com
auxilio de um estilete, foram feitos cortes nos paes e,
em seguida, foram assados durante 15 min no forno
(Ferneto, Portugal), com pouca humidade, pré aquecido
a220° C (teto) e 230° C (lastro). Na produgdo dos paes
controlo, o mesmo procedimento foi repetido, com
excecdo da adi¢do de Lalmin® Cr2000.

Amostragem

As amostras de pao foram cortadas em fatias de 2 cm
com o auxilio de um paquimetro digital (Platinum,
Reino Unido). Foram desprezadas as pontas do pao,
ficando apenas a parte central. As andlises de textura e
cor foram realizadas apds o arrefecimento dos paes no
dia da preparacao.

Poder de fermentacdo da levedura

Para a determinacao do poder fermentativo da levedura
na amostra controlo e na amostra com Cr, foram retiradas
40 g x 4 de massa crua de cada uma das amostras, apos
amassadura. Essa quantidade foi colocada em provetas
para medicao do volume, e deixada a incubar a 30° C,
sendo retirada e fotografada aos 30, 60, 90 e 120 min (4
provetas/amostra).

Cor

A cor foi medida usando um colorimetro Minolta CR-
300 (Minolta, Japao), equipado com um iluminante
padrao D65 e um angulo de fase de 2°. Os resultados
foram expressos usando o sistema de cores CIELab*
que utiliza eixos cartesianos com trés coordenadas: L*,
que quantifica a luminosidade e varia de zero (preto)
até 100 (branco); a*, para indicar a intensidade de
vermelho e -a* para indicar a intensidade de verde; b*
para indicar a intensidade de amarelo e -b* para indicar
a intensidade de azul. Os valores das coordenadas a* e
b*, normalmente, variam de -60 até 60. As medi¢Oes
foram conduzidas sob as mesmas condi¢des de luz,
usando um padrao branco e luz artificial fluorescente,
a temperatura ambiente. Cada amostra foi testada dez
vezes para o miolo. Devido a falta de homogeneidade
da cor da codea, o nimero de medi¢des na codea foi
aumentado de 10 para 30.



The total color difference between the bread containing
Cr and the AControl was calculated using the equation:

AE* = [(AL*)2 + (Aa*)2 + (Ab*)2]1/2  [Eq. 1].

Texture

The bread samples were cut into 2 cm slices with the aid
ofadigital caliper (Platinum). The texture was evaluated
on a TA-XTplus texturometer (Stable MicroSystems,
United Kingdom) equipped with a 5 kg load cell using
Texture Profile Analysis (TPA). A cylindrical probe 19
mm in diameter (P19), a cross-head speed of 1 mm/s and
a waiting time of 5 s between the two penetration cycles
were used. The measurements were repeated ten times
for each bread sample. Firmness and cohesiveness were
the texture parameters used to discriminate different
bread samples, as has been previously used by other
authors (9,10). Firmness is the maximum resistance to
penetration (N) and cohesiveness is related to the level
of structure between the elements that take part in the
bread structure (11).

Chromium Il analysis

The measurement of Cr III was carried out using a
validated methodology and used by Soares et al. (12) in
bread samples after drying.

Statistical analysis

Data were presented by means (standard deviation),
the Shapiro-wilk test was used to test the normality of
the distribution of variables. The variables with normal
distribution were tested using the student's ¢ test. The b*
color of the crust did not present a normal distribution
and was tested by the equivalent non-parametric test,
the Mann-Whitney test. The data were analyzed using
SPSS version 23.0 (IBM Inc., Armonk, NY, USA)..
Results were considered statistically significant when
p-value <0.05.

Use of chromium—enriched yeast in French bread
Utilizag¢do de levedura enriquecida em cromio em pdo tipo Francés

A diferenca total de cor entre o pdo com Cr e a amostra
AControl foi calculada usando a seguinte equacao

AE* = [(AL*)2 + (Aa*)2 + (Ab*)2]1/2 [Eq. 1].

Textura

As amostras de pdo foram cortadas em fatias de 2 cm
com o auxilio de um paquimetro digital (Platinum).
A textura foi avaliada num texturémetro TA-XTplus
(Stable MicroSystems, Reino Unido) equipado com
uma célula de carga de 5 kg usando a Analise de Perfil
de Textura (TPA). Utilizou-se uma sonda cilindrica de
19 mm de didmetro (P19), uma velocidade de 1 mm/s
e um tempo de espera de 5 s entre os dois ciclos de
penetracdo. As medi¢des foram repetidas dez vezes
para cada amostra de pao. Os pardametros de textura
utilizados para discriminar as amostras foram a firmeza
e coesividade, tal como reportado noutros estudos
realizados em pao (9,10). A firmeza corresponde a
resisténcia maxima a penetragdo da sonda (N) e a
coesividade esta relacionada com o nivel de estruturagao
entre os elementos responsaveis pela estrutura do pao

(11).

Doseamento do Cromio I11

O doseamento do Cr III foi realizado com metodologia
validada e usada por Soares et al. (12) em amostras de
pao apos secagem.

Andlise estatistica

Os dados foram apresentados por meédia (desvio
padrao), o teste de Shapiro-wilk foi utilizado para
testar a normalidade da distribuicdo das variaveis.
As variaveis com distribuicdo normal foram testadas
usando o ¢ teste de student. A variavel b* da cor da
crosta, ndo apresentou distribui¢do normal e foi testada
pelo teste ndo paramétrico equivalente, o teste de
Mann-Whitney. Os dados foram analisados pelo SPSS
versdao 23.0 (IBM Inc., Armonk, NY, EUA), sendo
considerado um resultado com significado estatistico,
quando p-value < 0,05.
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Table 2 - Volume of the dough, in mL, after 30, 60, 90 and 120 min of fermentation in the incubator at 30°C, for
the control sample (AControl) and the sample with chromium (ACr).

Tabela 2 - Volume da massa, em mL, apds 30, 60, 90 e 120 min de fermentacao, em incubadora a 30° C, para a
amostra controlo (AControl) e a amostra com crémio (ACr).

Fermentation time /

. Tempo fermentagdo (min) 30 .......... é? .......... .9.9. N 120 ......
AControl (mL) 40 90 120 160
ACr (mL) 40 90 124 176
3 30 min 60 min 60 min
I =
E
=
A& -
90 min 90 min 120 min 120 min

Figure 1 - Photographic register of dough growth at 30 min, 60 min, 90 min and 120 min, after leavening at 30°
C in the incubator.

Figura 1 - Registo fotografico do crescimento da massa aos 30 min, 60 min, 90 min e 120 min, ap6s levedar a
30° C na incubadora.
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Results and Discussion

The dough volume test that evaluates the fermentation
power of yeast allows to determine if Cr III influences
the fermentative capacity (13). The results obtained
are showed in Figure 1 and in Table 2. It is possible
to observe that in shorter fermentations (up to 60 min)
the volume of the dough does not differ between the
AControl and ACr samples. And in longer fermentations
(90 and 120 min) the ACr sample has greater volume
than the AControl. This is in agreement with the results
obtained by Jialong et al. (14), where the growth of S.
cerevisiae in the presence of chromium showed a lag
phase much longer than in the absence of chromium.
In terms of technological performance, this effect of
chromium on yeast activity may be more interesting
in long-fermentation breads, which are increasingly
produced and consumed.

The results obtained for the crumb color, crust color
and crumb texture parameters are presented in Tables
3 and 4.

Use of chromium—enriched yeast in French bread
Utilizag¢do de levedura enriquecida em cromio em pdo tipo Francés

Resultados e Discussao

O teste de volume de massa que avalia o poder de
fermentagdo da levedura permite determinar se o Cr III
influencia a capacidade fermentativa (13). Os resultados
obtidos estdo apresentados na Figura 1 e na Tabela 2. E
possivel observar que em fermentagdes mais curtas (até
60 min) o volume da massa nao difere entre as amostras
AControl e ACr. Em fermentagdes mais longas (90 e
120 min) a amostra ACr apresenta maior volume que
a amostra AControl. Este resultado esta de acordo com
o estudo de Jialong et al. (14), where the growth of S.
cerevisiae in the presence of chromium showed a lag
phase much longer than in the absence of chromium.
Em termos tecnolodgicos, este efeito do cromio na
atividade da levedura poderda ser mais interessante
em paes de fermentacdo longa, que sdo cada vez mais
procurados e produzidos.

Os resultados obtidos para os parametros de cor do
miolo e codea dos paes e para os parametros de textura
do miolo sdo apresentados nas Tabelas 3 ¢ 4.

Table 3 - Results for the bread color (crumb and crust) for the control sample (AControl) and the sample with

chromium (ACr) (+ standard deviation)

Tabela 3 - Resultados das analise de cor no pao (miolo e codea) com crémio (ACr) e sem cromio (AControl)

que serviu de controlo (xdesvio-padrao).

Crumb color / cor do miolo

Crust color / cor da codea

L* a* b*  AE* L* a* b*  AE*
AComrol 973 020 13.12¢ 7219 791 34.66
(£2.20) (£0.07) (x0.79) *228) (£1.62) (£1.50) -
80.09  -0.22  14.36* 7259 727 34.02
ACr @141)  (£0.18) (2055 ¥ @279) (@254 @274 O

*A significant difference (p value < 0.05) was found between the samples for all color parameters.
*Foi encontrada uma diferenca significativa (para um valor de p <0,05) entre as amostras para todos os pardmetros de cor

Table 4 - Results for the bread color (crumb and crust) for the control sample (AControl) and the sample with

chromium (ACr) (+ standard deviation)

Tabela 4 - Resultados das analise de cor no pao (miolo e cédea) com créomio (ACr) e sem cromio (AControl) que

serviu de controlo (+desvio-padrio).

Texture / Textura

Firmness / firmeza

Cohesiveness / coesividade

N)

(Adimensional / sem dimensao)

AControl 0.591 (+0.091)

0.826* (+0.016)

ACr 0.680 (+0.100)

0.810% (£0.014)

* A significant difference (p value < 0.05) was found between the samples
*Uma diferenca significativa (para um valor de p < 0,05) foi encontrada entre amostras.
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Both samples have a high L* parameter, a* negative
(green) and b* positive (yellow), for the crumb. A
significant difference (p < 0.05) was found between the
AControl and the ACr sample for the b* parameter. L*
and a* values do not present significant differences (p >
0.05). The color of the crumb is more directly related to
the coloration of the ingredients, since it does undergo
less reactions during baking, in contrast to the crust that
undergoes Maillard reactions, changing it drastically
(15). Thus, the sample produced with Cr has a slightly
more yellow color, probably due to the coloring of
Lalmin® Cr2000. Bread crust samples present high L*,
a* positive (red) and b* positive (yellow), and they do
not present significant differences (p < 0.05) between
ACr and the AControl, suggesting that the addition of
Lalmin® Cr2000 does not affect the color, nor will it
affect the consumer's choice. In addition, the literature
indicates that the L* brightness values of the crust
around 70 are well accepted by consumers (15), which is
in line with the results obtained (~ 72). For coordinates
a* and b*, no patterns were found in the literature. The
total color difference AE* between Acontrol and ACr is
1.29 in crumb and 0.99 in bread crust. Despite higher
difference was obtained for crumb, several authors
consider that the human eye only can differentiate
colors when the total color difference AE* > 5 [16].

Regarding texture, values obtained by the Texture
Profile Analysis (TPA) may have been affected by the
characteristic of the samples that had approximate size
and shape, but not standardized. For firmness values
there are no significant difference (p < 0.05) between
samples, and AControl cohesiveness is significantly
higher (p <0.05) compared to ACr, despite the similarity
values.

These results suggest that French bread enriched
in chromium can be produced and consumed like
traditional French bread, since they have very similar
color and texture, both for crust and crumb.

From the nutritional point of view, according to the
studies published by Yanni et al. (4), Costello et al. (5),
and Raceck et al. (6), French bread made with yeast
with the addition of chromium would have a differential
related to its supply of chromium and its contribution in
improving metabolism, thus the two food EFSA health
claims approved for chromium III could be used (17).
The average value of chromium in bread after processing
was 1.717 pg/g in dry samples. Yanni et al. (8) showed
that the daily consumption of a yeast enriched with Cr
with the same proportion of carbohydrates was able to
assist in the treatment/control of diabetes by improving
glucose tolerance and insulin resistance, with a
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Ambas as amostras apresentam o parametro L*
elevado, parametros cromaticos a* negativo (verde)
e b* positivo (amarelo), para o miolo. Verificam-se
diferengas significativas (p < 0,05) para a coordenada
b*, que em média é maior na amostra ACr em relacao
ao AControl. A luminosidade L* e a coordenada a* ndo
diferem significativamente (p > 0,05) entre amostras.
A cor do miolo esta mais diretamente relacionada
com as coloragdo dos ingredientes, uma vez que sofre
menos alteragdes durante a cozedura, em contraste
com a codea que sofre reacdes de Maillard, alterando-a
consideravelmente (15). Desta forma, a amostra
produzida com Cr apresenta uma cor ligeiramente mais
amarela, provavelmente devido a coloracdo de Lalmin®
Cr2000. A codea apresenta elevada luminosidade (L*),
coordenada a* positivo (vermelho) e coordenada b*
positivo (amarelo). Nenhum dos parametros de cor
apresenta diferencas significativas (p < 0,05) entre
amostras, sugerindo que a adi¢do de Lalmin® Cr2000
ndo afeta a cor da cddea, nem afetara a escolha do
consumidor. Além disso, a literatura indica que os
valores de luminosidade L* da crosta em torno de 70
sdo bem aceites pelos consumidores (15), o que esta
de acordo com os resultados obtidos (~ 72). Para as
coordenadas a* e b*, ndo foram encontrados padrdes na
literatura. A diferenca total de cor AE* entre Acontrol
e ACr € 1,29 no miolo e 0,99 na codea do pao. Apesar
de se confirmer uma maior diferenga de cor no miolo,
varios autores consideram que o olho humano so
consegue discriminar as cores quando a diferenca AE*
> 5116].

Em relagdo a textura, os valores obtidos recorrendo a
Analise do Perfil de Textura (7Texture Profile Analysis
— TPA) podem ter sido afetados pela caracteristica das
amostras que tinham tamanho e forma aproximados,
mas ndo padronizados. Verifica-se que embora os
valores de firmeza sejam maiores na amostra ACr,
ndo foi encontrada diferenga significativa (p <0,05)
entre este pdo e o controlo (AControl), enquanto que
a coesividade do pao AControl ¢ significativamente
superior ao pdo ACr (p < 0,05), apesar dos valores
serem semelhantes.

Os resultados obtidos sugerem que o pao de trigo tipo
Francés enriquecido em cromio pode ser produzido e
consumido como o pao Francés tradicional, uma vez
que possuem propriedades semelhantes de cor e textura,
quer ao nivel da codea quer do miolo.

Do ponto de vista nutricional, conforme os estudos
publicados por Yanni et al. (4), Costello et al. (5) e
Racek et al. (7), o pao Francés elaborado com uma
levedura com adigdo de cromio tera um diferencial em



significant reduction in glycated hemoglobin (HbAlc),
weight loss, and lower systolic blood pressure. Thus,
this product may represent an excellent alternative to
fiber bread, a current option to control postmeal plasma
glucose, which has characteristics different than white
bread and thus reduces the interest of some consumers
(18,19).

Conclusions

Although some studies have been published regarding
the impact on human health of using yeast enriched
with Cr (4,5,7,8), to the best of our knowledge, there
are no studies regarding the impact of yeast enriched
in chromium on the overall bread quality (texture and
color). The results of our work demonstrate that it is
possible to produce a bread using yeast enriched with
Cr III without dramatic changes to its texture and color
parameters. Based on these results, the development of
this product for future marketing is of interest.

Nevertheless, our study had some limitations, including
the use of French bread for the assessment of physical
properties. Further, the breads produced were cut,
resulting in a lack of homogeneity in the color of the
crust. The number of measurements was increased to
minimize this variability. Furthermore, despite the
generally existing correlation between sensory results
and the instrumental results obtained in the Texture
Profile Analysis and with the colorimeter, it will be
important to apply hedonic testing to these breads
using a consumer panel, especially regarding flavour.
Evaluations of the effects on glycemic index and the
postprandial response are also suggested.

Use of chromium—enriched yeast in French bread
Utilizag¢do de levedura enriquecida em cromio em pdo tipo Francés

relagdo ao seu aporte de cromio, contribuindo para a
melhoria do metabolismo, podendo ser utilizadas as
duas alegagdes de satide aprovadas pela EFSA para o
croémio trivalente (17). O valor médio obtido para o
crémio do pao em estudo apds o processamento foi de
1,717 pg/g em amostra seca. Yanni et al. (8) mostraram
que o consumo diario de um fermento enriquecido com
Cr na mesma propor¢do de hidratos de carbono foi
capaz de auxiliar no tratamento/controlo da diabetes,
pela melhoria da tolerancia a glucose, resisténcia a
insulina, redugdo significativa na hemoglobina glicada
(HbAlc), perda de peso e menor pressdo arterial
sistolica. Desta forma, este produto pode representar
uma excelente alternativa ao pao de fibra, que até agora
tem sido a opg@o no controlo da glicemia pds-prandial,
mas que tem propriedades estruturais distintas do pao
branco, tornando-o menos interessante para alguns
consumidores (18,19).

Conclusoes

Ha alguns estudos publicados sobre o impacto da adicao
de levedura enriquecida com cromio na satide humana
(4,5,7,8), mas nao conhecemos nenhum estudo sobre o
efeito da utilizagdo de levedura enriquecida em cromio
nas caracteristicas de qualidade (textura e cor) de pao.
Os resultados deste trabalho experimental demonstram
que ¢ possivel produzir um pdo com levedura
enriquecida com Cr III sem alterar consideravelmente
as propriedades de textura e cor do pao. Com base neste
estudo, sera de interesse desenvolver este produto para
comercializagdo futura.

No entanto, este estudo teve algumas limitagdes, como
o uso de pao Francés para a avaliacdo de propriedades
fisicas; os paes produzidos foram cortados, resultando
em falta de homogeneidade na cor da crosta. Para
minimizar essa instabilidade, o numero de medi¢des
foi aumentado. Por outro lado, apesar da correlagdo
geralmente existente entre os resultados sensoriais e os
resultados instrumentais obtidos na Analise de Perfil de
Textura e com o colorimetro, serd importante submeter
estes paes a um teste hedonico recorrendo a um painel
de consumidor, especialmente devido ao atributo sabor.
Sugere-se também a avaliag@o do indice glicémico e da
resposta poés-prandial.
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Abstract

Cancer is the second leading cause of death globally. World Health Organization recorded an estimated 9.6 million
deaths attributed to cancer in 2018. There is an urgent need for new anticancer drugs with novel modes of action.
Natural products remain a valuable source for the identification and development of novel treatment options for
cancer. Plectranthus species are well-known medicinal species used extensively for the treatment of different
illnesses. These species are rich in diterpenoids which are reported to be responsible for various pharmacological
activities including cytotoxic activities. Brine shrimp (Artemia salina) is broadly used in lethality studies and this
model is a convenient starting point for cytotoxicity study when screening for general toxicity of natural products.
This assay is based on their ability to kill a laboratory cultured nauplii. In this work, we report the general toxicity
of some derivatives from 6,7-dehydroroyleanone (1) and 7a-acetoxy-6p-hydroxyroyleanone (2) compounds. The
A. salina bioassay is a simple, rapid, and low-cost test, and is very useful for preliminary assessment of general
toxicity in natural products thereby guiding the determination of possible biological activities.

Keywords: Artemia salina, general toxicity, Royleanone, Plectranthus

Resumo

O cancro ¢ a segunda principal causa de morte no mundo, A Organizagdo Mundial da Satide registou cerca de 9,6 milhdes
de mortes atribuidas ao cancro em 2018. Assim existe uma grande urgéncia por novos fAirmacos anticancerigenos. Os
produtos naturais continuam a ser uma importante fonte para a identificagdo ¢ desenvolvimento de novos tratamentos
para o cancro. O género Plectranthus engloba espécies de plantas bem conhecidas pelas suas propriedades medicinais e
amplamente utilizadas no tratamento de algumas doengas. Estas plantas sdo ricas em diterpenoides, compostos estes que
apresentam diversas atividades farmacoldgicas interessantes, incluindo efeitos citotoxicos. O camardo marinho (Artemia
salina) ¢ amplamente utilizado em estudos de letalidade e ¢ um ponto de partida vantajoso para a pesquisa de toxicidade
geral de produtos naturais. Este ensaio ¢ baseado na capacidade que os produtos naturais apresentam para matar nauplios
criados em laboratdrio. Neste trabalho relatamos a toxicidade geral de alguns derivados preparados a partir dos compostos
6,7-dehidroroileanona (1) e 7a-acetoxi-6p-hidroxiroileanona (2). O bioensaio de 4. salina ¢ um teste simples, rapido e
de baixo custo, muito util para a avaliacao preliminar da toxicidade geral de produtos naturais, orientando assim para
possiveis atividades biologicas.

Palavras-chave: Artemia salina, toxicidade geral, Roileanonas, Plectranthus
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Introduction

During the past three decades, there has been significant
progress in both the understanding and treatment of
cancer. However, cancer remains the second leading
cause of non-communicable disease deaths in the
world. In 2018, there were over 18 million new cancer
cases and approximately 10 million people died from
the disease globally (1,2).

Medicinal plants are considered potential sources for
drug development and many novel products. Natural
products play a relevant role in cancer therapy today.
Substantial numbers of anticancer agents used in the
clinic are either natural or derived from natural products
from various sources such as plants, animals, and
microorganisms (also of marine origin) (3,4). During
the last few decades, a wide range of cytotoxic agents
were discovered from plants, and some of these are used
as anti-cancer drugs. Paclitaxel (Taxol), for example,
one of the most known chemotherapy drugs of natural
origin, was derived from the bark of Taxus brevifolia
and is one of the most active cancer chemotherapeutic
drugs (5).

Artemia salina, commonly known as brine shrimp, is
a tiny halophilic invertebrate belonging to the Phylum
Arthropoda and Subphylum Crustacean, and play an
important role in saline aquatic and marine ecosystems.
In addition to usage as feedstuff in aquaculture, it is
also highly valued for its larvae’s application in toxicity
detection (6). A. salina has gained popularity as a test
organism for short-term toxicity testing because of its
ease of culture, short generation time, and cosmopolitan
distribution (7). In addition, its dormant brine shrimp
eggs remain viable for many years and are therefore
a suitable biological source (8). Other advantages
of using brine shrimp in toxicity testing include
(i) rapidity (i.e. 28=72 h from hatching to the first
endpoint),(ii) cost-effectiveness, (iii) the availability of
nauplii hatched from commercial durable cysts (eggs)
(i.e., homogeneity of the population, availability all-
year-round without the necessity of culturing) (9). Its
use as a test organism is based on cellular mechanisms
that may occur via necrosis, characterized by loss of
membrane integrity, death of cell or apoptosis, a genetic
program of controlled cell death (10). The significant
correlation between the brine shrimp assay and in
vitro growth inhibition of human solid tumor cell lines
demonstrated by the National Cancer Institute (NCI,
USA) further boosts the use of A. salina for general
toxicity testing (11-14). This correlation is significant
because it shows the value of this bioassay as a pre-

General Toxicity screening of Royleanone Derivatives
Avaliagdo da toxicidade geral de derivados de Roil

Introducao

Durante as ultimas trés décadas, houve um progresso
significativo na compreensdo e tratamento do cancro.
No entanto, o cancro continua a ser a segunda causa
de morte por doencas nio transmissiveis no mundo.
Em 2018, havia mais de 18 milhdes de novos casos
de cancro e aproximadamente 10 milhdes de pessoas
morreram da doenca, em todo o mundo (1,2).

As plantas medicinais sdo importantes fontes de
obtencao no desenvolvimento de novos medicamentos
e produtos. Os produtos naturais desempenham um
papel relevante no tratamento do cancro, com um
numero substancial de agentes anticancerigenos, de
uso clinico atual, provenientes de origem natural
ou derivados de produtos naturais, de varias fontes,
como plantas, animais e microrganismos (também de
origem marinha) (3,4). Durante as ultimas décadas,
uma vasta gama de agentes citotoxicos foi descoberta
em plantas, alguns dos quais sao utilizados atualmente
no tratamento do cancro. O paclitaxel (Taxol), por
exemplo, obtido a partir da casca de Taxus brevifolia,
¢ um dos quimioterapicos mais conhecidos de origem
natural em quimioterapia e dos mais ativos (5).

Artemia salina, popularmente conhecido como artémia,
¢ um minusculo invertebrado halofilo pertencente ao
Filo Arthropoda e Subfilo Crustaceo, que desempenha
um papel importante nos ecossistemas salinos aquaticos.
Além do seu uso como alimento na aquicultura,
também ¢ altamente valorizado pelo seu uso de larvas
na avaliacao da toxicidade geral (6). O uso de A4. salina
ganhou enfase em estudos de triagem de toxicidade, de
curto prazo. Isso deve-se a sua facilidade de cultura,
curto tempo de geracao e distribuicdo cosmopolita (7).
Além disso, os ovos de artémia permanecem viaveis
por muitos anos e sdo, portanto, uma fonte bioldgica
adequada (8). Outras vantagens do uso de artémia em
testes de toxicidade incluem: (i) rapidez (ou seja, 28-72
h desde a eclosdo do ovo até o primeiro ponto final);
(i1) custo-beneficio; (iii) a disponibilidade de nauplios
nascidos de cistos duraveis comerciais (ovos) (ou
seja, homogeneidade da populagdo e disponibilidade
durante todo o ano, sem a necessidade de cultivo)
(9). O seu uso como organismo-teste ¢ baseado em
mecanismos celulares que podem ocorrer via necrose,
caracterizada pela perda da integridade da membrana,
morte celular ou apoptose, programa genético de morte
celular controlada (10). O National Cancer Institute
(NCI, EUA) evidenciou uma correlagdo significativa
entre o ensaio de artémia e a inibi¢cdo do crescimento
in vitro de linhas de células tumorais solidas humanas,
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screening tool for antitumor drug research (15-17).
In the present study, we evaluated the general toxicity
of 6,7-dehydroroyleanone (1) and 7a-acetoxy-6f3-
hydroxyroyleanone (2) derivatives using the 4. salina
model.

Materials and Methods

Plant Material

The plant materials, P madagascarensis Benth. and
P. grandidentatus Glirke were cultivated in Parque
Botanico da Tapada da Ajuda (Instituto Superior
Agrario, Lisbon, Portugal) from cuttings obtained from
the Kirstenbosch National Botanical Garden (Cape
Town, South Africa). The extraction and isolation
processes of compounds 1 and 2 (Figure 1) were
performed according to Garcia C. et al., 2018 (19) and
Bernardes C.E.S. et al, 2018 (20), respectively.

Reaction Procedures

The reactions, purification, identification, and stability
of royleanone derivatives were carried out and
previously reported in the study of Garcia et al. 2020
(21), Schemes 1 and 2.

0 que apoia fortemente o uso do modelo de A4.
salina em testes de toxicidade geral (11-14). Isso ¢
significativo porque mostra o valor deste bioensaio
como uma ferramenta de pré-triagem para a pesquisa
de farmacos antitumorais (15—18). No presente estudo,
a toxicidade geral de dezassete derivados obtidos a
partir de 6,7-dehidroroileanona (1) e de 7a-acetoxi-
6B-hidroxiroileanona (2) foi avaliada no ensaio de
letalidade de 4. salina.

Materiais e Metodos

Material vegetal

Asplantas P. madagascarensis Benth e P. grandidentatus
Giirke foram cultivadas no Parque Botanico da Tapada
da Ajuda (Instituto Superior Agrario, Lisbon, Portugal)
a partir de estacas obtidas do Kirstenbosch National
Botanical Garden (Cidade do Cabo, Africa do Sul).
Os processos de isolamento e extragdo dos produtos
naturais 1 e 2 (Figura 1) foram realizados segundo
Garcia C. et al., 2018 (19) e Bernardes C.E.S. et al,
2018 (20), respetivamente.

Procedimentos das Reacoes

As reagoes e a purificacdo, identificacdo e estabilidade
dos derivados de roileanona foram realizadas no estudo
de Garcia et al. 2020 (21), Esquemas 1 ¢ 2.

Figure 1 -6,7-dehydroroyleanone (1) and 7a-acetoxy-63-hydroxyroyleanone (2)
Figura 1. 6,7-dehidroroileanona (1) e 7a-acetoxi-6B-hidroxiroileanona (2)
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Scheme 1 - Reactions of natural products 1 and 2 that produce unstable derivatives: a) Triphenylphosphine
(5 eq.), DIAD (5 eq.), corresponding alcohol (5 eq.), and dry THF, under atmosphere inert, derivatives 3 to
8. b) DMAP (5 eq.), corresponding isocyanate (in excess), and dry CH,Cl,, under inert conditions, expected
derivatives 9 to 13; ¢) triethylamine (4.5 eq.), DMAP (0.3 eq.), p-toluenosulfonyl chloride (3 eq.), and dry
CH,CL,, derivative 14; d) imidazole (2 eq.), TBDPSCI (in excess), and dry CH,Cl,, expected derivative 15; €)
dimethylthiocarbamoyl chloride (1.2 eq.), NaH (1 eq), Nal (0.5 eq.), and THF, derivative 16.

Esquema 1 - Reagdes dos produtos naturais 1 ¢ 2 que conduziram a derivados instaveis: a) Trifenilfosfina
(5 eq.), DIAD (5 eq.), alcool correspondente (5 eq.) e THF seco, sob atmosfera inerte, derivados 3 to 8; b)
DMAP (5 eq.), isocianato correspondente (em excesso) ¢ CH,CI, seco, sob atmosfera inerte, derivados
esperados 9 to 13; ¢) triethilamina (4.5 eq.), DMAP (0.3 eq.), cloreto de p-toluenosulfonil (3 eq.) e CH,CI, seco,
derivado 14; d) imidazole (2 eq.), TBDPSCI (em excesso) e CH,Cl, seco, derivado esperado 15; ¢) cloreto de
dimetiltiocarbamoilo (1.2 eq.), NaH (1 eq), Nal (0.5 eq.) e THF, derivado 16.
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Scheme 2 - Reactions of 1 and 2 that afford stable derivatives: a) DMAP (0.5 eq.), Boc,0 (2.2 eq.), and dry CH-
,Cl,, derivative 17; b) CH,I (8.4 eq.), Ag,0 (8.4 eq.), and dry CH,Cl,, derivative 18; c) Pyridine (12 eq.), benzoyl

chloride (12 eq.), and dry CH,C1,, derivatives 19 and 20.

Esquema 2 - Reagdes de 1 € 2 que originaram derivados estaveis: a) DMAP (0.5 eq.), Boc,0 (2.2 eq.) e CH,Cl,
seco, derivado 17; b) CH,I (8.4 eq.), Ag,0 (8.4 eq.) ¢ CH,Cl, seco, derivado 18; ¢) Piridina (12 eq.), cloreto de

benzoilo (12 eq.) e CH,Cl, seco, derivados 19 ¢ 20.

Assessment of preliminary toxicity - Brine shrimp
lethality bioassay

Samples of each tested compound were prepared at
a concentration of 100 ppm in a salt medium (Brine
shrimp salt obtained from JBL GmbH and Co. KG,
D-67141, Neuhofen Germany) at a concentration of
35 g/L. A 24-well plate was used, and around 10 to 15
larvae were added to each well containing salt medium.
Afterward, each compound was added (100 pL) to the
corresponding wells, and the plate was stored for 24 h at
25°C. After 24 h, the number of dead larvae in each well
was recorded. To determine the total number of larvae
in each well, death was induced on the remaining living
larvae by adding potassium dichromate (K,Cr,0,) at 1
mg/mL.

After 24 h, all dead larvae were counted and the
mortality rate (%) was determined according to
Equation 1. Dimethyl sulfoxide (DMSO) at the same
concentration of the samples (100 ppm) was used as
a negative control. Four replicates were used for each
test, and the assay was performed in triplicate.

Mortality Rate (%) =

(Total A. salina — Living 4. salina) [Eq. 1]

(Total A. salina) X100
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Avaliagdo da toxicidade geral — Bioensaio de letalidade
de Artémia

As amostras analisadas foram preparadas a uma
concentracdo de 100 ppm, em meio salino (Sal para
camardo marinho adquirido a JBL GmbH and Co.
KG, D-67141 Neuhofen, Alemanha) a concentracao
de 35g/L. Numa placa de 24 pogos, colocaram-se
aproximadamente 10 a 15 larvas, em meio salino, em
cada poco. De seguida, cada composto foi adicionado
(100 pL) ao pogo correspondente e a placa armazenada
por 24h a 25°C. Apds 24h, o nlimero de larvas mortas
em cada pogo foi registado. De modo a determinar
o numero total de larvas em cada pogo, a morte das
larvas vivas remanescentes foi induzida, pela adi¢do de
dicromato de potassio (K,Cr,0.) a 1 mg/mL.

Ap6s 24h, todas as larvas mortas foram contadas e a
taxa de mortalidade (%) determinada de acordo com
a Equacgao 1. O controlo negativo utilizado foi o
dimetilssulfoxido (DMSO), na mesma concentragao
das amostras (100 ppm). Quatro réplicas foram usadas
para cada teste, e o ensaio foi realizado em triplicado.

Taxa de letalidade (%) =

(4. salinatotal - 4. salina vivos) x 100 [Eq. 1]

(A. salina total)




Statistical Analysis

The results were expressed as the mean value + SD.
Comparisons were performed within groups by the
analysis of variance using the ANOVA test. Significant
differences between control and experimental groups
were assessed by the SigmaStat software (StatSoft,
Tulsa, OK, USA). A probability level p < 0.05 was
considered to indicate statistical significance.

Results and discussion

Hemi-synthesis of royleanone derivatives

Several hemi-synthetic reactions were performed to
prepare a small library of compounds of enhanced
cytotoxic potential. Both natural compounds 1 and 2
(Figure 1) were subjected to short-time microwave-
assisted Mitsunobu and benzoylation reactions. Natural
compound 2 was also subjected to a carbamoylation,
tosylation, methylation, and introduction of Boc (tert-
butyloxycarbonyl) and TBDPS (tert-butyldiphenylsilyl)
groups. The predicted structures and the isolated
derivatives (3 to 20) are shown in Schemes]1 and 2.

The introduction of Boc group (17), methylation
(18), and benzoylation (19 and 20) reactions were
accomplished with success, affording pure products
with overall good yields (97% for derivative 17, 28%
for methylated derivative 18, and 50% and 69% for
benzoylated derivatives 19 and 20, respectively),
scheme 2. Unfortunately, products 3 to 16 (Scheme
1) displayed a high rate of decomposition, occurring
especially after isolation.

Evaluation of general toxicity using A. salina model

Although some of the expected derivatives were not
formed due to their chemical (in)stability, the general
toxicity of all the obtained derivatives was assessed.
The general toxicity was assessed through the brine
shrimp lethality bioassay. Figure 2 illustrates the
mortality rate (%) of A. salina after 24 h of exposure to
the diterpenoid compounds tested.

According to the results, natural product 1 displays
moderate toxic activity (36.68% at 100 ppm). The
unstable tosylation derivative (9) presented the highest
mortality rate (81.87%). Overall, in agreement with this
model, the chemical modifications induced in natural
royleanone 1 structure through microwave-assisted
Mitsunobu reactions, enhanced the toxic activity in all
derivatives (3 to 5). Likewise, stable methylated 18 and

General Toxicity screening of Royleanone Derivatives
Avaliagdo da toxicidade geral de derivados de Roil

Andlise Estatistica

Os resultados foram expressos como valores médios
+ desvios padrdo. As comparagdes foram realizadas
dentro dos grupos pela andlise de variancia, utilizando
o teste ANOVA. As diferencas significativas entre os
grupos controlo e experimental foram avaliadas pelo
software SigmaStat (StatSoft, Tulsa, OK, EUA). O
nivel de significancia p <0,05 foi considerado para
indicar significancia estatistica.

Resultados e discussao

Hemi-sintese de derivado de royleanone

Diversas reagdes hemi-sintéticas foram realizadas
com o objetivo de preparar uma pequena biblioteca
de compostos com elevado potencial citotéxico. Os
compostos naturais 1 ¢ 2 (Figura 1) foram submetidos
a reacdes de Mitsunobu, assistidas por micro-
ondas, ¢ de benzoilagdo. Reacdes de carbamoilagao,
tosilagdo, metilagdo e introducdo dos grupos Boc
(terc-butiloxicarbonil) e TBDPS (terc-butildifenilsilil)
também foram testadas no composto 2. As estruturas
previstas ¢ os derivados isolados (3 a 20) estdo
apresentados nos Esquemas 1 e 2.

As reacdes de introducao do grupo Boc (17), metilagao
(18) e benzoilagao (19 e 20) originaram produtos
puros com bons rendimentos gerais (97% para o
derivado 17, 28% para o derivado metilado 18 ¢ 50%
e 69% para os benzoilados 19 e 20, respetivamente),
Esquema 2. Infelizmente, os produtos 3 a 16 (Esquema
1) apresentaram uma elevada taxa de decomposi¢do,
ocorrendo especialmente apds o isolamento.

Avaliagdo da toxicidade geral através do ensaio de
letalidade de A. salina

Alguns dos derivados esperados ndo se formaram
devido a sua instabilidade quimica. No entanto, avaliou-
se a toxicidade geral de todos os derivados obtidos.
A toxicidade geral foi avaliada através do bioensaio
de letalidade de artémia. A Figura 2 ilustra a taxa de
mortalidade (%) de A. salina apds 24 h de exposi¢ao
aos diterpendides.

De acordo com os resultados apresentados, o produto
natural 1 apresenta uma atividade toxica moderada
(36.68% a concentragdo de 100 ppm). O derivado
tosilado instavel (9) ¢é responsavel pela taxa de
mortalidade mais elevada do ensaio (81.87%)).
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benzoylated 19 derivatives increased the toxicity of the
original scaffold (1). The derivatives 9 - 11, 10, and 11
displayed the lowest mortality rate.

Natural royleanone 2 appears to be slightly less
toxic than 1 (30.95% at 100 ppm), but similarly, the
Mitsunobu derivatives increased the toxicity of the lead
molecule (compounds 6 to 8). The benzoylated product
of 2 (compound 20) also slightly increased the toxicity
of the original scaffold.

Considering that only derivatives 17 to 20 were stable,
that 18 was obtained with a lower yield, and that 17
displayed lower toxicity, this shows that compounds
19 and 20 (both esters) were the most promising of the
targets produced.

De um modo geral, as modificagdes induzidas na
estrutura do composto natural 1, por reagdes de
Mitsunobu assistidas por micro-ondas, conduziram
a um aumento da toxicidade em todos os derivados
(3 to 5). Do mesmo modo, os derivados estaveis 18
(metilado) e 19 (benzoilado) aumentaram a toxicidade
verificada no composto de partida (1). Os derivados 9 -
11, 10 e 11 apresentaram a menor taxa de mortalidade.

A roileanona natural 2 apresenta valores de toxicidade
ligeiramente inferiores a 1 (30.95% a concentragéo
de100 ppm). A semelhanca do que se verificou com 1,
os derivados de Mitsunobu (compostos 6 a 8) obtidos
a partir de 2 foram responsaveis por um aumento da
toxicidade comparativamente com ao composto de
partida. Adicionalmente, o produto benzoilado de 2
(composto 20) aumentou ligeiramente a toxicidade
verificada em 2.

Considerando que apenas os derivados 17 a 20 sdo
estaveis, o derivado 18 foi obtido com baixo rendimento
e o 17 apresentou baixa toxicidade, os resultados
demonstram que os compostos 19 e 20 (ambos ésteres)
$30 0s mais promissores.

General toxicity using A. salina
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Figure 2 - Mortality rate (%) of Artemia salina after 24 h exposure to royleanones. Values are expressed as the
mean =+ SD (n = 3). *p<0.05 comparison DMSO vs compounds.

Figura 2 -Taxa de letalidade (%) de Artemia salina ap6s 24 h de exposi¢do as roileanonas. Os valores sdo
expressos como a média + DP (n = 3). * p <0,05 comparagdo DMSO vs compostos.
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Conclusions

The reactivity of two natural royleanones 1 and 2
was explored. Several hemi-synthetic reactions were
performed, and the obtained products were limited by
stability issues: the derivatives 3 to 16 tend to degrade
after isolation. Successful results were obtained when
performing methylation and benzoylation, as with the
introduction of a BOC group, affording pure compounds
(17 to 20), with overall good yields.

General toxicity using the A. salina model has been
established for the obtained products. As such, products
3 to 8, 14, and 18 to 20 have increased the toxicity of
the lead compound. Products 19 and 20 displayed the
best results regarding their stability and high toxicity,
thus suggesting that the formation of esters is a more
convenient approach for future derivatives.
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Preliminary safety evaluation of n-butanol from the collagen extraction process
and of collagen extract from Oreochromis niloticus (tilapia) skin oriented for
dermocosmetics

Avaliagdo preliminar da seguranca do n-butanol do processo de extragdo de colageno e do extrato
de colageno da pele de Oreochromis niloticus (tildpia) para uso dermocosmético
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Abstract

Obtaining new cosmetic ingredients, mainly from sustainable sources, as novel excipients or even active compounds
is noteworthy for the cosmetic industry to enhance new innovative dermocosmetics. Thus, it is essential to establish
the safety of these new ingredients to avoid adverse events, mainly those associated with clastogenic effects from the
chemical compounds used for collagen extraction. In this study, we evaluated solutions of chemical compounds used
in the collagen extraction process from tilapia skin (Oreochromis niloticus). The cytotoxic and genotoxic effects of the
solutions used in the collagen extraction process were 10.0, 1.0, 0.5, and 0.1% n-butanol. Solutions were evaluated by
the Allium test and the comet assay in peripheral white blood cells. The residual water from the final skin wash in the
pre-treatment phase and the 0.5% lyophilized collagen extract were also investigated. The absence of cytotoxic and
genotoxic activity was demonstrated in the collagen extract, despite the fact that n-butanol showed DNA damage, both
in the root cells of Allium cepa and in the white blood cells of human peripheral blood. Therefore, we note the necessity
to carry out genotoxicity tests to guarantee the absence of contaminants in the collagen extract for cosmetic purposes.

Keywords: Allium test; collagen extraction; Comet assay; cytotoxicity; genotoxicity; Oreochromis niloticus

Resumo

A obtencao de novos ingredientes cosméticos, principalmente de fontes sustentaveis, como excipientes ou mesmo
compostos ativos, € notavel para a industria cosmética para formulas dermocosméticas inovadoras. Assim, € essencial
estabelecer a seguranga desses novos ingredientes para evitar eventos adversos, principalmente aqueles associados aos
efeitos clastogénicos dos compostos quimicos utilizados para extragdo de colageno. Avaliamos solugdes de um composto
quimico utilizado no processo de extragdo de colageno da pele de tilapia (Oreochromis niloticus). Os efeitos citotdxicos e
genotoxicos das solugdes utilizadas no processo de extragdo de colageno foram de 10,0; 1,0; 0,5; 0,1; 0,05; € 0,025% de
n-butanol. Estas foram avaliadas pelo teste de A/lium e pelo ensaio do cometa em globulos brancos periféricos. Ademais,
foram investigadas a agua residual da ultima lavagem na fase pré-tratamento e o extrato de coldgeno de tilapia liofilizado
a 0,5%. A auséncia de atividade citotoxica e genotdxica foi demonstrada no extrato de colageno, apesar do n-butanol
ter demonstrado dano ao DNA, tanto nas células radiculares de Allium cepa quanto nos globulos brancos do sangue
periférico humano. Por isso, observamos a necessidade de realizacao de testes de genotoxicidade para garantir a auséncia
de contaminantes no extrato de colageno para fins dermocosméticos.

Palavras-chave: Teste de Allium; extracdo de colageno; ensaio de cometa; citotoxicidade; genotoxicidade; Oreochromis
niloticus
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Introduction

Sustainable use of residual materials from aquatic
organisms has been widely studied during the last
decade, with interesting results (1,2). Since the origin
and the extraction method exert a strong influence on
the purity and yield of collagen, there are many reviews
available regarding marine resources that discuss not
only the factors that influence the collagen extraction
but also the physical and biological properties, such as
its thermal stability, amino acid composition, and safety
as oriented for dermocosmetics (1-4).

Moreover, numerous bioactive peptides of collagen
have been extracted from fish via chemical or enzymatic
hydrolysis as a safer option in the development of
cosmeceutical products. Among the principal activities,
we have examined the antimicrobial, antioxidant,
antiphotoaging, photoprotective activities, and their
potential application in the cosmetic area (2).

Indeed, there is a rising utilization of collagen from
fish residuals for cosmetic applications since fish
collagen has no risk in disease transmission to humans.
For instance, some studies focused on wound healing
applications with successful results as well as scar
diminution (1,5-7). Fish collagen is principally derived
from the skin of tilapia (Oreochromis niloticus) is
highly appreciated for its biomedical and cosmetic uses
due to particular physicochemical properties (8,9). The
results of the biological evaluations of tilapia collagen
demonstrated the absence of cellular toxicity and
chromosomal aberrations, negative sensitivity tests,
and acute systemic toxicity (10). Biocompatibility
and regenerative activity in the treatment of deep
second-degree burns have also been observed (11).
The biological safety of collagen will depend on its
purity; therefore, it is necessary to assess pretreatment
procedures and methods of extraction.

The methods for extracting collagen from by-products
of different animal origins are well established (10,12).
To release non-collagen proteins, fats, and pigments,
sodium hydroxide and n-butanol in proportions of 1:20
weight/volume (w/v) are commonly used in the first
stage of treatment (13,14). After treatments at variable
times with these chemical compounds, successive
rinses are carried out to remove chemical residues
infused within the extracted collagen or in the rinsing
liquids. Some of these molecules, such as hydrogen
peroxide (15) and n-butanol (16), represent a source for
the environmental pollution and potential genotoxicity.
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Introducao

O uso sustentavel de residuos de organismos aquaticos
foi amplamente estudado na ultima década com
resultados interessantes (1,2). Uma vez que a origem e
o método de extragdo exercem influéncia significativa
sobre a pureza e rendimento do coldgeno, ha muitas
revisdes disponiveis sobre os recursos marinhos que
discutem nao apenas os fatores que influenciam a
extragdo de colageno, mas também suas propriedades
fisicas e bioldgicas, como sua estabilidade térmica,
composi¢ao de aminoacidos e seguranga orientada para
dermocosméticos (1-4).

Além disso, inimeros peptideos bioativos de peptideos
de colageno foram extraidos de peixes por hidrolise
quimica ou enzimatica, como op¢ao mais segura no
desenvolvimento de produtos cosmecéuticos. Entre as
principais atividades, observam-se a¢ao antimicrobiana,
antioxidante,  antifotoenvelhecimento,  atividades
fotoprotetoras e potencial aplicacdo na area cosmética

).

De fato, ha uma crescente utilizagdo de colageno de
residuos de peixes para aplicagdes cosméticas, uma vez
que o colageno de peixe ndo tem risco na transmissao de
doengas para humanos. Por exemplo, alguns estudos se
concentraram em aplicagdes de cicatriza¢do de feridas
com resultados bem-sucedidos, bem como diminuigao
dacicatrizes(1,5—7). Principalmente o colageno de peixe
derivado da pele da tilapia (Oreochromis niloticus) ¢é
altamente apreciado por seus usos biomédico e cosmético
devido a propriedades fisico-quimicas particulares(8,9).
Os resultados das avaliagdes biologicas do colageno
de tildpia demonstraram a auséncia de toxicidade
celular e aberragoes cromossOmicas, negativa em testes
de sensibilidade e toxicidade sist€émica aguda (10).
Também foram observadas a biocompatibilidade e a
atividade regenerativa em queimaduras profundas de
segundo grau (11). A seguranca biologica do colageno
dependera de sua pureza; portanto, € necessario avaliar
os procedimentos de pré-tratamento e os métodos de
extragao.

Os métodos de extragdo de subprodutos de colageno
de diferentes animais sdo bem estabelecidos (10,12). O
estagio anterior de tratamento, realizado para separar
proteinas ndo colagenas, gorduras e pigmentos comuns,
usam hidroxido de sédio e n-butanol em proporgdes de
1:20 peso/volume (p/v) (13,14). Apds os tratamentos
por periodos variaveis com esses compostos,
sucessivos enxagues sao realizados para descartar
residuos impregnados no colageno extraido ou nos
liquidos de lavagem. Essas moléculas representam



Biosafety of raw materials in cosmetic industries
is mandatory. It is also important to ensure that the
concentrations of chemical substances used during
extraction processes for cosmetic (ingredient) use must
be eliminated or reduced (17). For collagen extraction,
caution in the elimination of any remaining n-butanol
in the by-products of the collagen raw material (14) is
required.

Even when an absence of butanol mutations is reported
using the Ames assay (16), additional tests are needed
to confirm the results and to specify the utilized
concentrations. Current research shows that a single
assay is not sufficient to exclude a genotoxic substance,
even when the result has been negative (17-20). In
this research, we evaluated the safety of chemical
solutions of n-butanol (used in the extraction process),
residual water from washes and collagen extract from
O. niloticus skin itself with cosmetic purposes, using
cytotoxic and genotoxic assays by Allium and comet
tests.

Materials and Methods

Biological material

1) Allium cepa bulbs, medium in size, with germinal
disk between 1 and 2 cm.

2) Peripheral blood lymphocytes obtained from two
healthy male donors, aged 25 and 38 years. The donors
were non-smokers and did not consume drugs. (N°:
001-2020/CEI-UNT).

3) Tilapia (Oreochromis niloticus), 12 months old (30
fish, 450 = 35.0 g).

Chemical products

n-Butanol (1-butanol CAS 71-36-3), NaOH, acetic
acid, hydrogen peroxide, NaCl, disodium EDTA, Tris
HCI, Triton X-100 and DMSO from Sigma-Aldrich
were used. Propidium iodide and SYBR Gold from
Invitrogen, USA were also used.
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uma fonte poluente para o meio ambiente e potencial
genotoxicidade, como o perdxido de hidrogénio (15) e
n-butanol (16).

A biosseguranca das matérias-primas na industria
cosmética ¢ obrigatoria. Também ¢é importante
assegurar que as concentragdes de substancias
quimicas utilizadas durante os processos de extracdo
de ingredientes cosméticos sejam eliminadas ou
reduzidas (17), como o composto quimico n-butanol.
Para a extracdo de colageno, ¢ necessaria cautela na
eliminagdo do n-butanol, utilizado para a remocgédo de
gorduras que permanecem nos subprodutos da matéria-
prima de colageno (14).

Apesar da auséncia de mutacdes causadas pelo butanol
no ensaio Ames (16), testes adicionais sao necessarios
para confirmar esses resultados e especificar as
concentracgdes utilizadas. Pesquisas atuais demonstram
que um unico ensaio nao ¢ suficiente para excluir uma
substancia genotoxica, mesmo quando o resultado
foi negativo (17-20). Nesta pesquisa, avaliou-se a
seguranca de solu¢des quimicas de n-butanol (utilizado
no processo de extragdo), agua residual de lavagens e
extrato de coldgeno da pele de O. niloticus para fins
dermocosméticos, utilizando ensaios citotoxicos e
genotdxicos por testes de Allium e cometa.

Material e Métodos

Material biologico

1) Bulbos de Al/lium cepa de tamanho médio, com disco
germinal entre 1 e 2 cm.

2) Linfocitos sanguineos periféricos obtidos de dois
doadores masculinos saudaveis, nao fumantes, que nao
consumiram drogas, com idades entre 25 e 38 anos (N°:
001-2020/CEI-UNT).

3) Tilapia (Oreochromis niloticus),12 meses de idade
(30 peixes, 450 + 35,0 g).

Produtos quimicos

n-Butanol (1-butanol CAS 71-36-3) NaOH, acido
acético, peroxido de hidrogénio, NaCl, EDTA dissodico,
Tris HCI, Triton X-100 e DMSO da Sigma-Aldrich
foram utilizados. Também foram utilizados iodeto de
propideo e SYBR Gold da Invitrogen, USA.
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Obtaining collagen from tilapia (O. niloticus)

Collagen was obtained by extraction in acetic acid
(ASC), according to a recent report (9). After successive
washes with an abundance of distilled water, the tilapia
skin was pre-treated with 0.1M NaOH (1:20 w/v) for
24 h, followed by treatment with n-butanol at 10%
(1:20 w/v) . Ten washes with an abundance of distilled
water were performed, followed by collagen extraction
in 0.5M acetic acid for 48 h. The entire procedure was
conducted at 4.0 °C, with recovered collagen vacuum
filtered with a filter paper (Whatman N° 4), and then
lyophilized.

Allium test

The onion bulbs were immersed in water, confirming
that the germinal disk was fully immersed. Testing
was initiated when (all of) the roots reached between
1 and 2 cm in length. Successive tests of n-butanol at
concentrations of 10.0; 1.0; 0.5; 0.1; 0.05 and 0.025%
were performed to determine both viability and activity
of the cells. The growing roots were then exposed to
either n-butanol, residual water from the final (10™) rinse
of the pretreatment of the collagen extraction process,
0.5% collagen in distilled water, and purified water, as
a control. After 6 h of treatment, the apical meristems
were cut from the roots, fixed in an ethanol:acetic acid
solution (3:1 v/v) and held at -4.0 °C for a minimum of
24 h. Samples were stained with 1.0% acetic orcein 1N:
HCI (9: 1 v/v) for 30 minutes (21). The samples were
crushed and observed with an optical microscope at 40
and 100X. Three replicates were performed.

Comet assay

Ten mL of peripheral blood were collected from
the volunteers. White blood cells were immediately
isolated and exposed to n-butanol (0.01 and 0.001%),
0.5% tilapia collagen solution, PBS (negative control)
or 12% hydrogen peroxide (positive controls). After
2 h of treatment, the white blood cells viability was
determined by staining with 1.0 mM propidium iodide
(Invitrogen, USA) and controlled with an Olympus
BX51 40X fluorescence microscope using the 536
and 617 nm filters. The samples were placed on slides
previously prepared with a layer of agarose and cell
lysis was performed with the buffer containing NaCl
2.5M, Na,EDTA 100mM, Tris HCI 10mM, Triton X-100
1%, and DMSO 10%. The samples were then incubated
at 4.0 °C for 4 h, followed by electrophoresis at 25V
(Power Pack P25 Timer, Biometra GmbH, Germany)
and 300mA for 30 minutes in buffer pH 13 (1.0mM
Na,EDTA and 300mM NaOH). The samples were
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Obtengdo de colageno de tilapia (O. niloticus)

O colageno foi obtido pelo método de extragdo de
colageno soluvel em acido acético (ASC), segundo
relatorio recente (9). Apds sucessivas lavagens com
dgua destilada em abundancia, a pele de tilapia foi pré-
tratada com 0,1M NaOH (1:20 p/v) por 24 h, seguido
de tratamento com n-butanol a 10% (1:20 p/v) . Foram
realizadas dez lavagens com agua em abundancia,
em seguida, a extragdo foi realizada em acido acético
0,5M por 48 h. Todo o procedimento foi realizado a 4,0
°C, filtrado com papel filtro (Whatman N° 4) e depois
liofilizado.

Teste de allium

Os bulbos de cebola estavam imersos em agua, de
forma que o disco germinal estivesse totalmente
imerso. Quando as raizes atingiram entre 1 e 2 cm de
comprimento, o teste foi iniciado. Foram realizados
sucessivos testes de n-butanol para determinar a
viabilidade e atividade das células. As concentracdes
utilizadas foram de 10,0; 1,0; 0,5; 0,1; 0,05 € 0,025%.
Em seguida, as raizes em crescimento foram expostas as
seguintes solugdes: n-butanol, dgua residual da ultima
lavagem do pré-tratamento do processo de extragdo de
colageno (décima lavagem), colageno a 0,5% em agua
destilada e agua purificada, como controle. Apos 6h de
tratamento, os meristemas apicais foram cortados das
raizes, fixados em etanol: solugdo de acido acético (3:
1 v/v) e mantidos a -4,0 °C por pelo menos 24 h. As
amostras foram coradas com 1,0% de orceina acética
IN: HCI (9: 1 v/v) por 30 minutos (21). As amostras
foram observadas em um microscopio optico a 40 e
100X. Foram realizadas trés réplicas.

Ensaio do cometa

Foram coletados 10 mL de sangue periférico
dos participantes e os globulos brancos foram
imediatamente isolados e expostos a n-butanol 0,01
e 0,001%; solucdo de colageno de tilapia a 0,5%; e
controles negativo (PBS) e positivo (12% perdxido
de hidrogénio). Apds 2h de tratamento, a viabilidade
dos globulos brancos foi determinada pela coloragdo
com iodeto de propidio de 1,0mM (Invitrogen, EUA)
e controlada com um microscopio de fluorescéncia
Olympus BX51 40X, usando filtros de 536 ¢ 617 nm.
As amostras foram colocadas em cubas previamente
preparadas com primeira camada de agarose e a lise
celular foi realizada com o tampdo contendo NaCl
2,5M, Na EDTA 100mM, Tris HCl 10mM, Triton
X-100 1% e DMSO 10%. Depois, foram incubadas a
4,0 °C por 4 h e seguidas por eletroforese a 25V (Power



neutralized in Tris HCI solution pH 7.5 for 3 minutes
and fixed in 96° alcohol for 3 minutes (22). Samples
were stained with SYBR Gold and observed under a
fluorescence microscope with 40X magnification (23).

Data collection

The frequency of the cell cycle phases was recorded and
typified in the different treatments and in the treatments
that registered genetic changes in the A//lium test. The
DNA damage was quantified using the Score Assay
program and the percentage of DNA in the tail (% Tail
DNA) was considered a genotoxicity parameter in the
comet assay (24).

Statistical Analysis

The averages of each variable were compared by
analysis of variance with the Origin Pro 2020 program
(OriginLab Corporation, USA) and regression analysis
was applied to reveal the dose-response relationship
of chemical compounds, with a reliability level of a =
0.05.

Results and Discussion

Collagen extraction methods are well described in the
literature. In general, three steps are commonly used
to extract low molecular weight collagen hydrolysates
from natural resources: initial treatment of the raw
material, gelatin (collagen) extraction, and collagen
hydrolysis. In the pretreatment (initial treatment) phase,
sodium hydroxide is used to eliminate non-collagen
proteins and butyl alcohol used to reduce lipids. The
last step could be divided into enzymatic, chemical, and
subcritical water hydrolysis (3).

Dynamics of cell proliferation in the apical meristem of
Allium cepa, achieved between 1 to 3 days of growth
induction is a sensitive biological scenario to detect
substances that can affect the genetic material (25).
Thus, Allium test is comparable to assays on animals
and cell line cultures (26). As shown in Figure 1A, we
observed transparent aspect and withered roots, unlike
the roots shown in Figures B and C, which corresponded
to the treatments with the collagen suspension (0.5%)
and control growth in distilled water, respectively.
Degradation of the nucleus and cytoplasm were
observed in the samples exposed to 10.0% n-butanol
for 6 h (Figure 1D), thus this concentration can be
considered lethal. Moreover, high inhibition of cell
activity was observed at 1.0% n-butanol, mitotic index
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Pack P25 Timer, Biometra GmbH, Alemanha) e 300mA
por 30 minutos em pH tampdo 13 (1,0mM Na,EDTA
e 300mM NaOH). Foi realizada a neutralizagdo na
solugdo Tris HCI pH 7,5 por 3 minutos e fixagdo em
96° alcool por 3 minutos (22). Amostras coradas com
SYBR Gold foram observadas em microscopio de
fluorescéncia com ampliagao de 40X (23).

Coleta de dados

A frequéncia das fases do ciclo celular foi registrada e
tipificada nos diferentes tratamentos e nos tratamentos
que registraram alteragdes genéticas no ensaio de
Allium. O dano de DNA foi quantificado usando o
programa Score Assay e a porcentagem de DNA na
cauda (% DNA na cauda) foi considerado um parametro
de genotoxicidade no ensaio do cometa (24).

Andlise estatistica

As médias de cada variavel foram comparadas pela
analise de variancia com o programa Origin Pro 2020
(OriginLab Corporation, EUA) e a analise de regressao
foi aplicada para revelar a relacdo dose-respostas
compostos quimicos, com nivel de confiabilidade de a
=0,05.

Resultados e Discussao

Os métodos de extragdo de coldgeno sao bem descritos
na literatura. Em geral, trés etapas sdo comumente
usadas para extrair hidrolisados de coldgeno de baixo
peso molecular de recursos naturais: tratamento inicial
da matéria-prima, extracdo de gelatina (colageno)
e hidrolise de colageno. Na fase de pré-tratamento
(tratamento inicial), hidroxido de sodio ¢ usado para
eliminar as proteinas nao colagenas e o alcool butilico
para reduzir os lipidios. A tiltima etapa pode ser dividida
em hidrolise enzimatica, quimica e subcritica (3).

A dinamica de proliferagio celular no meristema apical
de Allium cepa, alcangada entre 1 a 3 dias de indugdo
de crescimento, ¢ um cenario bioldgico sensivel para
detectar substdncias que podem afetar o material
genético (25). Assim, o teste de Allium € comparavel aos
ensaios com animais e culturas de linhagens celulares
(26). Na Figura 1A observa-se aspecto transparente e
raizes muradas, ao contrario das raizes ilustradas nas
Figuras B e C, que corresponderam aos tratamentos com
amostras da suspensao do colageno (0,5%) e o controle,
cultivadas em dagua destilada, respectivamente. A
degradacao do nucleo e do citoplasma (Figura 1D) das
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0f'2.99% with absence of normal cells in the metaphase;
and the mitotic index of 2.75% (not significant) was
found at 0.5% n-butanol with the presence of mitotic
phases. In addition, there were four metaphases, two
prophases and one telophase in an unusual single visual
field at the concentration of 0.025% n-butanol (Figure
1E).

The percentage of cell divisions in root meristems of 4.
cepa was determined by the mitotic index. Lethality and
no cell activity were observed with 10.0% n-butanol,
while for 1.0, 0.5 and 0.1% n-butanol, a significant
decrease in cell activity was observed compared to
those treated with lower concentrations (0.05 and
0.025%). These last indices were compared with those
of the negative control, collagen solution at 0.5%
and the residual water of the final (tenth) rinse of the
pretreatment process (Figure 2).

/

B
C.

amostras expostas ao n-butanol a 10.0% por 6 h, sendo
aquelas concentragdes consideradas letais. Além disso,
observou-se alta inibi¢ao da atividade celular para 1,0%
n-butanol, indice mitético de 2,99% com auséncia de
células normais na metafase; e o indice mitédtico de
2,75% (nao significativo) foi encontrado para 0,5%
n-butanol com a presenca de fases mitéticas. Ainda,
havia quatro metafases, duas pro-fases e uma telofase
em um campo visual inico incomum na concentragao
de 0,025% (Figura 1E).

A porcentagem de divisGes celulares em meristemas
radiculares de A. cepa foi determinada pelo indice
mitético. Para 10,0% do n-butanol foram observadas
letalidade e auséncia de atividade celular, enquanto para
1,0; 0,5; ¢ 0,1% observou-se diminuigdo significativa
na atividade celular em comparagdo com as de 0,05
e 0,025%. Estes ultimos indices foram comparaveis

Figure 1 - Allium cepa apical meristems exposed to chemicals. A, 10% n-Butanol; B, collagen suspension
(0.5%); C, control (distilled water); D, Cellular degradation of atypical Allium cepa root samples exposed to
10.0% n-butanol; E, Cells in active mitosis, metaphase increased using 0.025% n-butanol (Olympus BX51

microscope, Japan, 100X). Bar 20 pm.

Figura 1 - Meristemas apicais de Allium cepa expostos a produtos quimicos. A, n-Butanol, 10,0%; B, suspensao
de colageno (0,5%); C, controle (agua destilada); D. Degradagdo celular de amostras de raiz apical allium
cepa expostas a n-butanol 10,0%; E. Células em mitose ativa, a metafase aumentou usando 0,025% n-butanol
(microscopio Olympus BX51, Japao, 100X). Barra 20 pm.
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We observed the following cellular level changes
produced by n-butanol in 4. cepa at the metaphase
level: partial cytostatic effect at concentrations of 0.5
and 1.0%. Figure 3A shows normal metaphase and
figure 3B shows stopped metaphase (c-metaphase),
in which the chromosomes were dispersed and
highly condensed. This irregular variation was an
indicative of the absence or failure of the achromatic
spindle formation, as well as signs of chromosomal
compaction due to metaphasic stagnation (27). Variants
of the normal phases of anaphase and bipolar telophase
(Figures 3C and E, respectively) in comparison with
the presence of lag chromosomes in anaphase (Figure
3D) and multipolar structure in telophase (Figure 3F),
are evidence to contribute to the dysfunction of the
achromatic spindle and defective centrosome division,
as illustrated in Figure 3F, with four polar centers rather
than two. The assembly of the mitotic spindle organized
in a bipolar way, with dynamic balance of kinesin-5 and
dynein, ensures equitable distribution of chromosomes
during segregation in mitosis (28).
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aos do controle negativo, da solu¢dao de colageno em
0,5% e da agua residual da lavagem final (a décima) do
processo de pré-tratamento (Figura 2).

Observamos as seguintes alteragdes de nivel celular
produzidas por n-butanol em A. cepa no nivel de
metafase: efeito citostatico parcial em concentragdes
de 0,5 ¢ 1,0%. A Figura 3A ilustra metafase normal e, a
Figura 3B, a metafase parada (c-metafase), na qual os
cromossomos estao dispersos e altamente condensados.
Essa variag@o irregular foi um indicativo da auséncia ou
falha da formagdo do eixo acrémico, bem como sinais
de compactagdo cromossdmica devido a estagnagdo
metafasica (27). A presenga de cromossomos lag em
anafase (Figura 3D) e estrutura multipolar em telofase
(Figura 3F), variantes das fases normais de anafase e
telofase bipolar (Figuras 3C e E, respectivamente)
sdo provas que contribuem para a disfungdo do fuso
acromatico e¢ da divisdo centrossomica defeituosa,
como ¢ ilustrado na Figura 3F com quatro centros
polares em vez de dois. A montagem do fuso mitotico

1

B5 COL E C

Figure 2 - Mitotic index of Allium cepa apical meristem exposed to different treatments. B1, 1% n-Butanol;
B2, 0.5% n-Butanol; B3, 0.1% n-Butanol; B4, 0.05% n-Butanol; B5, 0.025% n-Butanol; COL, 0.5%
collagen solution; E, Final rinse from collagen extraction pre-treatment; C, Negative control (distilled
water). Bar represents SD of n>3. Different letters represent significant differences (p < 0.05)

Figura 2. - Indice mitético de meristema apical de Allium cepa exposto a diferentes tratamentos. B1. 1,0%
n-Butanol; B2. 0,5% n-Butanol; B3. 0,1% n-Butanol; B4. 0,05% n-Butanol; B5. 0,025% n-Butanol; COL.
Colageno 0,5%; E. Ultima lavagem do pré-tratamento na extrago de coldgeno; C. Controle negativo (dgua
destilada). Barras representam DP de n>3. Diferentes letras representam diferengas significativas (p <0,05)
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Furthermore, the dysfunctional organization in
supernumerary centrosomes leads to flaws in
cytokinesis and numerical variations of chromosomes
in the resulting cells (29). Figure 3G-1 shows another
alteration produced by n-butanol was the breakdown
of chromosomes. Figure 3G illustrates a telophase
cell with a chromosome bridge; moreover, not
clearly defined whether they were delayed or tripolar
chromosomes. In the absence of cytokinesis, a tripolar
cell with chromosome bridges between chromosome
groups would increase to a cell with three nuclei, as
in Figure 3H,I. Likewise, the presence of micronuclei
(Figure 3I) indicated chromosomal breaks produced in
phases prior to mitosis.
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organizado de forma bipolar, com equilibrio dindmico
de cinesina-5 e dineina, garante a distribui¢do equitativa
de cromossomos durante a segregagao em mitose (28).

Ademais, a organizacgdo disfuncional em centrossomas
supranumerarios leva a falhas na citocinese e variagoes
numéricas de cromossomos nas células resultantes (29).
A Figura 3G-I ilustra que outra alteragdo produzida
pelo n-butanol foi a quebra de cromossomos. A Figura
3G ilustra uma célula em telofase com uma ponte
cromossomica; ademais, ndo esta claramente definido
se eles estavam atrasados ou se sd0 Cromossomos
tripolares. Na auséncia de citocinese, uma célula
tripolar com pontes cromossOmicas entre grupos
cromossOmicos aumentaria para uma célula com trés
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Figure 3 - Changes in the mitosis process of Allium cepa apical meristem cells exposed to n-butanol. A, normal
metaphase; B, stopped metaphase; C, normal anaphase; D, anaphase with a delayed chromosome; E, normal
telophase; F, multipolar telophase; G, cell with chromosomal bridge and undefined or delayed multipolar
chromosomes; H, cell in tripolar telophase and chromosomal bridges to each other; I, multinucleated cell and
cell at the micronucleus interphase. Bar: 20 um (Olympus BX51 microscope, Japan, 100X).

Figura 3. - Mudancas no processo de mitose de meristema apical de A//lium cepa expostas ao n-butanol. A,
metafase normal; B, parou a metafase; C, anafase normal; D, anafase com um cromossomo atrasado; E, telofase
normal; F, telofase multipolar; G, célula com ponte cromossomica e cromossomos multipolares indefinidos ou
atrasados; H, célula em telofase tripolar e pontes cromossdmicas umas para as outras; I, célula multinucleada e
célula na interfase do micronticleo. Barra: 20 um (microscopio Olympus BX51, Japao, 100X).
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Table 1 - Frequency of chromosomal aberrations in A/lium cepa meristems under the effect of n-butanol,
residual rinse water and collagen solution (SD of n=3, each replica greater than 2000 cells).

Tabela 1 - Frequéncia de mutagdes cromossomicas em meristema de Allium cepa sob o efeito de n-butanol,
agua de lavagem residual e solug@o de colageno (DP de n=3, cada réplica maior que 2000 células).

Micronuclei / Altered metaphase / C-metaphase / Multipolar / Chromosomal bridge /
Treatment / Tratamento . . . . . AL
Microniicleos Metafase alterada C f: Multipolar Ponte cr a
n-Butanol 1.0% 0.38+0.26 0.28+£0.25 0.48 £0.17 0.39+0.14 0.01 +0.02
n-Butanol 0.5% 0.21+0.16 0.07 £0.03 0.02 +£0.02 0.09+0.11 0.02 +0.03
n-Butanol 0.1% 0 0 0 0 0.03 +0.03
Resi ] .
esrldual wzjter pr'e extrac'uon / 0 0 0 0 0
Pré-extra¢do de agua residual
Collagen / Colageno 0.5% 0 0 0 0 0
Control (distilled water) /
0 0 0 0 0
Controle (dgua destilada)

The alterations recorded after 6 h of exposure were
registered at the final stage of replication process
(S phase) and G2 phase (premitotic), as well as the
presence of multipolar-centers. They can occur as
a consequence of the cellular and chromosomal
cytoskeleton instability due to the effect of n-butanol,
which would have produced fragmentation of the
pre-existing centrosome(s) instead of a centrosome
amplification. The formation of multipolar spindle
regardless of the amplification of the centrosome
in HeLa cells after irradiation in G2 phase has been
previously observed (30). Moreover, it is known that
the centrosome duplication has occurred only once in
each cell cycle and began in the G1 (pre-replication)/S
phase and completed during G2 phase (31). However,
future investigations with a centrosomal labeling should
be carried out to determine if it is a fragmentation or
amplification.

The quantified changes due to the effect of n-butanol
are summarized in Table 1. Multipolar cells were most
frequently observed, followed by metaphases with
dispersed and condensed chromosomes. Chromosomal
changes were not observed in the other treatments, thus
verifying the genotoxicity of n-butanol.

The comet assay is one of the methods used to measure
DNA damage, using whole blood (22) or white blood
cells isolated directly from peripheral blood (5). Among
the parameters of genotoxicity, the percentage of
DNA in the comet test is used as the most informative
parameter due to its relationship with the magnitude
of the DNA damage. The greater the DNA breakage,
the greater the tail length due to migration, therefore,
the visualization will be immediate and the intensity of
the tail more evident (32). DNA damage was quantified
using the DNA percentage parameter on the tail.

nucleos, na Figura 3H,I. Da mesma forma, a presenca
de microntcleos (Figura 3I) foi uma evidéncia de
quebras cromossomicas produzidas em fases anteriores
a mitose.

As alteragdes, apos 6h de exposicdo, foram registradas
na fase final do processo de replicacdo (fase S) e
G2 (pré-mitética), bem como a presenga de centros
multipolares, nas Figuras 2F e 4A. Eles podem
ocorrer como consequéncia da instabilidade celular
e do citoesqueleto cromossomico devido ao efeito
do n-butanol, que teria produzido fragmentagao
do(s) centrossomo(s) pré-existente(s) em vez de uma
amplificagdo do centrossomo. Ja foi observada a
formagdo de fuso multipolar independentemente da
amplificacdo do centrossomo em células Hela apos
irradiacdo na fase G2 (30). Ademais, sabe-se que a
duplicacdo do centrossomo ocorreu apenas uma vez
em cada ciclo celular e teve inicio na fase G1 (pré-
replicagdo)/fase S e concluida durante a fase G2 (31).
No entanto, futuras investigacdes com rotulagem
centrosossomal devem ser realizadas para esclarecer se
¢ uma fragmentagao ou amplificacao.

A Tabela 1 apresenta alteragdes quantificadas pelo
efeito de n-butanol, com as mais frequentes células
multipolares, seguidas por metafases com cromossomos
dispersos e condensados. Alteragdes cromossémicas nao
foram registradas nos outros tratamentos, verificando
assim a genotoxicidade do n-butanol.

O ensaio do cometa ¢ um dos métodos utilizados para
medir danos ao DNA, utilizando sangue inteiro (22)
ou globulos brancos isolados diretamente do sangue
periférico (5). Entre os parametros de genotoxicidade,
a porcentagem de DNA no teste do cometa ¢ usada
como parametro mais informativo devido a sua relagdo
com a magnitude do dano de DNA. Quanto mais o
DNA quebrar, maior o comprimento da cauda devido
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In our investigation, the toxicity of n-butanol was
determined by the percentage of living cells with the
differential staining given by propidium iodide in white
blood cells isolated from human peripheral blood.
Only dead cells were colored, as seen in Figure 4.
Concentrations above 0.1% n-butanol were lethal in the
white blood cells. The percentage of viability of white
blood cells exposed to 0.001% n-butanol was 96.87%.
Cellular viability greater than 75% has been reported to
be necessary for the validity of genotoxicity tests (33).

DNA damage of white blood cells due to the exposure
to n-butanol was demonstrated by the degree of DNA
migration in alkaline unicellular electrophoresis (pH>
13). The heterogeneity of the response of white blood
cells to a clastogenic compound was observed at the
same sub-lethal dose and exposure time recorded in
all investigations (34). Figure 5 shows the variable
magnitude of DNA damage in white blood cells, from
zero level (no damage) in A, mild damage levels in B
and C, medium damage in D and high damage in E and
F. These types of damage were recorded in all treatments
including the positive and negative controls, using the
% Tail DNA to determine the clastogenic activity.

a migracdo, portanto, a visualizagdo sera imediata e a
intensidade da cauda mais evidente (32). Os dados de
dano ao DNA foram quantificados usando o parametro
percentual de DNA na cauda.

Em nossa investigacdo, a toxicidade do n-butanol foi
determinada pela porcentagem de células vivas com
a coloragdo diferencial dada pelo iodeto de propidio
em globulos brancos isolados do sangue periférico
humano. Apenas células mortas eram coloridas, como
na Figura 4. Concentragdes acima de 0,1% de n-butanol
foram letais aos globulos brancos. O percentual de
viabilidade dos gldbulos brancos expostos a 0,001%
n-butanol foi de 96,87%. Foi relatado que é necessario
que a viabilidade das células seja superior a 75% para a
validade dos testes de genotoxicidade (33).

O dano de DNA dos glébulos brancos foi evidenciado
pelo grau de migracao de DNA na eletroforese unicelular
alcalina (pH> 13) quando exposto ao n-butanol. A
heterogeneidade da resposta dos globulos brancos a um
composto clastogénico foi evidenciada na mesma dose
sub-letal e tempo de exposi¢do registrado em todas
as investigacdes (34). A Figura 5 ilustra a magnitude
variavel dos danos do DNA em globulos brancos, a
partir do nivel zero (sem dano) em A, niveis de dano

Figure 4 - Cell viability of human peripheral blood white blood cells. Non-colored cells with 1.0mM propidium
iodide correspond to living cells. Bar: 50um (Olympus BX51 fluorescence microscope, Japan, 100X).

Figura 4 - Viabilidade celular de globulos brancos do sangue periféricos humanos. Células ndo coloridas com
iodeto de propidio de 1,0mM correspondem a células vivas. Barra: 50um (Olympus BX51 microscopio de

fluorescéncia, Japao, 100X).
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Figure 5 - DNA fragmentation in alkaline comet assay of white blood cells. A, Cell with normal DNA; B and C,
Cell with low DNA damage; D, Cell with intermediate DNA damage; E and F, Cell with high DNA damage. Bar:
50 pum. Olympus BX51 fluorescence microscope, Japan, filter 546 nm and barrier filter 590 nm at 400x).

Figura 5 - Fragmentacdo de DNA no ensaio de cometa alcalino de globulos brancos. A. Célula com DNA normal;
B e C. Célula com baixo dano de DNA; D. Célula com dano de DNA intermediario; E e F. Célula com alto dano
de DNA. Bar: 50 um. Microscopio de fluorescéncia Olympus BX51, Japao, filtro de 546 nm e filtro de barreira

de 590 nm a 400x).

Figure 6A. shows the comparison of averages of the
DNA percentage in the comet tail for the treatment with
n-butanol (0.5%), without differences with the positive
control and significantly different to the negative
control, as well as the collagen extract (0.5%). The
percentage of viability evaluated after the n-butanol
treatment remained above 95% with an average
between treatments of 97.20 + 0.12%. Concentrations
lower than 0.1% n-butanol showed a decrease in the
clastogenic effect without significant variations with
concentration (Figure 6B). The high variability in the
damage degree of the white blood cells exposed to
n-butanol within each treatment reflects the variation in
the sensitivity of cellular response.

In the cytological tests of A. cepa with the rinsing liquid
and with 0.5% collagen, the mitotic cycle was normal
with no evidence of chromosomal damage. If the rinses
were insufficient, chemical residues could remain in
the collagen. Fortunately, due to the low-fat content
in tilapia skin (3.85%) (35), compared to other species
of fish, such as Sardinella maderensis, (26.0%) and S.
aurita, (24.0%) (36), n-butanol could be replaced by
ethyl alcohol to remove fat (37). Another alternative
treatment to eliminate fat from the raw material is

leve em B e C, dano médio em D e dano elevado em E
e F. Esses tipos de danos foram registrados em todos os
tratamentos, incluindo os controles positivo e negativo,
sendo a % de causa de DNA o parametro que usamos
para determinar a atividade clastogénica.

A Figura 6A ilustra a comparacdo das médias do
percentual de DN A na cauda do cometa para o tratamento
com n-butanol (0,5%), sem diferencas com o controle
positivo e significativamente diferente do controle
negativo, bem como o extrato de colageno (0,5%). O
percentual de viabilidade avaliado apds o tratamento
com n-butanol permaneceu acima de 95% com média
entre os tratamentos de 97,20 + 0,12%. Concentragdes
inferiores a 0,1% do n-butanol apresentaram diminui¢ao
do efeito clastogénico, sem variagdes significativas
entre elas (Figura 6B). A alta variabilidade no grau de
dano dos glébulos brancos expostos ao n-butanol dentro
de cada tratamento refletiu a variagdo na sensibilidade
da resposta celular.

Nos testes citologicos de 4. cepa com o liquido de
lavagem e com colageno a 0,5%, o ciclo mitotico foi
normal, sem evidéncia de dano cromossomico. Se 0s
enxagues ndo fossem suficientes, os residuos quimicos
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Figure 6 - A. Percentage Tail DNA in human peripheral blood white cells exposed to treatments. C-. negative
control, C+. positive control (hydrogen peroxide), COL. 0.5% collagen solution, B0.5. 0.5% n-butanol. Analysis
of variance and Tukey statistic, different letters are significant different (p<0.05). B. % Tail DNA in function of
the concentration variation of n-butanol (p<<0.05). Bar represents SD of n=3.

Figura 6 - A. Percentual de cauda de DNA em globulos sanguineos periféricos humanos expostos a tratamentos.
C-. controle negativo, C+. controle positivo (peroxido de hidrogénio), solugao de colageno de 0,5%, B0,5. 0,5%
n-butanol. Analise de variancia e estatistica de Tukey, letras diferentes sao significativas diferentes (p<0,05). B. %
de DNA na cauda em fun¢do da variacdo de concentracdo de n-butanol (p<0,05). A barra representa DP de n=3.

fermentation with Bacillus velezensis, which has a high
capacity to metabolize fat and proteins (38).

It has been shown that 1-butanol or n-butanol is
absorbed through the skin and respiratory tract and
produces pathological changes in the liver and kidneys
in rats, but not a mutagenic or carcinogenic effect (39).
Likewise, investigations in pregnant rats exposed to
1.0% n-butanol administered through water reported
toxicity and a decrease in maternal and fetal body weight
(40). For the Ames test, non-mutagenicity was reported
for n-butanol (16). In contrast, zebrafish embryos
exposed to n-butanol exhibited severe oxidative damage
with consequent damages in liver and brain tissues,
according to a recent study (41). However, our study
revealed the possibility of genetic changes if n-butanol
is continuously used for long periods of time.

In summary, we revealed the DNA fragmentation of
interphase, specialized and viable cells exposed in
vitro to n-butanol with the comet assay. Moreover,
alterations in addition to DNA breaks were detected
with the Allium test. However, further study is required
to provide information about the mechanisms of action
of the n-butanol DNA damage.

134

poderiam permanecer no coldgeno. Devido ao baixo
teor de gordura na pele da tilapia (3,85%) (35), em
comparagdo com outras espécies de peixes, como
Sardinella maderensis (26,0%) e S. aurita (24,0%)
(36), o n-butanol poderia ser substituido por alcool
etilico para remover a gordura (37). Outro tratamento
alternativo para eliminar a gordura da matéria-prima
¢ a fermentacdo com Bacillus velezensis, que tem alta
capacidade de metabolizar gordura e proteinas (38).

Foi demonstrado que 1-butanol ou n-butanol ¢
absorvido pela pele e trato respiratorio e produz
alteragdes patologicas no figado e rins em ratos,
mas nao um efeito mutagénico ou cancerigeno (39).
Da mesma forma, investigacdes em ratas gestantes
expostas a 1,0% de n-butanol administrado através
da agua relataram toxicidade e diminuigdo do peso
corporal materno e fetal (40). Para o teste de Ames, foi
relatado efeito ndo mutagénico para o n-butanol (16).
Em contraste, os embrides de peixes-zebra expostos ao
n-butanol apresentaram danos oxidativos graves com
consequentes danos nos tecidos hepaticos e cerebrais,
de acordo com um estudo recente (41). No entanto,
nosso estudo revelou a possibilidade da ocorréncia em
alteragOes genéticas se o n-butanol for continuamente
utilizado por longos periodos de tempo.



Conclusions

In the safety assessment of collagen extract obtained
from the tilapia (Oreochromis niloticus) skin for
cosmetic use, we concluded that n-butanol was a
genotoxic compound used, with significant changes
in the mitotic apparatus and chromosomes of Allium
cepa as well as a high percentage of DNA in the tail
of the comets. In addition, we revealed clear evidence
to consider partial (n-butanol) replacement or the
verification of its complete elimination with successive
(water) washes to minimize its presence in the raw
material for further preparations containing natural
products, such as this collagen derived from sustainable
sources. We note the importance of providing multiple
proofs of the genotoxic activity of the chemicals used
in the collagen extraction process to ensure the absence
of potentially harmful contaminants in the materials to
be used within cosmetic formulations.
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Em resumo, revelamos a fragmentagdo de DNA de
células em interfases, especializadas e viaveis expostas
in vitro ao n-butanol com o ensaio do cometa. Outras
alteracOes sdo evidenciadas, além de quebras de DNA
com o teste de Allium. No entanto, mais evidéncias
sdo necessarias para fornecer informagdes sobre os
mecanismos de a¢ao de danos de DNA do n-butanol.

Conclusoes

Na avaliacdo de seguranca do extrato de colageno
obtido da pele da tilapia (Oreochromis niloticus) para
uso dermocosmético, concluimos que o n-butanol
foi um composto genotoxico utilizado no processo,
com alteragdes significativas no aparelho mitotistico
e cromossomos de Allium cepa, bem como alta
porcentagem de DNA na cauda dos cometas. Ademais,
revelamos uma evidéncia clara para considerar a
substituicdo parcial (do n-butanol) ou verifica¢ao de sua
eliminagdo total por lavagens sucessivas para minimizar
sua existéncia remanescente na matéria-prima para
preparos adicionais contendo produtos naturais,
como o coldgeno derivado de fontes sustentaveis.
Observamos a importancia de fornecer evidéncias da
atividade genotoxica dos produtos quimicos utilizados
no processo de extragdo de colageno para garantir
a auséncia de possiveis contaminantes quimicos
nos materiais utilizados para outras formula¢des
dermocosméticas.
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CBIOS

Research Center For Biosciences & Health Technologies
Universidade Luséfona de Humanidades e Tecnologias

O CBIOS foi criado em 2011 como uma estrutura da COFAC / U.Luséfona, para promover a
investigacdao em ciéncias da saude como parte da Escola de Ciéncias e Tecnologias da Saude da
universidade.

Como parte da nossa visdo, o CBIOS desenvolve Estratégias Integradas de Saude destinadas a
apoiar o progresso das sociedades luséfonas.

O CBIOS atualmente inclui 23 membros integrados, 19 alunos de doutorado, 16 colaboradores e
uma ampla rede colaborativa, operando em cinco dominios de investigagaon - Bioativos naturais
(Bio.Natural), Desenvolvimento de Sistemas de Veiculagéo, Farmacologia e Mecanismos
Moleculares, Sistemas de Modelagdo (MoSys) e Nutri¢éo e Promogdo da Saude.

Por ser uma unidade universitaria, o CBIOS esta altamente comprometido com a Diversidade,
Equidade e Inclusdao. Também tem o privilégio de operar dentro de um ambiente multidisciplinar
e de mente alargada, essencial para fomentar a inova¢do, promover um ensino avancado e
atrair jovens investigadores dinamicos de diferentes origens e culturas.

CBIOS was created in 2011 as a structure of COFAC / U. Lus6fona, to promote research in health
sciences as part of the university’s School of Health Sciences and Technologies.

As part of our vision, CBIOS develops Integrated Health Strategies designed to support the
progress of Lusophone societies.

CBIOS currently includes 23 integrated members, 19 Ph.D. students, 16 collaborators, and a wide
collaborative network, operating in five research domains — Natural Bioactives (Bio.Natural),
Development of Delivery Systems, Pharmacology, and Molecular Mechanisms, Modeling
Systems (MoSys), and Nutrition and Health Promotion.

Being an university-based unit, CBIOS is highly committed to Diversity, Equity, and Inclusion.
It is also privileged to operate within a broad-minded, multidisciplinary environment essential
to foster innovation, promote advanced learning, and attract dynamic young researchers from
different backgrounds and cultures.

http://cbios.ulusofona.pt/
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Descricdao / Description

As plantas sao importantes ndo sé na promogao de um estilo de vida saudavel através de nutrientes
e condimentos, como na prevencdo e tratamento de doencas, através dos seus constituintes
guimicos naturais com acdo farmacoldgica. Em todos os casos, a saude do consumidor sé é
protegida pela garantia da qualidade dos produtos e sua seguranca por meio de uma relacao
dose-efeito padronizada, procurando-se entender cada vez mais o seu modo de acdo. Neste
evento, reuniremos diversos trabalhos que mostram a importancia do uso tradicional como
suporte para os medicamentos a base de plantas. Serdo apresentadas as caracteristicas gerais dos
medicamentos a base de plantas atualmente validados pela Agéncia Europeia de Medicamentos,
com destaque para os de uso tradicional autorizados em Portugal. Este evento com palestras,
posters e demonstracdes com visitas aos laboratdrios do Bio.Natural do CBIOS tem o objetivo de
dar a conhecer melhor o que sdo os medicamentos a base de plantas.

Plants are important not only in promoting a healthy lifestyle as nutrients and seasonings, but
also in the prevention and treatment of diseases through their natural chemical constituents with
pharmacological activity. In all cases, the consumer’s health is only protected by a guaranteed
quality of the products and their safety through a standard dose-effect relationship, seeking to
continually better understand their mode of action. In this event, we bring together different
works that show the importance of traditional use as a support for herbal medicines. Traditionally
used and well-established drugs currently validated by the European Medicines Agency will be
introduced, highlighting those authorized in Portugal. This event, with lectures, posters, and
demonstrations with visits to Bio.Natural laboratories of CBIOS, aims to give attendees a better
understanding of herbal medicines.

Organizac¢ao/ Organization

Patricia Rijo, CBIOS, ULHT (Local Organizer / Organizadora ULHT/CBIOS)
Maria do Céu Costa, CBIOS, ULHT

Andreia Rosatella, CBIOS, ULHT
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Vem conhecer melhor os Medicamentos a base de plantas

“Get to know herbal medicines better”

https://ects.ulusofona.pt/conferencias/dia-internacional-do-fascinio-das-plantas-18-de- maio-de-2021/

18 de Maio de 2021 —Sala I.1.2.
Presencial/Presential: 1.1.2. (ULHT)

Virtual: Zoom

Programa / Program

14:00-14:15 Welcome reception

14:15-14:30 Opening: L. Monteiro Rodrigues - CBIOS Director and
Patricia Rijo — Local Organizer, CBIOS
Session 1 | Presential Chair: Patricia Rijo (CBIOS, Lisboa, Portugal)
Virtual Chair: Andreia Rosatella (CBIOS, Lisboa, Portugal)
Talk #1 Herbal Medicines - Traditional and Well-established use

Maria do Céu Costa (SPFito, Lisboa, Portugal)

14:30-15:00

15:00-15:15 Talk #2 Medicinal cannabis in Europe — an overview
Jodo Anes (EXMceuticals Portugal)
15:15-15:45 Coffee Break / Posters
Session 2 | Presential Chair: Patricia Rijo (CBIOS, Lisboa, Portugal)
Virtual Chair: Andreia Rosatella (CBIOS, Lisboa, Portugal)

Talk #3 Hydroalcoholic extract of Calendula officinalis L. (Asteraceae)
15:45-16:00 = inflorescences promotes gastric ulcers healing in rats

Sergio Faloni de Andrade (CBIOS, Lisboa, Portugal)

Talk #4 Which place for the biorefinery in the circular bioeconomy? Forest
biomass as a source of bioactives but not for HMP — the case of Cupressus
lusitanica Mill

16:00-16:15

Paula Pereira, Maria Jodo Cebola, Oriana Pestana, José Nogueira, Maria
Graga Miguel, Susana Dandlen, Patricia Rijo, Maria do Céu Costa
(CBIOS, Univ Algarve, FCUL Lisboa, Portugal)

Q & A - Highlights & Lessons Learned

Maria do Céu Costa (CBIOS, Lisboa, Portugal)
16:30-16:45 = Closing session

16:15-16:30
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bioactives but not for HMP — the case of Cupressus lusitanica Mill............cccceviiiiiiiiiiiiiiiiiiiieeeeeeieeeeeeen, 9
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PC #3 Synopsis of the Bioactivity of Abietane Diterpene isolated from Plectranthus ecklonii Benth.....12
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PC #5 Antioxidant, antimicrobial activity and general toxicity of methanolic ultrasound-assisted
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Talk #1 Herbal Medicines - Traditional and Well-established use

Maria do Céu Costa

CBIOS - Research Center for Biosciences & Health Technologies, Universidade Lus6fona deHumanidades e
Tecnologias, Campo Grande 376, 1749-024 Lisboa, Portugal

SPFITO- Portuguese Society of Phytochemistry and Phytotherapy (member of ESCOP, https://escop.com/ ), Rua da
Sociedade Farmacéutica, 18, 1169-075 Lisboa (https://spfito.pt/)

General concepts of regulation of herbal medicines of traditional use and of well-established use. ACM-
Drug Marketing Authorization: case of Cannabis.

Since the Medicinal Plant is defined as any plant that in one, or more than one, of its organs, contains
substances that can be used for therapeutic purposes or that are precursors for chemical-pharmaceutical
hemi-synthesis, it is important to clarify the concepts of herbal substance and of herbal medicine. Herbal
substances are any whole, fragmented or cut plants, unprocessed, dried or fresh plant parts, algae, fungi
and lichens and some exudates not subject to specific treatment, defined through the part of the plant used
and the botanical taxonomy, including the species, the variety, if any, and the author (Dec. Law 176/2006,
paragraph 1 of art. 3). Herbal preparations, are preparations obtained by subjecting herbal substances
to treatments such as extraction, distillation, expression, fractionation, purification, concentration or
fermentation, such as substances derived from powdered or powdered plants, tinctures, extracts, essential
oils, squeezed juices and processed exudates. In this presentation, an overview of herbal medicines in the
EU and Portugal will be presented.
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Talk #2 Medicinal cannabis in Europe — an overview

Jodo Anes' and Adilia Charmier'?

' EXMceuticals Portugal, Lda, Edificio Tec Labs campus da FCUL, Campo Grande 1749-016, Lisboa Portugal.
2 Faculdade de Engenharia, Universidade Lusofona de Humanidades e Tecnologias, Campo Grande 376, 1749-024
Lisboa, Portugal.

Plants have been used for medicinal purposes long before prehistoric period. Among these ancient
medicinal herbs, Cannabis, a flowering plant of the family Cannabaceae, originating from Central and
South Asia, was used due to its broad-spectrum applications over the centuries. Its uses ranged from
ropes, clothing, paper to its psychoactive properties, making it a very appealing plant. From the 1900’s
onwards cannabis consumption was deemed illegal in several countries around the world due to its
overuse consequences [1].

The lack of scientific information regarding the mechanism of action of its constituents was a direct
consequence from the illegal status given in the 1900°s. Recently, this has changed, cannabis pre-clinical
studies have shown several medicinal properties which helped cannabis gained traction and legal status
for its medicinal use in most of North and South America, and in some European countries, lifting some of
the old prejudice. In Europe, medicinal cannabis usage is still growing. Several cannabinoid-containing
medicinal products are already available in the market [2,3].

EXMceuticals Portugal is one of the European Pharmaceutical companies working with medicinal cannabis
that is specialized in extraction and purification of cannabinoids and terpenes for pharmaceutical grade
ingredients. Most recently, due to the COVID-pandemic our research efforts have been put to “BioBlock
COVID”, a project that focus on antiviral properties of terpenes from cannabis and other medicinal plants
for inactivation o the virus SARS-CoV-2, and its applications in tissues, hand and surface disinfectants.

References

[1] Zuardi A.W. (2006) History of cannabis as a medicine: a review. Brazilian Journal of Psychiatry, 28(2), 153-7.

[2] Freeman, T. P., Hindocha, C., Green, S. F., & Bloomfield, M. (2019). Medicinal use of cannabis based products and can-
nabinoids. BMJ (Clinical research ed.), 365, 11141. https://doi.org/10.1136/bmj.11141

[3] Lipnik-Stangelj, M., & Razinger, B. (2020). A regulatory take on cannabis and cannabinoids for medicinal use in the
European Union. Arhiv za higijenu rada i toksikologiju, 71(1), 12—18. https://doi.org/10.2478/aiht-2020-71-3302
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Talk #3 Hydroalcoholic extract of Calendula officinalis L. (Asteraceae)
inflorescences promotes gastric ulcers healing in rats

Luisa Mota da Silva', Ana Carolina de Araujo', Viviane Silva Bunn!, Luisa Nathalia Bolda
Mariano!, Lincon Bordignon Somensi', Luiz Carlos Klein Jr.!, Sérgio Faloni de Andrade"*

"Programa de Pos-Graduagao em Ciéncias Farmacéuticas (PPGCF), Nucleo de Investigacdes Quimico-Farmacéuticas
(NIQFAR), Universidade do Vale do Itajai (UNIVALI), Rua Uruguai, 458, Centro, 88302-202 Itajai, SC, Brazil.
2CBIOS - Research Center for Biosciences & Health Technologies, Universidade Lus6fona de Humanidades e
Tecnologias, Campo Grande 376, 1749-024 Lisboa, Portugal.

email: sergio.andrade@ulusofona.pt

Calendula officinalis L. (Asteraceae), popularly known as Marigold in Europe and “Caléndula” in Brazil,
is amedicinal plant widely distributed in the world. The plant is listed in German Commission E, European
Scientific Cooperative on Phytotherapy, British Herbal Pharmacopeia, World Health Organization
monographs and “Formulario de Fitoterapicos da Farmacopeia Brasileira (Brazilian Pharmacopeia)” for
wound healing and anti-inflammatory actions. Its inflorescences have been used for centuries to treat a
wide variety of ailments including skin diseases, wounds, burn and gastrointestinal ulcers. Despite the
folk use, there are no studies about the potential of C. officinalis extract to heal gastric ulcers. Therefore,
this study aims to fill out this lack. The healing gastric ulcer potential of C. officinalis inflorescences
extract was evaluated using chronic gastric ulcer induced by acetic acid in Wistar rats. Different groups
(n=6) were treated orally with vehicle (water plus 0.5% Tween 80, ImL/100 g), omeprazole (20 mg/kg),
or C. officinalis inflorescences extract (10, 30 and 100 mg/kg), twice a day by seven days. The results
showed that C. officinalis inflorescences extract is rich in phenolic substances and displays healing
gastric chronic ulcer activity. The data suggest that effectiveness is related, at least part, to the capacity
of extract to increase protective factors of gastric mucosa such as mucus and antioxidant factors as well
as an increase in collagen synthesis. In addition, the findings of this study suggest that phytotherapeutic
products can be obtained from C. officinalis inflorescences for the development of new drugs to treat
gastric ulcers. It also contributed to the validation of the folk use of this species for the treatment of
gastric ulcers.

References

Chandra P, Kishore K, Ghosh A.K. (2015) Evaluation of antacid capacity and antiulcer activity of Calendula officinalis L. in
experimental rats. Oriental Pharmacy and Experimental Medicine, 15,277-285.

Formulario de Fitoterapicos da Farmacopéia Brasileira / Agéncia Nacional de Vigilancia Sanitaria. Brasilia: Anvisa, 2011.
126p.

Yadav AK, Mishra PK, Jain PK, Rao CV, Tiwaril S, Singh V. (2016) Investigation of Calendula officinalis whole plant as a
gastroprotective and antioxidant in peptic ulcer. British Journal of Medical and Health Research. 3(7).

Yoshikawa M, Murakami T, Kishi A, Kageura T, Matsuda H. (2001) Medicinal Flowers. III.1) Marigold. (1): Hypoglycemic,

Gastric Emptying Inhibitory, and Gastroprotective Principles and New Oleanane- Type Triterpene Oligoglycosides,
Calendasaponins A, B, C, and D, from Egyptian Calendula officinalis. Chemical and Pharmaceutical Bulletin, 49: 863-870.
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Talk #4 Which place for the biorefinery in the circular bioeconomy?
Forest biomass as a source of bioactives but not for HMP —
the case of Cupressus lusitanica Mill

Paula Pereira'?, Maria Jodo Cebola'*?, Oriana Pestana®*, José Nogueira*!, Maria GragaMiguel’,
Susana Dandlen®, Patricia Rijo', Maria do Céu Costa'*

ICBIOS - Research Center for Biosciences & Health Technologies, Universidade Lus6fona de Humanidades e
Tecnologias, Campo Grande 376, 1749-024 Lisboa, Portugal.
2CERENA — Instituto Superior Técnico (IST Center for Natural Resources and Environment), Universidade de
Lisboa, Av. Rovisco Pais, 1049-001 Lisboa, Portugal
3Escola Nautica Infante D. Henrique, Av. Eng. Boneville Franco, 2770-058 Pago de Arcos, Portugal
“Departamento de Quimica e Bioquimica, Faculdade de Ciéncias, Universidade de Lisboa, Campo Grande Ed. C8,
1749-016 Lisboa, Portugal
SCentro de Biotecnologia Vegetal, Faculdade de Ciéncias e Tecnologia, Universidade do Algarve, Faro, Portugal
®Universidade do Algarve, Campus de Gambelas, 8005-139 Faro, Portugal

Several by-products such as essential oils and extracts from medicinal and aromatic plants (MAP) can
be obtained within the biorefinery concept from forest biomass as they are high value, low volume
commodities, extremely attractive for the perfume, cosmetic and flavour industries and are also known
to possess different pharmacological activities. Cupressus lusitanica Mill (“cipreste-do-Bugaco” in
Portuguese), also known as Cedar-of-Goa or Mexican cypress, was introduced in Portugal more than
300 years ago and is still widely used as an ornamental plant and for reforestation [1]. It is frequent in
Portuguese landscape, and large amounts of their waste products are obtained from forest management.
Recent studies reported for the first time the chemical composition of the essential oil and hydrolate
volatiles and their antioxidant and anti-inflammatory properties [2]. The supercritical extraction of the
volatile o1l of C. lusitanica has not been studied in literature. So, the aim of this work was to evaluate
the extracting capability of supercritical CO2, to recover volatiles contained in C. lusitanica, in order to
determine its chemical composition and to assess its potential as a source of drug leads.

From Biomass it is not possible to prepare qualified extracts for medicines (Good Agricultural Practices,
contaminants, impurities, wastewater ...) but it is possible, for example, to extract compounds with
antiviral action, such as ferruginol, the major component of CO2 extraction.
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Despite the great development in Human medicine, cancer is still a serious threat to public health and consequently,
research on new anticancer agents should be continued [ 1]. Natural products from medicinal plants (e.g., Plectranthus
species) continue to be a substantial resource to treat different diseases, particularly in developing countries [2].
Plectranthus species are rich in diterpenoids, which are reported to be responsible for various pharmacological
activities such as cytotoxic activity [3]. P. mutabilis Codd. is a perennial succulent herb containing Nepetoidins A
and Nepetoidins B in its essential oils and have limited information available in the literature [4].

In this study, we performed an ultrasound-assisted acetone extraction of air-dried P. mutabilis whole plant followed
by a bio-guided fractionation using the Artemia salina general toxicity assay that resulted in the identification
of four compounds: Coleon U quinone (1), 8a,90- Epoxycoleon U quinone (2), Coleon U (3) and 7-hydro,14-
deoxycoleon U (4) [4]. The cytotoxicity of the isolated compounds and P. mutabilis extract was evaluated using
a model system of sensitive (NCI-H460) and MDR (NCI-H460/R) cells, along with normal human embryonal
bronchial epithelial cells (MRC-5). Studies of modulation of P-gp activity are ongoing to unveil the interaction of
these compounds and xtract with P-gp.
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Medicinal plants have been used for centuries to treat several illnesses. Plectranthus plants (Lamiaceae) are
widely known for their ethnomedicinal uses [1]. Consequently, several bioactive abietane diterpenes were
already discovered in Plectranthus spp., such as Parvifloron D (Parv) [2], 7B,6B-Dihydroxyroyleanone
(Diroy) [3], 7a-acetoxy-6p-hydroxyroyleanone (Roy) [3], and 6,7-dehydroroyleanone (Deroy) [4].

In this study, we explored the cytotoxic effect of Roy, Deroy, Diroy, and Parv in acute lymphocytic
leukemia (CCRF-CEM) and lung adenocarcinoma cell lines (A549) and their ability to induce apoptosis.

The natural diterpenoids tested induced cell apoptosis by altering the level of pro- and anti- apoptotic
genes and, consequently, inhibited the proliferation of CCRF-CEM and A549 cells in vitro. Roy and
Parv displayed the most promising results in both human cancer cell lines, changing the permeability
mitochondrial membrane potential and reactive oxygen species (ROS) levels. Consequently, Roy and
Parv could be used in the future as natural chemotherapeutic agents.
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In recent years, the world has witnessed a resurgence in the use of herbal medicine, as an alternative
and complimentary approach to the prevention and treatment of disease. It is estimated there are around
28,137 recorded medicinal plants, from which, species of the Lamiaceae family are popularly used
for their medicinal properties and application, especially in folk medicine. In particular, species of the
Plectranthus genus have widespread ethnobotanical and traditional uses. In parts of southern Africa,
Plectranthus ecklonii Benth., is used to treat tuberculosis- and listeriosis-related problems, gastrointestinal
infections and skin diseases [1]. The broad catalogue of uses suggests that this species, and others from
the same genus, are promising plants for the discovery of medicinal compounds. Plectranthus species
contain many bioactive compounds and exhibit several biological effects, including anti- inflammatory,
antioxidant, anti-infective and antitumour [2]. In this work, search terms, including ‘ Plectranthus ecklonii’,
‘parvifloron D’, “parvifloron E’, ‘parvifloron F” and ‘sugiol’, were used and databases, including PubMed,
Web of Science and ScienceDirect, were examined. Herein lies the information currently present in the
literature on the isolated abietane diterpenes of P. ecklonii, parvifloron D, E, F and sugiol, and comments
on their bioactivities, in order to reveal their potential for novel pharmaceutical drug development [3].
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LOX (Lysyl oxidase) and LOXL 1-4 are amine oxidases, that catalyze the cross-linking of elastin and
collagen in the extracellular matrix of tumors, facilitating the formation of metastases. LOXL2 inhibitors
have been suggested as a promising treatment to prevent metastasis and invasion of breast cancer [1].
These compounds may also have clinical interest in fibrotic diseases. BAPN (B-aminopropionitrile) is
a phytochemical compound that was the first LOX inhibitor known. Medicinal plants are important
sources of natural bioactive products and constitute a potential source of novel LOXL2 inhibitors, such
as pimarane diterpenoids [2]. In this work, two pimaranes, lagascatriol (1) and 7, 15-isopimaradien-19-ol
(2) were tested [3]. Pimarane-type diterpenoids are a potential source of novel human LOXL2 (hLOXL2)
inhibitors. These bioactive compounds have been described for their therapeutic properties like antitumor,
anti-inflammatory, analgesic and antibacterial activities [2]. However, their effect on LOXL2 activity
was never studied before. For the screening of the LOXL2 inhibitory activity of these compounds, the
Amplex ultra red (AUR) technique was used [4]. The method was validated using BAPN, and an I1C50
value in accordance with previous reports was obtained [4]. Our results indicate that pimarane 1 has
no inhibitory activity for LOXL2. For pimarane 2, an IC50 value of 174 uM was found. Although the
pimarane 2 has the ability to inhibit LOXL2, it presents a very high IC50 value when comparing to the
positive control BAPN. Further studies will be carried out to identify novel compounds able to inhibit
LOXL2 with potential therapeutic interest.
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The search for natural products as active ingredients in cosmetics has gained strength due to the large
demand from the general population concerned with daily care and health. Plectranthus spp. is a well-
known genus used in traditional medicine for skin conditions. It belongs to the Lamiaceae family that
grows in the warm and tropical areas of the globe. The aim of this study is to select, through literature,
Plectranthus species related to skin disorders and evaluate their antioxidant, antimicrobial activities and
general toxicity for its potential cosmetological use. Considering the ethnopharmacological use, 8 species
were selected (P. amboinicus, P. barbatus, P. cylindraceus, P. ecklonii, P. fruticosus, P. grandidentatus, P.
hadiensis and P. madagascariensis).

Methanolic ultrasound-assisted extracts were prepared for all eight selected species (10% (w/v)). The
antioxidant activity was evaluated by the 2,2-diphenyl-1-picrylhydrazyl, DPPH radical method, using the
extracts at 10 mg/mL. The extracts of P. ecklonii and P. grandidentatus showed high antioxidant activity
- 98,15% and 72,34% respectively.

All extracts were screened for their antimicrobial activity, using the microdilution test at 10 mg/mL,
against Gram-positive bacteria and yeast strains related to skin microbiota (S. aureus and C. albicans).
The extracts of P. amboinicus, P. fruticosus, P. grandidentatus, P. hadiensis and P. madagascariensis
showed moderated antimicrobial activity against Gram-positive bacteria and yeasts tested.

The general toxicity was tested using the Artemia salina L. model and was tested at 0.1 mg/mL. None of
the extracts were revealed to be toxic.

The Plectranthus extracts seem to be promising ingredients to be used in dermocosmetic formulations.
However, further studies addressing safety, namely cytotoxicity, and other areas of efficacy, such as
physical and chemical stability must be conducted.
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Myrtus communis L. is an evergreen shrub belonging to the Myrtaceae family that grows wild around
all the Mediterranean region, Portugal included. Many medicinal properties have been attributed to
myrtle, which has been used since ancient times in folk medicine. It is traditionally used as an antiseptic
disinfectant, with anti-hemorrhagic, antimicrobial and antioxidant properties. Toxicity screening,
particularly the study of the mutagenicity, is a necessary aspect of the preliminary safety evaluation
of plant-derived extracts and compounds prior to further development and commercialization [1]. On
the other hand, the search for antimutagenic agents is an important one, since such compounds maybe
helpful in preventing cancer and other mutation-related diseases [2].

In this study, the mutagenic and antimutagenic activities of a supercritical myrtle extract was assessed using
the Salmonella mutagenicity assay (Ames test). No mutagenic effects were observed for concentrations
up to 5.0 mg/plate, which corresponds to the recommended maximum test concentration according to the
OECD guidelines for testing of chemicals. On the other hand, the extract was able to inhibit up to 45% the
mutagenic activity of tert-Butyl hydroperoxide. As tert-Butyl hydroperoxide is an oxidative mutagen, the
antimutagenic effect could be related to the antioxidant activity of the extract. The antimutagenic activity
detected could make this extract a promising candidate for future applications in human healthcare.
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The Plectranthus genus belongs to the Lamiaceae family and consists of around 300 species distributed
from Africa to Asia and Australia. Several studies have reported that Plectranthus species are rich
in abietane-type diterpenes, such as royleanones, which are interesting in the treatment of various

18

diseases. One of such species is Plectranthus hadiensis (Forssk.) Schweinf. OH
ex Sprenger, which has been documented to be useful in several types of
cancer [1]. The objective of this work is to present the preliminary results of
extraction, fractionation, isolation and bioactivity of the aerial parts of this =
plant. These data indicate a great difference between the acetonic extracts
from leaves and those from stems, mainly in their content of 7a-acetoxy- S o
6B- hydroxyroyleanone (Figure 1), which has cytotoxic properties [2,3]. " o Y
Currently, phytochemical studies are ongoing to elucidate the main abietanes Figure 1. Structure of 7a-acetoxy-
responsible for the biological activity. 6p-hydroxyroyleanone
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The development of new drug delivery systems faces several challenges, like the poor drug solubility of
many substances, such as phenolic compounds, as well as the low stability of various delivery systems
[1-2].

Rutin is a polyphenolic bioflavonoid widely found in natural sources, including fruits (e.g., apples, grapes,
lemons), vegetables (e.g., carrots, potatoes), and beverages (e.g., tea and wine)[2]. In the last years,
several relevant pharmacological activities have been attributed to this phenolic compound, including
antioxidant, anti-inflammatory, antidiabetic, antimicrobial, and anticancer [2]. Hence, this compound
presents vast potential, but since it presents low aqueoussolubility its incorporation into delivery systems
may be impaired.

Considering this, ionic liquids (ILs) are a multifunctional tool that may be valuable to overcome this
challenge [2,3].

Thus, this work aimed to study the influence of the biobased IL (2- hydroxyethyl)trimethylammonium-
L-glycinate [Cho][Gly], on the solubility and loading of rutin into oil-in-water (O/W) emulsions and to
access its impact on the stability of the developed formulations.

Our results showed that the [Cho][Gly] allowed a considerable increase in the solubility of rutin, even
compared with other previously studied ILs, thus granting a higher rutin loading into the emulsions. This
IL was also crucial to stabilize the developed formulations.
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