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RESUMO

A flora brasileira é rica em plantas com propriedades medicinais, que através do uso popular e
de pesquisas especificas, tem contribuido para o desenvolvimento de uma gama de produtos
homeopéticos que utilizam as plantas para tratamento e cura de doengas. Entretanto, estudos
que utilizam plantas do cerrado brasileiro no tratamento de desordens metabolicas ainda sao
escassos na literatura. O objetivo deste trabalho foi analisar como a Lafoensia pacari,
conhecida popularmente como mangava-brava, atua no metabolismo de camundongos com
obesidade induzida por dieta hiperlipidica. O material vegetal foi coletado no municipio de
Bonito de Minas, MG, Brasil respeitando todos os preceitos legais. Os testes qualitativos para
a presenca de classes de metabdlitos secundarios foram realizados. Quanto a experimentagao
animal, 36 camundongos machos da linhagem swiss e com 4 semanas de idade participaram
dos experimentos divididos em dois grupos de nimero igual (n=18), o da dieta padréo e o da
dieta hiperlipidica para inducdo da obesidade. Ap6s a inducdo da obesidade por 4 semanas, 0S
animais foram distribuidos em 6 grupos onde foi realizado um tratamento por gavagem
durante 4 semanas utilizando o extrato hidroetanolico das folhas da planta, a planta suspensa
em agua bidestilada e um grupo controle recebendo apenas agua e etanol. Realizamos testes
bioquimicos do soro, analise histologica do tecido hepatico. A fitoquimica comparativa da
planta ndo demonstrou alteracdo entre as partes da planta que foram avaliadas. Apds o
tratamento, foram observadas maiores alteracdes nos animais que receberam a dieta rica em
gordura e o extrato hidroetandlico, como nos niveis de transaminase glutamico
oxalacética(TGO), transaminase glutdmica piravica (TGP), colesterol total, albumina e
creatina aumentados nos animais que receberam a dieta padrdo. N&o foram verificadas
diferencas significativas no peso corporal, triglicérides e colesterol total nos animais que
receberam a dieta rica em gordura e tratados com o extrato. Na andlise histolégica, os animais
que receberam quaisquer tratamentos com a planta, obtiveram maior niumero de células
necrosadas, demonstrando assim uma possivel toxicidade. Concluimos que a Lafoensia pacari
deve ser melhor avaliada para consumo oral, podendo a mesma causar danos hepaticos.

Palavras-chave: Metabolismo. Obesidade. Plantas medicinais. Lafoensia pacari. Mangava-brava.



ABSTRACT

The Brazilian flora is rich in plants with medicinal properties, which through popular use and
specific research, has contributed to the development of a range of homeopathic products that
use plants to treat and cure diseases. However, studies that use Brazilian plants in the
treatment of metabolic disorders are still scarce in the literature. The objective of the present
study was to analyze how Lafoensia pacari acts on the metabolism of mice with obesity
induced by high-fat diet. The plant material was collected in the municipality of Bonito de
Minas, MG, Brazil respecting all legal precepts. Qualitative tests for the presence of classes of
secondary metabolites were performed. As for animal experimentation, Swissmale mice (4
weeks old) participated in the experiments and were divided into two groups (n = 18 each),
fed standard and the high-fat diet to induce obesity. After the obesity induction (4 weeks), the
animals were distributed into 6 groups where a gavage treatment was carried out for 4 weeks
using the L. pacari leaves hydroethanolic extract, the plant suspended in doubly distilled
water and a control group receiving only water and ethanol. After the treatment period, the
animals were killed and samples of blood and liver tissue were collected. Biochemical and
histological analysis were performed. The comparative phytochemical analysis of the plant
did not show alteration between the different plant parts. After treatment, greater changes
were observed in the animals that received the high-fat diet and the hydroethanolic extract, as
in the levels of GOT, GPT, total cholesterol, aloumin and creatine that were increased in the
standard-fed animals. There were no significant differences in body weight, triglycerides and
total cholesterol in the animals that received the high-fat diet. In the histological analysis, the
animals that received any treatments with the plant, displayed anincreased number of necrotic
cells, thus demonstrating a possible toxicity. We conclude that Lafoensia pacari should be
better evaluated for oral consumption and may cause liver damage.

Keywords: Metabolism. Obesity. Medicinal plants. Lafoensia pacari. Mangava-brava.



LISTA DE ABREVIATURAS E SIGLAS

SM Sindrome Metabdlica

ANVISA Agencia Nacional de Vigilancia Sanitaria

HDL Lipoproteina de alta densidade

LDL Lipoproteina de baixa densidade

DM2 Diabetes Mellitus tipo 2

DH Dieta hiperlipidica

DP Dieta padréo

SISBIO Sistema de Autorizacdo e Informacdo em

Biodiversidade
IEF Instituto estadual de florestas
SisGen Sistema Nacional de Gestdo do Patrimdnio

Genético e do Conhecimento Tradicional

Associado
HE Extrato Hidroetanolico
PL Folhas da planta
TGO Transaminase glutamico-oxalacética

TGP Transaminase glutdmico-pirtvica
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1INTRODUCAO

1.1 CERRADO

O Cerrado é o segundo maior bioma da América do Sul, composto por cerca de 2
milhdes/km? e dividido em 22 microrregifes. Tais regides sdo classificadas segundo clima,
geomorfologia, solo e vegetacdo (1). Atualmente este bioma passa por uma transformacéao de

solo e vegetacdo devido as atividades agricolas e agropecuarias. Estima-se que 80% do seu

territdrio ja tenha sido modificado devido a essas atividades (2).

Figura 1. Area de Cerrado da Area de Preservacio Ambiental da Bacia do rio Pandeiros.

(Fonte: Acervo pessoal)

O Cerrado esta localizado proximo ao Pantanal e este influencia de forma positiva na
formacéo do seu diversificado bioma (3). Em 1986, Cole definiu esta vegetacdo como sendo
parte da Savana Brasileira, devido as suas caracteristicas ecoldgicas e fisiondmicas (4). Para a
definicdo de savana foi considerado o solo, composi¢do quimica, disposi¢cdo de &gua,
nutrientes e composicao fisica, a latitude, morfologia, localizacdo geogréfica, ocorréncia de

gueimadas, profundidade do lencol freatico, dentre outras caracteristicas(b).



Segundo Collinson, o Cerrado é “uma formacdo tropical com dominio de gramineas,
contendo uma propor¢do maior ou menor de vegetagdo lenhosa aberta e arvores associadas.”
Além de uma vasta diversidade vegetal, o Cerrado também conta com uma gama de plantas

medicinais de uso popular (Figura 1).

1.2 PLANTAS MEDICINAIS

As plantas medicinais podem ser definidas como “toda planta ou parte vegetativa que
contenha substancias ou classes de substiancias responsaveis pela agdo  terapéutica”
(ANVISA) — Brasil, 2010. O uso de plantas medicinais tem aumentado gradativamente,
porém, uma planta sé apresenta valor medicinal se for utilizada de maneira correta. Algumas
plantas possuem grande toxicidade, como a Babosa, que possui amplas propriedades
terapéuticas mas é considerada toxica em outras utilizacdes, devido a presenca de aloina, que

leva a inflamac@es renais e hepaticas (8).

As plantas medicinais sdo distribuidas por categorias mediante a sua a¢do no organismo, tais
quais: calmantes, energizantes, diuréticas, hipotensoras, depurativa, dentre outras. (9). Elas
sdo utilizadas para auxiliar e/ou substituir a utilizacdo de medicacdo industrializada. A
utilizacdo de tais plantas ocorre como uma alternativa &s populacGes de baixa renda e rurais
que necessitam de outras op¢des para tratamento de algumas enfermidades. (10) Dentre as
plantas com potenciais terapéuticos com poucos estudos, temos a Lafoensia pacari que pode

surgir como uma alternativa a tratamentos de obesidade e sindrome metabolica.

1.3 Lafoensia pacari

A Lafoensia pacari é uma planta arborea popular do Cerrado, pertencente a familia
Lythraceae, conhecida por diversos nomes de acordo com a regido. No estado de Goias €
chamada de “mangava-brava”, de “louro da serra” em Santa Catarina e de “dedaleiro” na
regido de Sdo Paulo. No género Lafoensia, sdo encontrados compostos quimicos da classe dos
taninos, quinonas e, principalmente, alcaléides. Na espécie L. pacari, foram evidenciados
como principios ativos os taninos, flavondides, saponinas, esterdides, triterpenoides e
alcaldides. Como a casca € muito utilizada para feridas e Ulceras, em estudos fitoquimicos do

extrato hidroalcoolico da casca do caule, houve a presenca de &cido gélico e elagico,



catequinas, taninos, esteroides, triterpenos, saponinas, chalcolonas, auronas, flavonodides,
leucoantocianidinas, antraquinonas e fendis (11). A L. pacari é altamente recomendada para
arborizacdo urbana e recomposicao de areas degradadas (12).

A floragio ocorre de Outubro a Dezembro e os frutos de Abril a Junho. E utilizada na
medicina popular como cicatrizante (casca), diaforética (folhas) e no tratamento da

pneumonia (frutos) (13-15).

Nas avaliagbes das propriedades biolégicas da L. pacari, foram listadas as atividades
antibacterianas, antifungicas, antivirais, antidepressiva, antiinflamatdria, antieosinofilica
(atuou sobre a interleucina-5, que apresenta papel importante nos processos
alérgicos),antiedermatogénica, antipirética, antioxidante, antisecretdria gastrica (utilizada no
tratamento das Ulceras estomacais), ansiolitica, analgésica e antimoluscicida. Também foi
avaliada a eficacia como larvicida, mas ndo houve beneficio e na avaliacdo da toxicidadein

vitro e a planta ndo apresentou efeitos toxicos (15).

O acido elagico é um polifenol abundante que se destaca nessa espécie. Ele pode estar
presente em outras espécies, principalmente em flores e frutos. Tem grandes beneficios para a
salde humana, sendo descrito pela literatura como antiviral, antibacteriano, anti-inflamatdrio,
cardioprotetor e hepatoprotetor (16). Estudo realizado na Universidade Federal de Goias (17)
demonstrou que o acido elagico quando usado em camundongos knowout para hipertensao,
resultou em diminuicdo da espessura de parede adrtica e menor calcificacdo, o que favorece a
biodisponibilidade de oxido nitrico. A partir desses dados, ficou claro que o &cido elégico
atenuou a hipertensdo nesses camundongos. Em camundongos com modelo de asma, este
contribuiu para a diminuicdo da inflamacdo eosinofila, sugerindo uma possibilidade nos

tratamentos de alergias (18).

1.4 SINDROME METABOLICA

A sindrome metabolica (SM) é caracterizada por diversas anormalidades interligadas, o que
aumenta o risco de doencas cardiovasculares e resisténcia a insulina. Em 1998, a Organizacéao
Mundial da Saude estabeleceu o termo unificado sindrome metabdlica, pois os estudos nédo
identificaram a presenca de resisténcia a insulina como unico fator causal de todos os

componentes da sindrome. A patologia da doenca ainda esta sendo avaliada, ndo havendo



explicagcBes precisas sobre o seu desenvolvimento(4).0 diagnéstico da SM leva em
consideracdo o fato desta ndo poder ser tratada separadamente como outras sindromes, mas

considerar uma combinacéo de fenotipos relacionados (11).

Embora o papel genético ainda ndo esteja completamente elucidado, este ainda é o fator que
mais predispde a SM. Esta suposicdo se deve ao fato da SM ser encontrada em 10-30% dos
casos em que foi realizada uma triagem familiar e foi demonstrado que esta seria hereditéaria
(19). Existem alguns fatores que predispde a SM como: circunferéncia abdominal acima de
94cm em homens e 80cm em mulheres, dislipidemia com aumento do triglicérides e
diminuicdo do HDL, pressdo arterial sistolica acima de 130mmHg e diastdlica acima de
85mmHg e diabetes mellitus do tipo Il (20).

Para a saude publica, os gastos que sdo aplicados em tratamentos para melhora do quadro da
SM poderiam ser aplicados em estratégias que visam prevenir o surgimento da mesma.
Programas que incentivam a atividade fisica, consumo de dieta saudavel rica em verduras,
legumes e folhas, campanhas de abandono ao tabaco e acompanhamento continuo dos

pacientes que ja possuem a doenca, podem melhorar o desenvolvimento da mesma.



2 OBJETIVOS

2.1 Objetivo geral

Avaliar o efeito do extrato da folha de Lafoensia pacari sobre o metabolismo de

camundongos com obesidade induzida por dieta.

2.2 Objetivos especificos

2.2.1 Avaliar o perfil fitoquimico entre as folhas, a casca e das partes aéreas da Lafoensia
pacari.

2.2.2 Avaliar o efeito do extrato hidroetanélico das folhas da Lafoensia pacari nos niveis séricos
lipidico e de transaminases em modelo animal com obesidade induzida.

2.2.3 Analisar as diferencas histolégicas no tecido hepéatico na utilizacdo do extrato
hidroetandlico da folha e da suspensdo do pdé da folha em agua em camundongos com

obesidade induzida por dieta.



3 PRODUTO
Produtol:

Effect of Lafoensia pacari (Lythraceae) ASt.-Hill leaf extract on the metabolism of diet-
induced obese mice formatado segundo as normas para publicacdo do periddico Life Sciences.



3. 1PRODUTO 1:
Effect of Lafoensiapacari (Lythraceae) ASt.-Hill leaf extract on the metabolism of diet-
induced obese mice
Natalia Gongalves Ribeiro 1, Janaina Ribeiro 1, Amanda Souto ¢, Deborah de Faria Lelis’, Victor Hugo
Dantas Guimardes t, Sérgio Henrique Sousa Santos 1,2*

1 Laboratoryof Health Science, PostgraduateProgram in Health Sciences, Universidade Estadual de
Montes Claros, Montes Claros, Minas Gerais, Brazil.

2 Instituteof AgricultureSciences. Departments of Food Engineering; Universidade Federal de Minas
Gerais, Minas Gerais, Brazil.

Correspondence to: Sérgio H S Santos. Laboratory of Health Science. Universidade Estadual de
Montes Claros. Av. Cula Mangabeira 562. 31401-001, Montes Claros, MG, Brazil. FAX/Phone: (55-
38) 3229-8327. E-mail: sergiosousas@hotmail.com

Abstract

The Brazilian flora is rich in plants with medicinal properties, which through popular use and
specific research, has contributed to the development of a range of homeopathic products that
use plants to treat and cure diseases. However, studies that use Brazilian plants in the
treatment of metabolic disorders are still scarce in the literature. The objective of the present
study was to analyze how Lafoensia pacari acts on the metabolism of mice with obesity
induced by high-fat diet, and to verify the phytochemical difference between the L. pacari
bark of the trunk, leaves, and the branches. The plant material was collected from April to
May in the municipality of Bonito de Minas, MG, Brazil respecting all legal precepts.
Qualitative tests for the presence of classes of secondary metabolites were performed for
leaves, branches and bark of the trunk. Through histological analysis, we evaluated
hepatocytes and cell lesions in the liver. The comparative phytochemical analysis of the plant
did not show alteration between the different plant parts. It is preferable to use the leaves to
make the extract to be applied, aiming to reduce the plant aggression. After treatment, greater
changes were observed in the animals that received the high-fat diet and the hydroethanolic
extract, as in the levels of GOT, GPT, total cholesterol, aloumin and creatininethat were
increased in the standard-fed animals. There were no significant differences in body weight,
triglycerides and total cholesterol in the animals that received the high-fat diet. In the
histological analysis, the animals that received any treatments with the plant, displayed
anincreased number of necrotic cells, thus demonstrating a possible toxicity. We conclude
that Lafoensiapacari should be better evaluated for oral consumption and may cause liver
damage.

Keywords: Metabolism. Obesity. Medicinal plants.

INTRODUCTION

Lafoensiapacari is a tree plant belonging to the family Lythiraceae. It is a popular plant of the
Brazilian Cerrado biome and is known as ‘“mangava-brava”, “Louro da serra” and
“dedaleiro”, among other names. L. pacari flowering occurs from October to December and
fruits, from April to June. It is used in the popular alternative medicine as healing (bark),

diaphoretic (leaves) and in the treatment of pneumonia (fruits)!. In the Lafoensia genus,
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chemical compounds of the class of tannins, quinones and, mainly, alkaloids are found. In the
L. pacari species, tannins, flavonoids, saponins, steroids, triterpenoids and alkaloids were
shown as active principles. As the bark is widely used for wounds and ulcers, in
phytochemical studies of the hydroalcoholic extract of the stem bark, gallic and ellagic acid,
catechins, tannins, steroids, triterpenes, saponins, chalcolones, auronas, flavonoids,
leucoantocianidines, anthraquinones and phenols were identified®.

In the evaluations of the biological properties of L. pacari, the following activities
were listed: antibacterial, antifungal, anti-viral, antidepressive, anti-inflammatory,
antieosinophilic (acting on interleukin-5, which are responsible for allergic processes),
antidematogenic, antipyretic, antioxidant, gastric (antisecretory in the treatment of stomach
ulcers), anxiolytic, analgesic and anti-molluscicidal properties.

In addition to the properties described above, L. pacari is rich in ellagic acid, a
polyphenol present in some fruits and vegetables. It has great benefits for human health,
asdescribed in the literature to present antiviral, antibacterial, anti-inflammatory,
cardioprotective and hepatoprotective activities®. A study carried out at the Federal University
of Goias’ has shown that ellagic acid when in hypertensive mice resulted in a smaller aortic
wall thickness and less calcification, which favors the nitric oxide bioavailability. From these
data, it was clear that ellagic acid attenuated hypertension in these mice. In mice with an
asthma model, ellagic acid contributed to the reduction of eosinophilic inflammation,
suggesting a possibility in allergy treatments®.

Based on the presented data, that study aimed to evaluated the phytochemical
differences between the branches, leaves and the bark of the Lafoensia pacari trunk in order
to improve the use of this species and to preserve the species avoiding the trunk extraction of
this plant. We also discuss this species effects on the metabolism of mice with obesity
induced by high-fat diet.

METHODS

Material collection and plant phytochemical analysis
Plant Material

Samples of Lafoensia pacari were collected between April and May, 2018, in the
municipality of Bonito de Minas, MG, Brazil (15 ° 13'31.4 "'S 44 ° 55'01.5" W) (Fig. 1),



previously authorized by the SISBIO (System of Biodiversity Information and Authorization)
under the protocol number 66693-1, approved by the State Forestry Institute (IEF) and
registered in SisGen (National System for the Management of Genetic and associated
Traditional Knowledge), under the protocol number A6B40FC. The collected material was
duly identified by Lafoensiapacari, and a specimen was deposited in the herbarium Montes
Claros at UniversidadeEstadual de Montes Claros, Minas Gerais, Brazil and identified as
number MCMG 3626.

The plant botanical name was verified using the www.theplantlist.org
website.Undamaged leaves, free from the attack of insects, or fungi were selected. The leaves,
branches and bark of the trunk were dehydrated in an incubator (model 400, ND, New ethics,
Vargem Grande Paulista, SP) with forced air circulation at 45 °C until reaching a constant
mass. After drying, the material was milled in a knife mill and stored in a hermetically sealed

amber glass, to avoid photo degradation.

Fig.1 Representation of the collection area in the municipality of Bonito de Minas / MG. Image

accessed December 2018. Google Earth image.

Phytochemical Characterization

Quialitative tests for the presence of classes of secondary metabolites were
performed for leaves, shoot branches and bark of the trunk. For tannins, Pb (C2H302) 2 10%

(neutral lead acetate) and 2% FeCI3 (iron chloride) were used. The flavonoids were identified


http://www.theplantlist.org/

via 2% FeClI3 and Shinoda reagent, while the alkaloids were identified by Mayer, Bouchadart,

Betrand and Dragendorf, and thesaponins by the resistant foam test-1,

Preparation of theLafoensiapacarihydroethanolic extract

The hydroethanolic extract (EH) was prepared with 10 mg of L. pacari leaves and
30 mL of ethanol. The samples were extracted for 8 days and the extract obtained was filtered
and stored in separate amber glasses for daily use (30 glasses) in order to reduce
contamination during the experimental period. At the time of the gavage, the extract was
dissolved in doubly distilled water. The choice of the hydroethanolic extract was because this
method is closer to the form used by rural communities that already use the plant for

ingestion. The lyophilization of the extract wasn’t performed due to the same reason.

Animals

In order to carry out the experiments, male mice of the SWISS lineage of
approximately 4 weeks (n = 36 animals) were obtained from the Department of Biochemistry
and Molecular Pharmacology of the Biological Sciences Institute (ICB) of the Federal
University of Minas Gerais (UFMG). The mice were kept in the vivarium of the Center for
Biological Sciences and Health of Unimontes. The mice were submitted to an initial
adaptation phase for a period of 10 days under suitable conditions of temperature [22 + 2°C],
relative humidity of 60 + 5%, 12h of light / dark cycles and fed with Purina-Labina® diet®.

The animals were further divided into 6 experimental groups.

Induction of obesity

At approximately 5 weeks of age, the animals were divided into 2 major groups: 1 —
High-fat Diet (HFD) (N = 18) and 2 - Standard Diet (STD) (N = 18). The HFD group will
receive a diet rich in fat (36.59% carbohydrates, 12.88% proteins and 50.53% lipids), and the
STD group will receive ration (Purina-Labina®) containing 50.3% carbohydrates , 41.9%
protein and 7.8% fat. The diets were administered ad libitum throughout the experimental
period, and after 8 weeks of induction of theinduction of obesity, the animals of each group

were divided into 3 new groups, which were treated by gavage daily for 30 days with



hydroethanolic extract of Lafoensia pacari, suspended plant in double distilled water and a

standard group with vehicle (water + ethanol) for control.

Euthanasia and collection of materials

The animals were killed by guillotine decapitation, where samples of blood, and
liver were collected, weighed and immediately frozen in liquid nitrogen and then transferred

to freezer at -80°C.

Biochemical parameters

The serum was obtained after blood centrifugation (3000 rpm for 10 minutes at 4°C).
The following parameters were assessed: total cholesterol (TC), high-density lipoprotein
(HDL), low-density lipoprotein cholesterol (LDL-cholesterol) and very-low density
lipoprotein cholesterol (VLDL-cholesterol), triglycerides (TG), albumin, creatinine and the
alanine transaminases (AST/GOT) and aspartate (ALT/GPT) transferase using enzymatic kits
(Wiener Laboratories, Rosario, Argentina). The measurements were performed on a Wiener

BT-3000 plus Chemistry Analyzer (Wiener Laboratories, Rosario, Argentina).

Histology

Liver samples were fixed in 10% formaldehyde solution. Subsequently, the samples
were dehydrated in ethyl alcohol, diaphanized in xylol and included in paraffin. The tissues
sections (5 um) were examined using an optical microscope where images were captured with
the Evolution LC color light camera (Media Cybernetics®, USA) after staining with
hematoxylin and eosin (H&E).

Data analysis

The statistical analysis was performed in the GraphPad Prism software (version 5.0®,
San Diego, California, USA), with 95% (p<0.05) confidence. Data was given as mean *
Standard error (SE). The normality was verified by Shapiro Wilk test. The statistical

significance of the values for the different groups were estimated by one-way ANOVA and



one-way ANOVA (plasma glucose and body weight), followed by the post-Turkey multiple-

comparison test.

RESULTS

Phytochemical profile

The qualitative evaluation of metabolites for different vegetative parts is
summarized in table 1. A lighter amount of phenolic compounds and flavonoids distributed in
the stem, branches and leaves were found, especially in the branches. The presence of
alkaloids was confirmed in the different vegetative parts with moderate level degree.
Regarding the saponins, its presence was also verified between the vegetative parts tested,
observing the foam increase depending on the extract concentration (Table 2).

Table 1. Phytochemical profile

Class Test Leaf Stalk Branch
Alkaloids Mayer - - -
Dragendorff ++ + -
Bertrand - +++ ++
Bouchadart - - -
Phenolic Compounds Ferric Chloride T4+ +++ 4+
Sodium hydroxide +++ ++ ++
Flavonoids
Ferric Chloride +++ ++ 4+
Sodium hydroxide ++ +++ 4+
Ferric Chloride +++ ++ +++
Flavonoids Sodium hydroxide ++ -+ ++

(-) Negative, (+) Weak positive, (++) Moderate positive, (+++) Strong positive.

Table 2. Qualitative test of saponins.

H.O Extract Leaves Stalk Branch
5 - -
4 1 + + ++
3 2 ++ + ++
2 3 ++ ++ +++
1 4 +++ +++ +++
- 5 +++ +++ +++

(-) Negative, (+) Weak positive, (++) Moderate positive, (+++) Strong positive.



Biochemical results

Regarding body weight, there was no statistically significant difference between the
groups analyzed (Figure 1A). The plant and plant extract did exert positive effects in the
glucose levels. The animals fed a standard diet and treated with the plant and/or extract
presented increased glucose levels (STD + PL /STD + HE) (STD + PL, 152.0 + 4.88 vs STD
+ HE, 134.3 £ 6.69) (Figure 1B). However, in the HFD-fed mice, the animals that received
only the plant (HFD + PL) had a decrease in glucose levels as compared to the extract (HFD +
HE) (HFD + PL, 54.0 + 3.0 vs HFD + HE, 113.3 £ 21.23).

The animals that received the extract (HE) and the plant (PL) had higher levels of
albumin in the two diets (standard and HFD) (STD + VE, 1.56 £ 0.18 vs DST + LP, 3.12 +
047 vs DST + HE, 3.17 £ 0.12). The increase in albumin was more significant in the
animals that received the plant extract (Figure 1C).

Animals receiving a standard diet and the hydroethanolic extract presented high
levels of plasma GPT as compared to the vehicle (STD + HE, 78.50 + 5.69 vs STD + VE,
37.0 £ 2.97) (Figure 1D).

As for total cholesterol, the animals fed a standard diet that received the suspended
plant and the extract displayed increased levels as compared to the vehicle (STD + PL, 123.7
+11.7vs STD + VE, 41.0 £ 1.58) (STD + HE, 126.0 + 5.50 vs STD + VE, 41.0 + 1.58). The
high-fat fed animals treated with the extract showed increased cholesterol levels (HFD + VE,
60.0 £ 5.03 vs HFD + HE, 102.3 + 8.09) (HFD + PL, 55.5 + 6.60 vs HFD + HE, 102.3 + 8.09)
(Figure 1E).

Regarding the HDL serum levels, the standard and high-fat diet fed mice treated
with the L. pacari extract presented increased levels as compared to vehicle (STD + VE, 32.5
+4.26 vs STD + PL, 88.9 + 7.59 vs STD + HE, 82.9 + 5.61) (HFD + VE, 44.0 £ 5.27 vs HFD
+PL, 38.3+4.75vs HFD + HE, 72.7 + 5.77) (Figure 1F)

There were no significant differences between the levels of creatinine, GOT and
triglycerides (Figure 1G - 11).



Figure 1:
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Figure 1. Body weight and biochemical profile A) Body weight (g); B) Fasting serum
glucose (mg/dL); C) Albumin (g/dL); D) Glutamic pyruvic transaminase (GPT/u/L); E)
Serum total cholesterol (mg/dL); F) Serum high-density lipoprotein (mg/dL); G)Creatinin
(mg/dL); H) Glutamic-oxalacetic transaminase (GOT — u/L)); I) Serum triglycerides (mg/dL);
* p < 0.05 versus indicated groups by the bars.High-fat diet and vehicle (HFD+VE); High-fat
diet and hidroetanolic extract (HFD+HE); High-fat diet and plant leaves (HFD+PL); Standard
dietand vehicle (STD+VE); Standard diet and hidroetanolic extract (STD+HE); Standard diet
and plant leaves (STD+PL).* p < 0.05 versus indicated groups by the bars.**p<0.01

***p<0.001.
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From the hepatocytes analysis, it was possible to observe that the animals that
received a high-fat diet and the plant (PL) had larger hepatocytes as compared to the others.

No significant differences were observed among the standard-fed animals (Figure 2).

Figure 2:
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Figure 2: Area of hepatocytes. High-fat diet and vehicle (HFD+VE); High-fat diet and
hidroetanolic extract (HFD+HE); High-fat diet and plant leafs (HFD+PL); Standard dietand

vehicle (STD+VE); Standard diet and hidroetanolic extract (STD+HE); Standard diet and
plant leafs (STD+PL).* p < 0.05 versus indicated groups by the bars.**p<0.01 ***p<0.001.

Interestingly, the histological analysis displayed that the animals treated with the

extract or the plant presented a greater amount of tissue necrosis (Figure 3).



Figure 3:
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Figure 4: Histological analysis. High-fat diet and vehicle (HFD+VE); High-fat diet and
hidroetanolic extract (HFD+HE); High-fat diet and plant leafs (HFD+PL); Standard dietand
vehicle (STD+VE); Standard diet and hidroetanolic extract (STD+HE); Standard diet and
plant leafs (STD+PL).

Discussion

There is an increase in the use of medicinal plants and herbs due to their low cost,
high availability and minimal risk of side effects compared to allopathic medicines. In this
context, the therapeutic activities of the plants of the Cerrado stand out for the high
biodiversity, possessing an extensive range of raw materials and bioactive molecules to be
explored.

The alternative of the use of popular plants as therapeutic resources has encouraged
several researchers to follow a line of study based on popular culture, being the Cerrado
region an option for new discoveries, with this, we chose a plant of popular culture and that
has few metabolism studies.

Phytochemical analyzes of L. pacari showed metabolites such as saponins,
flavonoids and phenolic compounds. Studies by Galdino (12) showed that, in addition to
these, this plant species presents the presence of tannins, triterpenes, flavonoids, steroids and



alkaloids. In addition, phytochemical differences between the bark, leaves and branches were
not found.

In the present study, an increase in the serum glucose levels of the animals that
received the high fat diet and the plant was observed, there was an increase also in the animals
that received the standard diet and only the plant, this suggests that the plant should not be
used in treatment for diabetes until further studies are performed. The same was observed for
albumin levels, which were increased in HE-treated mice. Albumin is a protein produced by
the liver and has the function of transporting molecules, such as fatty acids, also represents
most of the protein's plasma content and is responsible for blood osmorality. There were also
changes in the serum levels of GPT that were increased in the animals that received the
treatment with HE. Such increase may have been caused by the existence of ethanol in the
extract composition, further experiments are required to evaluate the influence of the extract
on GPT.

In total cholesterol, there was a significant increase in the animals that made use of
the plant, both as an extract and in the form of decoction. Such increase may be related to the
presence of phytosterols, necessitating a more specific study for the steroid quantification that
the plant possesses. Differences were also observed in serum HDL levels in the extracts
treated mice. These differences may be related to phenolic compounds that are abundant in
the plant. HDL acts in the reverse transport of cholesterol and has antioxidant, anti-
inflammatory, fibrinolytic and endothelial protection functions (13).

In the analyzes of body weight and creatinine there were no significant statistical
differences, creatinine is a marker of renal irregularities, when very high may indicate renal
failure. Statistically significant results were not found in the triglycerides and GOT analysis.
Triglycerides is a fatty acid that acts as a reserve of energy in the body, when not used, it can
be stored as fat form in adipose tissue. High serum triglyceride levels may indicate possible
development of coronary heart disease. GOT is an enzyme that markers for liver and muscle
damage, as there was no alteration of the GOT but there was GPT, more studies are necessary
to explain the alteration of one data and not change of another.

Macroscopic analysis of the liver indicated alterations in tissue morphology of the
animals that received the high fat diet and were treated with the extract, fraction and animals
treated with the decoction. It is emphasized that one animal of the HFD + HE group presented
polyps, and one of the HFD + PL animals presented a tumor in the hepatic region.

Histological analysis was also observed. These changes were histologically verified, in which



focal necrosis (characterized by fields with absence of nucleus) and hydropic degeneration
were observed, characterizing toxicity. In the study of Da Cruz (14), using higher doses of L.
pacari, and the same dosage (10mg / kg) and animal model for the extract, no toxic effects
were observed in the 28 day period in macroscopic, biochemical and hematological. The
differences for these results can be attributed to the amount of animals used in the study (3
animals per dose to be tested), the toxicity analysis method (OECD vs. planting time) and the
use of dry extract (lyophilized).

Based on these findings, it is important to continue the studies on the toxicity of the
plant in the metabolism in vivo, because in some communities oral intake of this species is
performed. As there were divergent results regarding biochemical parameters, further studies

are required for the safe and effective use of L. pacari.
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4. CONCLUSOES

Avaliamos no presente estudo os efeitos da Lafoensia pacari no metabolismo de
camundongos com obesidade induzida por dieta. Os principais resultados demonstraram que o
extrato desta espécie parece ser toxico para os animais, alertando entdo para precaucdo do
consumo oral da mesma. Mais estudos devem ser realizados afim de se comparar os efeitos
das diferentes partes da planta, e estabelecer os 6rgdos mais ricos em compostos terapéuticos
que culminam em menor prejuizo para a planta quando extraidos. Atualmente, existem
poucos estudos que comprovem a seguranca da L. pacarino metabolismo ou na utilizacao in

vivo, portanto estudos adicionais sao encorajados.
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é Esta autorizacao permite coleta/transporte botanico de sementes, folhas e ramos das espécies citadas na tabela
OBSERVACOES de eshmat.lva c}e c?leta. ; 5
: Esta autorizagao nao permite coleta de espeécies ameagadas.
Esta autorizacao permite até cinco (05) integrantes da equipe a cada campanha. ‘

| LOCAL DA ATIVIDADE - EM UNIDADE DE CONSERVACAO.ESTADUAL

Unidade de Responsavel Contato 7 Assinatura do
Conservacao pela UC | (Telefone e e-mail) Endorego da HC Responsavel pela UC
Assinatura do responsavel pela Autorizagao Numero do Processo SIGED/SIPRO - IEF/DFAU/GPROP
Janaina A7 B. Agv!m" S1aEd
Gerente de Projetos e Pesquisas dolE}
Masp: 1131566-0
00000241 2101 2018

Cidade Administrativa Tancredo Neves, Edificio Minas - Geréncia de Projetos e Pesquisas - 1° ana
Rodovia Jodo Paulo Il, 4143, Bairro Serra Verde - CEP 31630-900
Telefones: (31) 3915-1326 E-mail: pesquisa.gprop@meioambiente mg.go.
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GOVERNO DO ESTADO DE MINAS GERAIS \
SECRETARIA DE ESTADO DE MEIO AMBIENTE E DESENVOLVIMENTO SUSTENTAVEL
INSTITUTO ESTADUAL DE FLORESTAS

DIRETORIA DE PROTEGAO A FAUNA

GERENCIA DE PROJETOS E PESQUISAS

Refugio de Vi d ! ilé 2gm
Re gio de Vida Nelton Vidna 3 . (38) 3§Zl 010() BR 479, Ylla da CEMIG, S/n '
Silvestre Estadual Nk neilton.viana@meioambiente.mg.gov.b Distrito de Pandeiros.
do Rio Pandeiros T S CEP: 39.490-000
38) 3625-6222

Altenfelder b e

APA Estadual do Ma:;i;;d: (38) 3625-6205 Rua Joaquim Borges Monteiro n° 180
Rio Pandeiros S altenfelder.fonseca@meioambiente.mg | - Bonito de Minas CEP: 39.490-000
X .gov.br

Esta autorizacao sera vélida apenas com a autenticagao do responsavel pela(s) Unidade(s) de Conservagao.

LOCAL DA ATIVIDADE - FORA DE UNIDADE DE CONSERVACAO ESTADUAL (apenas para material botanico)
Municipio(s) I Nao se aplica

TRANSPORTE - DESTINO DO MATERIAL COLETADO
Instituicao(oes) | ICA-UFMG
Endereco(s) Montes Claros - MG

Outras Observagoes e Ressalvas: \

1. Esta autorizacao nao exime o pesquisador titular e os membros de sua equipe da necessidade de obter as anuéncias previstas em outros instrumentos
legais, bem como do consentimento do responsavel pela area, piiblica ou privada, onde sera realizada a atividade, inclusive do 6rgao gestor de terra
indigena, da unidade de conservagao federal, distrital ou municipal, ou do-proprietario, arrendatdrio, posseiro ou morador de area dentro dos limites de
unidade de conservacao estadual cujo processo de regularizagao fundiaria encontra-se em curso;

2. 0O pesquisador titular devera contatar a administracao dessa unidade a fim de CONFIRMAR AS DATAS das expedicoes, as condigoes para realizacao
das coletas e de uso da infraestrutura da unidade de conservagao, quando for o caso;

3. O Instituto Estadual de Florestas nao se responsabiliza por qualquer dano a equipamentos, acidentes ou lesoes fisicas ou psiquicas, estando ainda, 0

| pesquisador responsavel e sua equipe ciente da vulnerabilidade da drea de realizacao da pesquisa;

4. O material biologico coletado devera ser utilizado para atividades cientificas ou didaticas no ambito do ensino superior. ’

5. 0O titular da autorizacao e 0s membros de sua equipe deverao optar por métodos de coleta e instrumentos de captura direcionados, sempre que
possivel a0 grupo taxonomico de interesse, evitando a morte ou dano significativo a outros grupos e empregar esforcos de coleta ou captura que nao
comprometa a viabilidade de populagoes do grupo taxonomico de interesse em condicoes in sitt, quando for 0 caso;

6. Esta autorizacao ndo permite captura/coleta/ transporte:

para fins comerciais, industriais ou esportivos;

para realizacao de atividades integrantes do processo de licenciamento ambiental de empreendimentos, conforme resolugao do CONAMA de n® 237
de 19/12/97, salvo quando especificado; §

de espécies ameagadas de extingao em lista oficial federal, salvo quando constante de projeto especifico autorizado pelo SISBIO;

« de espécies ameagadas de extingao em lista oficial estadual, salvo quando constante de projeto especifico autorizado pelo IEF;

de fauna e flora em areas de dominio privado, sem 0 consentimento expresso ou tacito do proprietdrio nos termos do Codigo Civil;

7. Esta autorizacao nao permite transporte interestadual e internacional de material biologico;

8. Esta autorizagao nao dispensa o cumprimento da legislacao que dispoe sobre 0 acesso ao patrimonio genético, sobre a protecao e 0 acesso a0
conhecimento tradicional associado e sobre a reparticao de heneficios para conservagao e uso sustentavel da biodiversidade. Veja maiores informacoes
em www.mma.gov.br;

3. O titular desta autorizagao, assim como os membros de sua equipe, quando da violacao da legislacao vigente, ou quando da inadequagao, omissao ou
falsa descricao de informagoes relevantes que subsidiaram a expedicao do ato, podera, mediante decisao motivada, ter a autorizagao suspensa ou
revogada pelo IEF e o material biologico coletado apreendido nos termos da legislagao em vigor; - !

10. O responsavel poderd, durante a validade desta autorizagao e conforme Termo de Compromisso firmado, solicitar a Geréncia de Projeto e Pesquisas
do IEF Renovagao, Cancelamento ou Conclusao, conforme instrucoes no site do TEF (http:/ /www.ief.mg.gov.br/ biodiversidade/ pesquisa-cientifica);
11. Esta autorizacao ¢ valida somente sem emendas ou rasuras e exclusivamente no estado de Minas Gerais;

12. O pesquisador devera estar sempre acompanhado desta autorizagao para apresentd-la as autoridades, quando solicitado.

Assinatura do responsavel pela-utorizacao Ntamero do Processo SIGED/SIPRO - IEF/DFAU/GPROP

3, Aguias
Gerente defrojetose Pesquisas 40 I
Masp: 1131 566-0

/ Cidade Administrativa Tancredo Neves, Edificio Minas - Geréncia de Projetos e Pesquisas - 1° andar - Mesas. 01-248 e 01-250
a Rodovia Joo Paulo Il, 4143, Bairro Serra Verde - CEP 31630-900
Telefones: (31) 3915-1326 E-mail: pesq uisa.gorop@meioambiente ma gov.br
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ANEXO B - SISTEMA NACIONAL DE GESTAO DO PATRIMONIO GENETICO E DO
CONHECIMENTO TRADICIONAL ASSOCIADO — SISGEN

Ministério do Meio Ambiente
CONSELHO DE GESTAO DO PATRIMONIO GENETICO
SISTEMA NACIONAL DE GESTAO DO PATRIMONIO GENETICO E DO CONHECIMENTO TRADICIONAL ASSOCIADO
Comprovante de Cadastro de Acesso
Cadastro n2 A6B40FC

A atividade de acesso ao Patrimonio Genético/CTA, nos termos abaixo resumida, foi cadastrada no
SisGen, em atendimento ao previsto na Lei n® 13.123/2015 e seus regulamentos.

Numero do cadastro: A6B40FC

Usuario: Universidade Federal de Minas Gerais
CPF/CNPJ: 17.217.985/0001-04

Objeto do Acesso: Patrimdnio Genético/CTA

Finalidade do Acesso: Pesquisa

Espécie

Davilla elliptica

Acosmium dasycarpum

Lafoensia pacari

Davilla elliptica, Lafoensia pacari, Acosmium dasycarpum.
Fonte do CTA

CTA de origem nao identificavel

Titulo da Atividade: Potencial Terapéutico e Farmacolégico de Espécies Vegetais Nativas da
Bacia do Rio Pandeiros no Tratamento de Doengas Metabdlicas: Incentivo a
Preservagao da Flora.

Equipe

Bruna Mara Aparecida de Carvalho UFMG

Diego Vicente da Costa UFMG



Junio Cota Silva

Igor Viana Brandi

Jodo Marcus Oliveira Andrade
Janaina Ribeiro Oliveira
Amanda Souto Machado
Deborah de Farias Lelis
Daniela Fernanda de Freitas
Daniel Silva Moraes

Luis Paulo Oliveira

Natalia Gongalves Ribeiro
Jaciara Neves Sousa

Victor Hugo Dantas Guimaraes

Fabio Ribeiro do Santos

Alfredo Mauricio Batista de Paula

André Luiz Sena Guimaraes
Daniele Cristina Moreira

Parceiras Nacionais

UFMG

UFMG

Unimontes
Unimontes
Unimontes
Unimontes
Unimontes
Unimontes
Unimontes
Unimontes
Unimontes
Unimontes
UFMG

Unimontes
Unimontes

Unimontes

22.675.359/0001-00 / Universidade Estadual de Montes Claros

Data do Cadastro:

Situagdo do Cadastro:

06/11/2018 16:17:33

Conselho de Gestédo do Patrimdnio Genético
Situagado cadastral conforme consulta ao SisGen em 15:35 de 28/12/2018.

SISTEMA NACIOMNAL DE GESTAQ

DO PATRIMONIO GEMETICO

E DO CONHECIMENTO TRADICIONAL
ASSOCIADO - SISGEN

[s]



ANEXO C - SISTEMA DE AUTORIZACAO E INFORMACAO EM BIODIVERSIDADE —
SISBIO

Ministério do Meio Ambiente - MMA

Instituto Chico Mendes de Conservacao da Biodiversidade - ICMBio
Icmi o’ Sistema de Autorizacao e Informagao em Biodiversidade - SISBIO
MMA

Comprovante de registro para coleta de material botanico, fingico e microbiolégico

I Numero: 66693-1 Data da Emissao: 06/11/2018 16:54:26 l

Dados do titular

I Nome: Sérgio Henrique Sousa Santos JCPF: 055.482.156-71 |

Observacoes e ressalvas

1 O material biolégico coletado devera ser utilizado para atividades cientificas ou didaticas no ambito do ensino superior.

2 Este documento nao abrange a coleta de vegetais hidrobios, tendo em vista que o Decreto-Lei n® 221/1967 e o Art. 36 da Lei n® 9.605/1998 a i de ob! o de

autorizagao para coleta de vegetais hidrébios para fins cientificos..

3 As atividades de campo exercidas por pessoa natural ou juridica estrangeira, em todo o territério nacional, que impliquem o deslocamento de recursos humanos e materiais, tendo por objeto

coletar dados, materiais, espécimes bioldgicos e minerais, pegas integrantes da cultura nativa e cultura popular, presente e passada, obtidos por meio de recursos e técnicas que se

destinem ao estudo, a difusao ou a pesquisa, estao sujeitas a ao do istério de Ciéncia e T gia.

4 Esse nao eximira o i da i de obter outras anuéncias, como: I) da comunidade indigena envolvida, ouvido o 6rgao indigenista oficial, quando as
atividades de pesquisa forem executadas em terra indigena; Il) do Conselho de Defesa Nacional, quando as atividades de pesquisa forem executadas em érea indispensavel a seguranca
nacional; Ill) da autoridade maritima, quando as atividades de pesquisa forem em aguas jurisdicionait ileil 1V) do Dep: Nacional da Produgéo Mineral, quando

a pesquisa visar a exploragao de depésitos fossiliferos ou a extragao de espécimes fésseis; V) do 6rgao gestor da unidade de conservagao estadual, distrital ou municipal,
dentre outra

5 Este documento n&o é valido para: a) coleta ou transporte de espécies que constem nas listas oficiais de espécies de extingao; b) 1to ou envio de material

biolégico ao exterior; e ¢) realizagao de pesquisa em unidade de conservacao federal ou em caverna.

6 Este documento nao dispensa o cumprimento da legislagdo que dispoe sobre acesso a componente do patrimdnio genético existente no territorio nacional, na plataforma continental e

na zona omi lusiva, ou ao conheci ici i ao patriménio genético, para fins de pesquisa cientifica, biop e i 6gico. Veja

maiores informagdes em www.mma.gov.br/cgen.

Taxons autorizados

# | Nivel taxondomico Taxon(s)

1 | Espécie Plantae > Angiospermae > Dicotyledoneae > Lythraceae > Lafoensia > Pacari

2 | Espécie Plantae > Magnoliophyta > Magnoliopsida > Dilleniales > Dilleniaceae > Davilla > Elliptica

3 |Espécie Plantae > Magnoliophyta > Magnoliopsida > Lamiales > Boraginaceae > Cordia > Verbenacea
4 | Espécie Plantae > Magnoliophyta > Magnoliopsida > Asterales > Asteraceae > Lychnophora > Ericoides

Este documento foi expedido com base na Instrugao Normativa n° 03/2014. Através do cddigo de autenticacdo abaixo, qualquer cidadao
podera verificar a autenticidade ou regularidade deste documento, por meio da pagina do Sisbio/ICMBio na Internet (www.icmbio.gov.br/sisbio).
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Ministério do Meio Ambiente - MMA

p Instituto Chico Mendes de Conservacéo da Biodiversidade - ICMBio
Icmid Sistema de Autorizacao e Informacao em Biodiversidade - SISBIO
MMA

Comprovante de registro para coleta de material botanico, fingico e microbioldgico

| Numero: 66693-1 Data da Emisséo: 06/11/2018 16:54:26

Dados do titular

| Nome: Sérgio Henrique Sousa Santos CPF: 055.482.156-71

Registro de coleta imprevista de material biolégico

De acordo com a Instrugdo Normativa n°03/2014, a coleta imprevista de material biol6gico ou de substrato nao contemplado

na autorizagdo ou na licenga permanente deverad ser anotada na mesma, em campo especifico, por ocasido da coleta,
devendo esta coleta imprevista ser comunicada por meio do relatério de atividades. O transporte do material biolégico ou do
substrato devera ser acompanhado da autorizagé@o ou da licenga permanente com a devida anotagdo. O material biol6gico
coletado de forma imprevista, devera ser destinado a instituicao cientifica e, depositado, preferencialmente, em colegao
biolégica cientifica registrada no Cadastro Nacional de Colegdes Biolégicas (CCBIO).

Taxon* Qtde. Tipo de Amostra Qtde. Data

* Identificar o espécime do nivel taxonémico possivel.

Este documento foi expedido com base na Instrugao Normativa n® 03/2014. Através do cédigo de autenticagcao abaixo, qualquer cidadao
podera verificar a autenticidade ou regularidade deste documento, por meio da pagina do Sisbio/I[CMBio na Internet (www.icmbio.gov.br/sisbio).
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ANEXO D — Normas para a publicacdo no periddico Life Sciences

LIFE SCIENCES

DESCRIPTION

Life Sciences is an international journal publishing articles that emphasize the molecular,
cellular, and functional basis of therapy. The journal emphasizes the understanding of
mechanism that is relevant to all aspects of human disease and translation to patients. All
articles are rigorously reviewed.

The Journal favors publication of full-length papers where modern scientific technologies are
used to explain molecular, cellular and physiological mechanisms. Articles that merely
report observations are rarely accepted. Recommendations from the Declaration of Helsinki
or NIH guidelines for care and use of laboratory animals must be adhered to. Articles should
be written at a level accessible to readers who are non-specialists in the topic of the article
themselves, but who are interested in the research. The Journal welcomes reviews on topics of
wide interest to investigators in the life sciences. We particularly encourage submission of
brief, focused reviews containing high- quality artwork and require the use of mechanistic
summary diagrams.

Manuscripts should present novel preclinical findings addressing questions of biological
significance to human disease. Studies that fail to do so may be rejected without review.
Quantitative conclusions must be based on truly quantitative methods. Life Sciences does not
publish work on the actions of biological extracts of unknown chemical composition.
Compounds studied must be of known chemical structure and concentration. The study must
be reproducible; materials used must be available to other researchers so they can repeat the
experiment. Clinical studies may be considered if they expand understanding of mechanism,
but the journal does not encourage clinical trial reports.

Four common reasons for rejection include: out of scope (the manuscript does not conform to
the goal of identification of mechanisms related to therapy for human disease); too
preliminary (manuscript is based on a limited amount of experimental data diminishing
significance); lack of novelty (manuscript is well done but does not address a significant
question); unidentified structure (actions of biological extracts of unknown chemical
composition).

EDITORIAL BOARD

Editor-in-Chief:

L.E. Wold, College of Nursing, Department of Physiology and Cell Biology, DHLRI, The
Ohio State University, 473 W. 12th Avenue, Columbus, Ohio, OH 43210, USA

Managing Editor:

C. Kisthardt, Tucson, Arizona, USA

Statistics Editor

L. A. Szalacha, Ohio State University, Columbus, Ohio, USA

Associate Editors:

K.D. Beck, Newark, New Jersey, USA



B.J. Biesiadecki, Columbus, Ohio, USA

F. del Monte, Charleston, South Carolina, USA
F. Gao, Xi’an, China

L.H. Rogers, Columbus, Ohio, USA

F. Sheikh, La Jolla, California, USA

K.I. Stanford, Columbus, Ohio, USA

M. Velten, PD, Bonn, Germany

A. Zanesco, Rio Claro (SP), Brazil

Editorial Advisory Board:

E. Antunes, Campinas (SP), Brazil

J.W. Calvert, Atlanta, Georgia, USA

K. Campbell, Lexington, Kentucky, USA

S. Campbell, New Haven, Connecticut, USA
M. Canis, Gottingen, Germany

C. Carnes, Columbus, Ohio, USA

J.C. Chatham, Birmingham, Alabama, USA
Z. Chen, Duarte, California, USA

J.T. Cheng, Tainan, Taiwan

B. Colson, Tucson, Arizona, USA

J.M. Daniel, New Orleans, Louisiana, USA
A.J. Davidoff, Biddeford, Maine, USA

G. de Nucci, Séo Paulo, , Brazil

G. Ertl, Wirzburg, Germany

F Ferguson, Phoenix, , Arizona, USA

A.V. Gomes, Davis, California, USA

G. Haddad, Washington, Washington, USA
J. Heller Brown, La Jolla, California, USA
R.N. Kitsis, Bronx, New York, USA

R.A. Kloner, Los Angeles, California, USA
S. Lange, La Jolla, California, USA

M. Li, Orangeburg, New York, USA

R. Liao, Boston, Massachusetts, USA

G. Mattace Raso, Napoli NA, Italy

U. Mende, Providence, Rhode Island, USA
L. Nelin, Columbus, Ohio, USA

T.R. Nurkiewicz, Morgantown, West Virginia, USA
N. Paolocci, Baltimore, Maryland, USA

J. Privratsky, Durham, North Carolina, USA
N. Purcell, La Jolla, California, USA

J.R. Richardson, Rootstown, Ohio, USA

M. Robbins, Chicago, Illinois, USA

K. Singh, Johnson City, Tennessee, USA

S. Takasawa, Kashihara, Nara, Japan

B. Tanner, Pullman, Washington, USA

T. Tipple, Birmingham, Alabama, USA

N. Weisleder, Columbus, Ohio, USA

C. Wingard, Louisville, , Kentucky, USA

Q. Zhang, lowa City, lowa, USA

M. Ziolo, Columbus, Ohio, USA



GUIDE FOR AUTHORS

Your Paper Your Way

We now differentiate between the requirements for new and revised submissions. You may
choose to submit your manuscript as a single Word or PDF file to be used in the refereeing
process. Only when your paper is at the revision stage, will you be requested to put your
paper in to a 'correct format' for acceptance and provide the items required for the publication
of your article.

To find out more, please visit the Preparation section below.

INTRODUCTION

Life Sciences is an international journal publishing articles that emphasize the molecular,
cellular, and functional basis of therapy. All articles are rigorously reviewed. The Journal
favors publication of full-length papers where modern scientific technologies are used to
explain molecular, cellular and physiological mechanisms. Articles that merely report
observations are rarely accepted. Articles should be written at a level accessible to readers
who are non-specialists in the topic of the article themselves, but who are interested in the
research.

The Journal welcomes reviews on topics of wide interest to investigators in the life sciences.
We particularly encourage submission of focused reviews containing high-quality artwork
and mechanistic diagrams.

IMPORTANT INFORMATION

» Submission of a paper will be held to imply that the manuscript contains original
unpublished work and is not being submitted for publication elsewhere.

» Manuscripts should present novel findings addressing significant biological questions.
Studies that fail to do so may be rejected without review.

« Quantitative conclusions must be based on truly quantitative methods.

« Life Sciences does not publish work on the actions of biological extracts of unknown
chemical composition. Compounds studied must be of known chemical structure and
concentration.

* The study must be reproducible; materials used must be available to other researchers so
they can repeat the experiment.

For more details on how to write a world class paper, please visit our Pharmacology Author
Resources page.

Please include word count and figure/table count on the cover page of your manuscript.
Authors are encouraged to submit video material or animation sequences to support and
enhance your scientific research. For more information please see the paragraph on video data
below.

Types of article

« Original research articles

* Reviews

Submission checklist

You can use this list to carry out a final check of your submission before you send it to the
journal for review. Please check the relevant section in this Guide for Authors for more
details.



Ensure that the following items are present:

One author has been designated as the corresponding author with contact details:
* E-mail address

* Full postal address

All necessary files have been uploaded:

Manuscript:

* Include keywords

» All figures (include relevant captions)

« All tables (including titles, description, footnotes)

« Ensure all figure and table citations in the text match the files provided

« Indicate clearly if color should be used for any figures in print Graphical Abstracts /
Highlights files (where applicable) Supplemental files (where applicable)

Further considerations

« Manuscript has been 'spell checked' and ‘grammar checked'

» All references mentioned in the Reference List are cited in the text, and vice versa

* Permission has been obtained for use of copyrighted material from other sources (including
the Internet)

* A competing interests statement is provided, even if the authors have no competing interests
to declare

« Journal policies detailed in this guide have been reviewed

« Referee suggestions and contact details provided, based on journal requirements

For further information, visit our Support Center.
BEFORE YOU BEGIN

Ethics in publishing
Please see our information pages on Ethics in publishing and Ethical guidelines for journal
publication.

Studies in humans and animals

If the work involves the use of human subjects, the author should ensure that the work
described has been carried out in accordance with The Code of Ethics of the World Medical
Association (Declaration of Helsinki) for experiments involving humans. The manuscript
should be in line with the Recommendations for the Conduct, Reporting, Editing and
Publication of Scholarly Work in Medical Journals and aim for the inclusion of representative
human populations (sex, age and ethnicity) as per those recommendations. The terms sex and
gender should be used correctly.

Authors should include a statement in the manuscript that informed consent was obtained for
experimentation with human subjects. The privacy rights of human subjects must always be
observed.

All animal experiments should comply with the ARRIVE guidelines and should be carried out
in accordance with the U.K. Animals (Scientific Procedures) Act, 1986 and associated
guidelines, EU Directive 2010/63/EU for animal experiments, or the National Institutes of
Health guide for the care and use of Laboratory animals (NIH Publications No. 8023, revised
1978) and the authors should clearly indicate in the manuscript that such guidelines have been



followed. The sex of animals must be indicated, and where appropriate, the influence (or
association) of sex on the results of the study.

Conflict of Interest Policy

The Journal requires full disclosure of all potential conflicts of interest. At the end of the
manuscript text, under a subheading "Conflict of Interest statement", all authors must disclose
any financial and personal relationships with other people or organisations that could
inappropriately influence (bias) their work. If there are no conflicts of interest, the authors
should state: "The authors declare that there are no conflicts of interest.” See also
http://lwww.elsevier.com/conflictsofinterest. A signed Conflict of Interests Policy Form is
required upon submission. The corresponding author is responsible for completing the form,
and signing it on behalf of all authors.

Submission declaration and verification

Submission of an article implies that the work described has not been published previously
(except in the form of an abstract, a published lecture or academic thesis, see 'Multiple,
redundant or concurrent publication' for more information), that it is not under consideration
for publication elsewhere, that its publication is approved by all authors and tacitly or
explicitly by the responsible authorities where the work was carried out, and that, if accepted,
it will not be published elsewhere in the same form, in English or in any other language,
including electronically without the written consent of the copyright- holder. To verify
originality, your article may be checked by the originality detection service Crossref
Similarity Check.

Use of inclusive language

Inclusive language acknowledges diversity, conveys respect to all people, is sensitive to
differences, and promotes equal opportunities. Articles should make no assumptions about the
beliefs or commitments of any reader, should contain nothing which might imply that one
individual is superior to another on the grounds of race, sex, culture or any other
characteristic, and should use inclusive language throughout. Authors should ensure that
writing is free from bias, for instance by using 'he or she’, 'his/her' instead of 'he' or 'his', and
by making use of job titles that are free of stereotyping (e.g. ‘chairperson’ instead of ‘chairman’
and 'flight attendant' instead of 'stewardess).

Author contributions

For transparency, we encourage authors to submit an author statement file outlining their
individual contributions to the paper using the relevant CRediT roles: Conceptualization; Data
curation; Formal analysis; Funding acquisition; Investigation; Methodology; Project
administration; Resources; Software; Supervision; Validation; Visualization; Roles/Writing -
original draft; Writing - review & editing. Authorship statements should be formatted with the
names of authors first and CRediT role(s) following. More details and an example

Authorship

All authors listed on your paper must have made significant contributions to the study. To
ensure clarity, you are required upon submission to enter the specific details of each author's
contribution, which must substantiate the inclusion of each person on the manuscript. This
information is required to be filled in on the Conflict of Interests Policy and Author Statement
Form.


http://www.elsevier.com/conflictsofinterest
http://www.elsevier.com/conflictsofinterest

Changes to authorship

Authors are expected to consider carefully the list and order of authors before submitting their
manuscript and provide the definitive list of authors at the time of the original submission.
Any addition, deletion or rearrangement of author names in the authorship list should be made
only before the manuscript has been accepted and only if approved by the journal Editor. To
request such a change, the Editor must receive the following from the corresponding author:
(a) the reason for the change in author list and (b) written confirmation (e-mail, letter) from all
authors that they agree with the addition, removal or rearrangement. In the case of addition or
removal of authors, this includes confirmation from the author being added or removed.

Only in exceptional circumstances will the Editor consider the addition, deletion or
rearrangement of authors after the manuscript has been accepted. While the Editor considers
the request, publication of the manuscript will be suspended. If the manuscript has already
been published in an online issue, any requests approved by the Editor will result in a
corrigendum.

Copyright

Upon acceptance of an article, authors will be asked to complete a ‘Journal Publishing
Agreement’ (see more information on this). An e-mail will be sent to the corresponding author
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