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Abstract

Previous studies have shown that the clove essential oil concentration of 200 mg/kg did not present toxicity and
histopathological changes in the liver. Based on the evidence presented in this study, we decided to evaluate in vivo
the ability of a previously developed fermented dairy beverage, tested only in vitro, in which the standard chemical
preservative, potassium sorbate, was replaced by clove essential oil (2 pul/ml), to be a functional food. To this end,
twenty-four male Swiss mice were divided into three groups and submitted insulin sensitivity (IST) and glucose
tolerance (GTT) testing, evaluation of physiological and biochemical parameters, histopathological analysis and
quantification of the expression of anti-inflammatory and pro-inflammatory cytokines in the liver, after administering
daily of the fermented dairy beverage with or without clove essential oil by gavage during 30 days. The group that
received the fermented dairy beverage with clove essential oil showed a lower glycemic level in GTT, a higher
sensitivity to insulin and a higher glucose decay constant rate (Kitt), with relation to the other groups. In the
evaluation of physiological parameters there were no signs of toxicity in the mice during the experimental period. The
biochemical parameters, histopathological analysis and expression of anti-inflammatory (IL-10) and pro-inflammatory
(IL1B, IL6 e TNFa) cytokines in the liver of the mice, was not significantly affected by the treatment. These results
corroborated by bioinformatics analysis demonstrate that the fermented dairy beverage with clove essential oil it can
function as a substitute for conventional chemical preservatives and reduce glycemic levels.

Keywords: Syzygium aromaticum; Glucose tolerance; Insulin sensitivity; Cytokines; Hepatotoxicity.

Resumo

Estudos anteriores demonstraram que o 6leo essencial de cravo da india na concentracdo de 200 mg/kg néo apresentou
toxicidade e alteragdes histopatoldgicas no figado. Com base nas evidéncias apresentadas neste estudo, decidimos
avaliar in vivo a capacidade de uma bebida l4ctea fermentada desenvolvida e testada anteriormente apenas in vitro, na
qual o conservante quimico padréo, sorbato de potassio, foi substituido por éleo essencial de cravo (2 ul / ml), para ser
um alimento funcional. Para isso, vinte e quatro camundongos Swiss machos foram divididos em trés grupos e
submetidos a testes de sensibilidade a insulina (TSI) e tolerancia a glicose (TTG), avaliagdo de parametros
fisioldgicos e bioquimicos, andlise histopatoldgica e quantificacdo da expressao de antiinflamatdrios e pro-citocinas
inflamatorias no figado, ap6s administracéo diaria da bebida lactea fermentada com ou sem 6leo essencial de cravo da
india por gavagem durante 30 dias. O grupo que recebeu a bebida lactea fermentada com esse 6leo essencial
apresentou menor nivel glicémico no TTG, maior sensibilidade a insulina e maior taxa constante de decaimento da
glicose (Kitt), em relagcdo aos demais grupos. Na avaliacdo dos parametros fisioloégicos ndo houve indicios de
toxicidade nos camundongos durante o periodo experimental. Os pardmetros bioquimicos, a anlise histopatoldgica e
a expressdao das citocinas antiinflamatérias (IL-10) e pré-inflamatérias (IL1B, IL6 e TNFa) no figado dos
camundongos ndo foram significativamente afetados pelo tratamento. Esses resultados corroborados por anélises de
bioinforméatica demonstram que a bebida lactea fermentada com 6leo essencial de cravo da india pode funcionar como
substituto dos conservantes quimicos convencionais e reduzir os niveis glicémicos.

Palavras-chave: Syzygium aromaticum; Tolerancia a glicose; Sensibilidade a insulina; Citocinas; Hepatotoxicidade.

Resumen

Estudios previos han demostrado que la concentracion de aceite esencial de clavo de 200 mg / kg no presenta
toxicidad y cambios histopatolégicos en el higado. Con base en la evidencia encontrada en este estudio, decidimos
evaluar in vivo la capacidad de una bebida lactea fermentada desarrollada previamente, probada solo in vitro, en la
que el conservante quimico estandar, sorbato de potasio, fue reemplazado por aceite esencial de clavo (2 ul / ml), para
ser un alimento funcional. Con este fin, veinticuatro ratones suizos se dividieron en tres grupos y se sometieron a
pruebas de sensibilidad a la insulina (ITS) y tolerancia a la glucosa (GTT), evaluacion de parametros fisiolégicos y
bioguimicos, anélisis histopatolégico y cuantificacion de la expresién de antiinflamatorios y pro- citocinas -
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inflamatorias normativas, después de la administracion después de la administracién administracion de bebida lactea
fermentada con o sin aceite esencial de clavo por sonda durante 30 dias. El grupo que bebid la leche italiana
fermentado con aceite esencial de clavo presenté menor nivel de glucemia en el GTT, mayor sensibilidad a la insulina
y mayor tasa constante de desintegracion de glucosa (Kitt), en relacién a los otros grupos. En la evaluacioén de los
parametros fisioldgicos, no hubo evidencia de toxicidad en los ratones durante el periodo experimental. Parametros
bioquimicos, analisis histopatoldgico y expresion de citocinas antiinflamatorias (1L-10) y proinflamatorias (IL1p, IL6
y TNFa) en el higado de ratones no afectados por el tratamiento. Estos resultados corroborados por analisis
bioinformaticos demuestran que la bebida lactea fermentada con aceite esencial de clavo puede actuar como sustituto
de los conservantes quimicos convencionales y reducir los niveles glucémicos.

Palabras clave: Syzygium aromaticum; Tolerancia a la glucosa; Sensibilidad a la insulina; Citoquinas;
Hepatotoxicidad.

1. Introduction

Medicinal plants with broad therapeutic spectra are used to prevent and cure various pathologies (Dhama et al., 2018).
The clove (Syzygium aromaticum) stands out as one of the traditional spices used in food preservation and has potent
antioxidant and antimicrobial activities. Its benefits are linked to its phytoconstituents, including its essential oils (EOs)
(Cortés-Rojas et al., 2014).

Natural products and chemical-free consumptions are being increasingly valued. Among them, the fermented dairy
beverage produced from whey is a viable food alternative, as it reduces the environmental impact caused by the discarded
whey. It thus has low cost and a high nutritional value. When it is supplemented with clove essential oil as a natural
preservative, it can be considered a functional food, because the clove essential oil can modify gastrointestinal tract
physiology, alter biochemical parameters and reduce and minimize the effects of some pathologies (Cortés-Rojas et al., 2014;
Di Cerbo et al., 2017).

Farias (2016), in order to obtain a natural product and free from chemical additives, used the formulation of the
fermented dairy beverage developed by the study group in Biotechnology (GEBIO), from the Agrarian Sciences Institute -
Federal University of Minas Gerais (ICA-UFMG) and replaced the chemical preservative, potassium sorbate, with the clove
essential oil, in three different concentrations. Analyzes of the antioxidant and antimicrobial activity of the oil present in the
beverage were carried out for 28 days. A product was obtained with antioxidant and antimicrobial power that can be functional
without needing to add preservatives or chemical additives.

The Food and Drug Administration (FDA) recognizes clove essential oil as Generally Recognized as Safe (GRAS)
under prescribed conditions and when it is included in the food for which it is intended (Food and Drug Administration FDA,
2018). For clove EO to gain approval for addition to fermented dairy beverage and be classified as a functional product, in vivo
toxicity studies must be carried out to evaluate the EO pharmacological activities exerted on the organism and to determine if
this concentration will produce any toxic effects (Agéncia Nacional de Vigilancia Sanitaria, 2015; Food and Drug
Administration FDA, 2018).

In the literature, although previous studies have evaluated the Syzygium aromaticum essential oil used in different
pharmacological activities in mice (Al-Okbi et al., 2014; Liu et al., 2015). The concentration of 2 ul/mL did not present acute
or chronic toxic effects or cause histopathological changes in the liver, kidney, brain, lung, heart, or spleen (Liu et al., 2015).

Through this previous study (Liu et al., 2015), the concentration in the beverage of 2ul/mL can be adopted in this
experiment, without the need to perform a toxicity test previously. To date, no in vivo experiments have reported using it as a
preservative in fermented dairy beverage.

Therefore, the present study aimed was to evaluate the modulation of the glycemic profile, physiological and

biochemical parameters, histopathological analysis, bioinformatics analysis and quantification of the expression of anti-
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inflammatory and pro-inflammatory cytokines, in the liver male Swiss mice feed with fermented dairy beverage supplemented
with clove essential oil.

2. Methodology
Preparation, caloric determination, and physico-chemical analyses of the fermented dairy beverage

The fermented dairy beverage and the fermented dairy beverage with Syzygium aromaticum essential oil were
prepared weekly in triplicate at the Food Technology Laboratory (Agrarian Sciences Institute - Federal University of Minas
Gerais, ICA/UFMG), according with the methodology proposed by (Farias, 2016; Figueiredo et al., 2019) , with a few
modifications, in the proportions provided in the legislation (Brasil, 2005, 2007).

Both beverages contained 44.5% whole milk UHT, 44.5% reconstituted whey powder (15%), 10% crystal sugar, 1%
modified starch, and 0.1% thermophilic DVS lactic culture. For the fermented dairy beverage control, the chemical
preservative potassium sorbato (0.003 g/mL) was added. In the test group, clove essential oil (2 pl/ml) was added to the
fermented dairy beverage instead.

To make each beverage, two blends were produced. The first was composed of UHT milk, modified starch and sugar,
which was homogenized with to the magnetic stirrer and heated until the temperature reached 37 °C, as checked with a digital
thermometer. The second mixture, containing previously homogenized reconstituted whey powder and mineral water, was
added to the first mixture and heated to precisely 42 °C, then the lactic culture was added and homogenized. 50 mL of each
drink was transferred to falcon tubes for pH measurement on a benchtop pH metre, and stored in the BOD incubator at 43 °C.
The pH was measured every hour and when it reached 4.6, the beverages were cooled in a refrigerator until reaching 5 °C. The
formed clot was agitated and undone. Then, either 2 pl/mL Syzygium aromaticum fermented dairy beverage with clove
essential oil or 0.003 g/mL potassium sorbate used as a chemical additive was added to the fermented dairy beverage. The
drinks were agitated so that the oil and the preservative were homogeneously distributed and stored in sterile vials in quantity
for daily use at 5 °C.

The physico-chemical analyses were carried out in the Bromatology Laboratory (Agrarian Sciences Institute - Federal
University of Minas Gerais, ICA/JUFMG). They were quantified by titulometry, titratable acidity, and the protein content by
the Kjeldahl method, and the lipid contents were assessed by the Mojonnier method, according to Normative Instruction n°. 68
of the Ministério da Agricultura Pecuéaria e Abastecimento - MAPA (Brasil, 2006).

The microbiological analyses were performed at the Animal Sanity Laboratory of the Center for Agrarian Sciences
Research-CPCA.. To investigate the Salmonella sp. presence, the total and thermotolerant coliforms and milk bacteria counts
were assessed according to the methodologies described in the MAPA Normative Instructions n°. 62/2003 (Brasil, 2003),
68/2006 (Brasil, 2006) e 46/2007 (Brasil, 2007). Both analyses were completed before the beverages were released for animal
consumption.

The caloric value of the beverage was determined through calorimetric analysis in the Bromatology Laboratory
(Agrarian Sciences Institute - Minas Gerais Federal University ICA/UFMG in Montes Claros). Ten mL of each beverage were
placed in petri dishes and stored in a forced circulation oven at 65 °C for 24-48 hours until a constant weight was obtained in
order to remove excess moisture and obtain the total solids according to an adapted methodology (Souza et al., 2018). The total
solids were transferred to a crucible and placed in the adiabatic calorimetric pump KA C5000® in order to obtain the calories

amount per drinks gram. The beverage were standardized so that the diets were isocaloric.
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Animals

This study was approved by the Animal Experimentation Ethics Committee of the Federal University of Minas Gerais
- CEUA/UFMG, under protocol number 231/2017 and by the Ethics Committee on Experimentation and Animal Welfare of
the State University of Montes Claros - Unimontes, under process number 149/2017.

The animal experimentation used 24 four-week-old male Swiss mice from the Animal Experimentation Center of the
State University of Montes Claros - Unimontes, where the study was carried out according to the National Council for the
Control of Animal Experimentation (CONCEA) (Brasil, 2015).

The animals went through a seven-day adaptation period, were fed ad libitum with a standard diet (LABINA®),
containing 23.3% proteins, 55.6% carbohydrates and 2.6% lipids, and 4.0 kcal/g total energy. And had free access to tap water.

At four weeks of age, the animals were divided into three groups (n = 8 animals each), completely randomized design
and fed the respective experimental diets for four weeks. In order for the diets to be isocaloric and the three groups would
consume the same amount of Kcal daily, the feed was given to each group in a controlled manner and the water was supplied
ad libitum. The diets were adjusted weekly according to the average body weight of the animals in each group, measured once
a week.

In the control group (Ctrl), the animals were fed only with standard diet (LABINA®). In group, fermented dairy
beverage (FDB), the animals were given standard diet plus the fermented dairy beverage. In group, fermented dairy beverage
with the addition of clove essential oil (FDB+CEQ), the animals were given standard diet plus the fermented dairy beverage
with the addition of clove essential oil.

The group FDB animals received 2 mL fermented dairy beverage by gavage and the group FDB+CEO animals
received 2 mL fermented dairy beverage with the Syzygium aromaticum essential oil by gavage, daily at 07:00 AM for 30
days.

After euthanized, blood samples were collected at the time of decapitation and centrifuged (3000 rpm for 10min at
4°C). The serum was separated and stored at -20 °C, for biochemical analysis. The liver were rapidly removed, weighed, and
divided into eppendorf tubes. One part was stored in 10% formaldehyde for histopathology analysis, the second part was

frozen in liquid nitrogen for and subsequently stored at -80°C, for RNA extraction.

Metabolic, toxicity, biochemical and histopathological analysis

The glycemic profile was performed on the 21st and 23rd experiment days at the capillary glycemia level. To evaluate
the peripheral insulin sensitivity and glucose tolerance, insulin sensitivity (IST) and glucose tolerance (GTT) tests were
performed.

The IST was done in the morning of the 21st experiment day with animals in the fed state, by the intraperitoneal
application 0.75 Ul of insulin/kg body weight (Vinué & Gonzalez-Navarro, 2015). The glucose decay constant rate (Kitt) was
calculated using the formula 0.693/ ti,, in which the blood glucose was obtained by the analysis of the slope of the linear
regression obtained by the linear constant from 0 to 15 minutes after insulin administration (Bonora et al., 1989).

The GTT was performed on the 23rd experiment day in animals that had fasted for 6 hours, through the
intraperitoneal application 2 g of glucose/kg body weight (Jargensen et al., 2017).

Both measurements of blood glucose were performed using the portable glucometer and the glycemic strips of the
Alere G2® according to the manufacturer's specifications. Blood drops were collected from a small cut at the tail, and these
samples were used to check the glycemia before the application time, at time 0, and at 15, 30, 60 and 120 minutes after the

application.
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During the study period, the animals were observed for signs of toxicity: locomotion, behavior, breathing, changes in
skin and hair, eyes, tremors, salivation, diarrhea, lethargy, drowsiness, and rated at scores from 0 to 4. 0: absent, 1: rare, 2:
slightly, 3: moderate, 4 severe (Malone & Robichaud, 1962).

Serum creatinine, alanine aminotransferase (ALT), aspartate aminotransferase (AST), albumin, total cholesterol, high
density lipoprotein (HDL), and glucose, were measured using enzymatic tests (Wiener BT-3000 Plus Chemistry Analyzer
Wiener , Argentina).

The right lobe of the liver were fixed in 10% formaldehyde solution and embedded in paraffin. Sections were
deparaffinized, rehydrated, and stained with hematoxylin and eosin (H&E). Five Images of liver areas (x10 ocular and x40
objective lenses) were captured with an Olympus FSX 100 microscope, (Tokyo, Japan). Were evaluated hepatic steatosis,

inflammation and fibrosis, and classified according to methodology adapted from (Brunt et al., 1999).

Reverse transcription and real-time PCR (QRT-PCR)

The liver tissue collected were homogenized and the total RNA was isolated using Trizol reagent (Invitrogen Corp. ®,
USA), according to specification provided by the manufacturer. The quantification of RNA was measured at absorbance of 260
nm and 280 nm (A260/280) (Thermo Scientific- NanoDrop 2000®, USA). The total RNA samples were treated with Dnase,
and reverse transcription was performed with M-MLV RT (Ludwig Biotec®, Brazil) e OligodT, using random hexamer
primers. All samples were normalized to glyceraldehyde-3-phosphate dehydrogenase (GAPDH), which served as an
endogenous control. The sequence of the primers were described in the Table 1: tumor necrosis factor alpha (TNFa)
interleukin 6 (IL6), interleukin 10 (IL10) and interleukin 1 beta (IL1-B). mMRNA expression was determined by quantitative
real-time reverse transcriptase PCR (QRT-PCR) using SYBR Green reagent® on the PlusOne platform (Applied Biosystems™
QuantStudio™ 6 Flex Real-Time PCR System®, USA). Normalization of the target genes to the reference gene was performed
using the 2-AACT method (Livak & Schmittgen, 2001).

Table 1 - Sequence of specific oligonucleotide primers used in qRT-PCR.

Genes Sequence primers References

F: 5 AAGAAGGTGGTGAAGCAGGCATCS
GAPDH | b CGAAGGTGGAAGAGTGGGAGTTG3’ (Fan etal., 2020)

F:5CATCTTCTCAAAATTCGAGTGACAA3’ )
TNFo R: 5" TGGGAGTAGACAAGGTACAACCC3’ (Secchi etal., 2017)

F:5 TGAGGCGCTGTCGTCATCGATTTCTCCCS
IL10 R: 5’ ACCTGCTCCACTGCCTTGCT 3’ (Voetal., 2017)

F:5’ATGGCAACTGTCCCTGAACTCAACT?’

IL1-p R: S’CAGGACAGGTATAGATTCAACCCCTT 3’

(Bao et al., 2008)

IL6 F:5>GAGGATACCACTCCCAACAGACC3’ (Murakami et al., 2011)
R:5’AAGTGCATCATCGTTGTTCATACA3’ ”

Source: Authors.

Bioinformatics analyses

The bioinformatic analysis was performed as previously described (Barbosa et al., 2019; Santos et al., 2017). Using
the Genecards database (www.genecards.org version 4.14), we used the search terms "Syzygium aromaticum™ AND glucose
AND insulin. The initial gene list was then expanded using the STRING (version 11.0) (Szklarczyk et al., 2019), limited to the
species “homo sapiens”. Was considered the highest interaction score required (highest confidence 0.9), the maximum number
of interactors in the first and second shell was no more than 20 and 10 interactors respectively. We select all active interaction

sources.
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For each gene to be identified, we add the association scores obtained in the interaction network and adjust the score,
multiplying by 1000, to obtain the weighted number of links (WNL). According to WNL all genes were clustered, using K-
means Clustering (p <0.001). The genes without interactions were defined as orphan genes. The genes with the highest rank of

associations were identified as leader genes. Analyses were performed using SPSS (Version 18.0, IBM, New York, NY, USA).

Statistical analysis

The number of animals per group was determined a priori using a power calculation: n = 1 + [2C*(s/d)?], where C=
(zo. + zB)? and is dependent on the values chosen for the statistical power and level of significance, s is the coefficient of
variation, and d is the expected difference between the groups to obtain p< 0.05.

To evaluate the glucose concentration in the GTT and IST, two-way ANOVA was used. The area-under-curve of the
GTT and IST were calculated by the trapezoidal method (Matthews et al., 1990).

For the glucose decay constant rate evaluation (Kitt) in the IST, linear regression analysis was completed by obtaining
the constant value of the slope from 0 to 15 minutes using the formula 0.693/ tyy.

To evaluate the groups, one-way ANOVA was used. When there were differences between groups, at significance
levels of 5% (p <0.05), the Tukey test was performed. All analyses used the program GraphPad Prism software (Version
7.00, San Diego, California, USA).

3. Results
In the glucose decay constant rate per minute evaluation (Kitt), the group FDB+CEO has shown higher Kitt of 11.4%

(Table 2), compared to the other groups. However, up to 30 minutes there was no effect of the essential oil associated to the

beverage in the glucose in the insulin sensitivity test (Table 2).

Table 2 - The glucose decay constant rate Kitt (% per minute) during the insulin sensitivity test (Kitt, 15 minutes) per group.

Kitt
Group (0-15 min)
curl 8.2
FDB 9.7%
FDB+ CEO 11.4%

Ctrl - Control Group: diet with standard diet; FDB - Isocaloric group to Ctrl group: standard diet + fermented dairy beverage; FDB+CEO -
Isocaloric group to Ctrl group: standard diet + fermented dairy beverage with clove essential oil.

Values expressed by group as the mean + standard deviation.

Source: Authors.

In both groups, glucose concentration in the first 15 minutes declined linearly. After 120 minutes of insulin
application, the glucose concentration in each group was close to the glucose level measured at the initial time (Figure 1A).

The groups fed with fermented dairy beverages (FDB and FDB+CEO) did not present statistical significance in the
area under curve when compared with the control group (Figure 1B). FDB+CEO presented a smaller area, demonstrating that
the beverage with clove essential oil can regulate the glucose level of the cells.

In the glucose tolerance test, the groups did not present significance at the times 0 and 120 minutes. Each group blood
glucose (mg/dl), at 120 minutes, was close to baseline time 0, indicating that the animals presented with normal glucose

tolerance (Figure 1C).
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Figure 1C represents the groups glycemic curve as a function of time (minutes). The glucose maximum peak of
groups Ctrl and FDB+CEO was at 30 minutes while that of group FDB was at 15 minutes.

In the area under curve analysis (Figure 1D), FDB+CEO presented a significant reduction in the glucose blood level
when compared to groups FDB and FDB+CEO.

When we use the search the GeneCard input terms, 8 genes were obtained. After being expanded in the STRING
database, we obtained the interatoma shown in the figure 1E and 1F. Based on the analysis of bioinformatics and on the WNL
values, AKT1, PIK3CA, PIK3CB and PIK3R1 are the leader genes (Figure 1E and 1F). These genes are related to the
PIK3/Akt insulin signaling pathway. The data obtained in the bioinformatics analysis corroborate the findings in the IST and
GTT tests. This result suggests that the clove essential oil when added to the fermented dairy beverage promoted a reduction in

the glucose blood level.
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Figure 1 - Modulation of glucose and insulin. (A) Mean glucose concentration (mg/dL). (B) Area Under Curve (AUC) of
blood glucose (mg/dL) per group during an Insulin Sensitivity Test (IST), after the intraperitoneal application of insulin at a
concentration of 0.75 Ul/kg body weight, in relation to time (min). (C) Mean glucose concentration (mg/dL). (D) Area Under
Curve (AUC) of blood glucose (mg/dL) per group during Glucose Tolerance Test (GTT), after the intraperitoneal application
of glucose (2g/kg body weight), in relation to time (min). (E) Leader genes in the protein interaction network formed from
genes from GeneCards. (F) distribution of genes in relation to WNL (Weighted Number of Links).
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Control Group: diet with standard diet; FDB - Isocaloric group to Ctrl group: standard diet + fermented dairy beverage; FDB+CEO -
Isocaloric group to Ctrl group: standard diet + fermented dairy beverage with clove essential oil.
According to the results of the Tukey test (p <0.05), averages followed by the same letter did not differ from each other.
Source: Authors.

Group FDB+CEOQ presented lower body weight in the third week compared to Ctrl group (Figure 2A). However,
when we evaluate energy efficiency (Figure 2B) to exclude the possibility of body weight affecting the outcome of the tests
IST e GTT, since this group presented a significant in the area under curve when compared with the control group as shown in

Figures 1B and 1D.
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According to the data obtained, energy efficiency did not differ between groups at the end of the experiment. Thus the
three groups were able to convert the nutrients provided by each diet into weight gain equally (Figura 2B).

The animals showed no clinical or behavioral changes, such as temperature, breathing, neurological, heart and
respiratory rate, during the experimental period according to the methodology described by (Malone & Robichaud, 1962) that
indicated toxicity.

The integrity and function of hepatocytes was assessed by serum measurement of alanine aminotransferase (ALT) and
aspartate aminotransferase (AST), albumin, total cholesterol, high-density lipoprotein (HDL) and triglycerides (Figure 2C and
2D).

The results indicate that the Group FDB + CEO did not show significant changes in the levels of ALT, AST, albumin,
(Figure 2C), triglycerides, total cholesterol and HDL when compared to Group Ctrl (Figure 2D).

Figure 2 - Clinical and biochemical analysis. (A) Measurements of body weight of each group, from first to fourth week,
according to the diet provided. (B) Energy efficiency of each group, evaluated at the end of the experiment, according to the
body weight and kcal consumption provided by diets. (C) Effect of diets on biochemical parameters that assess hepatocyte

integrity. (D): Effect of diets on biochemical parameters that assess hepatocyte functionality.
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Ctrl - Control Group: diet with standard diet; FDB - Isocaloric group to Ctrl group: standard diet + fermented dairy beverage; FDB+CEO -
Isocaloric group to Ctrl group: standard diet + fermented dairy beverage with clove essential oil.

By the Tukey test (p <0.05), (A) averages followed by the same letter in the same week did not differ from each other. (B) averages followed
by the same letter did not differ from each other. Source: Authors.

Histopathological analysis of the liver was performed using the general stratified score for morphological analysis of
liver tissue, regarding the parameters of inflammation, steatosis and fibrosis (Figure 3). The analysis did not reveal
10
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histopathological alterations in liver tissue (p>0.05), when evaluating the experimental groups (Figure 3). Thus, the drink did

not produce lesions in the hepatocytes, complementing the biochemical findings that assessed liver function and integrity.

Figure 3 - Histopathological analysis. Stratified score for histopathological changes according to the different diets. Below the

graph is illustrated the histopathology of the liver according to different diets.

3

BN Fibrosis

I Inflammation

SCORE

Hl Steatosis

Ctrl FDB FDB+CEO

Coloring (H&E) of the liver tissue, photos with 40x magnification. Average of scores 0 Absent changes 0,1 - 1,9 slight changes 2 - 2,9
moderate changes >/= 3 marked changes. Ctrl / A - Control Group: diet with standard diet; FDB / B - Isocaloric group to Ctrl group: standard
diet + fermented dairy beverage; FDB+CEO / C - Isocaloric group to Ctrl group: standard diet + fermented dairy beverage with clove
essential oil. Values expressed by group as the mean + standard deviation. Source: Authors.

The analysis of the expression of the pro-inflammatory and anti-inflammatory cytokine genes in the liver was
important for evaluating the dose under study.

The results allowed to infer that the concentration of 2 pl/ml of essential clove oil added to fermented dairy beverage
did not induce hepatocyte lesions, since the concentration of pro-inflammatory cytokines, IL1p, IL6 and TNFa, and anti-

inflammatory, 1L-10, (Figure 4) did not differ between the groups evaluated.
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Figure 4 - Levels of expression of the pro-inflammatory cytokines in the liver of mice according to different diets. (A) IL1p,
(B) IL6, (C) TNFa and (D) IL-10.
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Ctrl - Control Group: diet with standard diet; FDB - Isocaloric group to Ctrl group: standard diet + fermented dairy beverage; FDB+CEO -
Isocaloric group to Ctrl group: standard diet + fermented dairy beverage with clove essential oil.

Values expressed by group as the mean + standard deviation. By the Tukey test (p <0.05), averages followed by the same letter did not differ
from each other. Source: Authors.

4. Discussion

The glucose decay constant rate (Kitt) varies according to the stimulus produced in the cells by insulin, to capture
circulating glucose and inhibit the production of hepatic glucose (Rines et al., 2016). This higher rate found in the FDB+CEO
groups may have occurred because the clove EO exerts insulin-like activity in cells (Table 2).

The observed result was similar to those obtained by previous authors (Tu et al., 2014), who evaluated the ability of
Syzygium aromaticum to regulate glucose consumption by C.Ci, myocytes.

In the insulin sensitivity test, the three groups evaluated presented with similar behaviours, and the blood glucose
(mg/dl) declined linearly in the first 15 minutes, before being reestablished to the value measured at time 0 in each group
within 120 minutes (Figure 1A). This result was similar to that obtained in a study in which mice were induced to
hypoglycemia by insulin. In the first 60 minutes after insulin application, their blood glucose declined, but it subsequently
recovered after between 120 and 300 minutes (Kwiatkowski & Antunes, 2016).

Significative differences were observed after 30 minutes of intraperitoneal application of insulin when compared FDB
and FDB+CEO with Ctrl (Table 2). The fall in glycemia induced by the intraperitoneal application of insulin occurs because
the cells are stimulated to pick up the circulating glucose 15 to 20 minutes after the application and inhibit the glucose release
by the liver. The counter-regulatory hormone, glucagon, is then secreted in the next 120 minutes to reestablish glycemia
(Bonora et al., 1989; Wajchenberg et al., 1999).

None of the groups studied showed insulin resistance, once the groups reestablished the glycemia after 120 minutes.
This resistance can occur by multiple factors. For example, when the body has a low body weight, it adapts to the restricted
supply of calories provided by the diet and reduces the secretion of insulin so that it has greater availability of glucose for the

cells to perform their vital functions (Smith et al., 1975).
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Following intraperitoneal glucose application in the glucose tolerance test, the glucose will reach its maximum peak
15-30 minutes after it is applied. The same phenomenon is observed after normal ingestion. In the digestive tract, the food
undergoes the digestion processes and absorption, with carbohydrates being the main nutrients responsible for providing
energy to the cells in the glucose form (Aradjo & Martel, 2009).

When added to fermented dairy beverage, the clove essential oil did not offer resistence to insulin and it promoted
lowering plasmatic levels of glucose. That result corroborates literature data (Tu et al., 2014) that show the hypoglycemic efect
of the clove essential oil.

When the blood glucose level increases, it activates the release of insulin by the f cells, which then bind to the cells of
the body to activate the signalling cascade, as the Phosphoinositide 3-kinases/serine/threonine kinase (PI3K/AKT) Pathway
(Hopkins et al., 2020).

The PI3K/AKT pathway promotes glucose transport, glycogen and protein synthesis (Huang et al., 2018). The
bioinformatics analysis carried out in this study showed the AKT1, PIK3CA, PIK3CB and PIK3R1 proteins as the leading
genes. These genes are involved in the PISBK/AKT pathway. The PI3K plays a direct role in insulin signaling. AKT, among
other functions, mediates the actions of insulin and regulates the uptake of glucose by means of glucose transporters in cells
(Karadogan et al., 2018).

The passive facilitative glucose transporters (GLUTS) and the secondary active sodium-coupled glucose transporters
(SGLTs) present in all cells then open their channels so that glucose can enter the cells and either be stored as glycogen or
generate energy in the form of ATP (Machado, 1998).

The individual may present insulin resistance and/or glucose tolerance, obesity, diabetes, hyperglycemia,
dyslipidaemia, hepatic steatosis, or hypertension. Since diabetes engages metabolic diseases, it will generate hyperglycemia,
resulting from insulin resistance, secretion and action, and/or glucose intolerance (American Diabetes Association, 2016).

The glucose tolerance and insulin resistance tests in mice are critical to perform, as new foods increased in the human
diet can lead to metabolic disorders throughout the lifespan (Vinué & Gonzélez-Navarro, 2015) and the genetic glucose
transport proteins expression of SGLTs and GLUTs may also undergo modifications (Sampaio et al., 2016).

Possibly the clove essential oil present in the fermented dairy beverage regulated the expression of the main proteins
in the PI3K/Akt pathway, which may have contributed to lower glycemic levels in the animals of the group FDB + CEO,
obtained in the insulin sensitivity and glucose tolerance tests.

When evaluating ALT, AST and Albumin (Figure 2C) we obtain a result similar to that obtained by (Elkomy et al.,
2018) in which rats treated with 200mg/kg of body weight with clove essential oil, also showed no significant difference (p
<0.05), in these biochemical parameters. In the context of toxicity, ALT and AST are released and increase in plasma three
times more than the baseline level (Xu et al., 2015)

The biochemical analysis of triglycerides, total cholesterol and HDL, in the group FDB+CEO did not differ
significantly (p <0.05), in the Ctrl and FDB groups (Fig. 2D). These results corroborate the findings described by (Al-attar &
Zari, 2007) that evaluated the modulating effects of 5% essential clove oil on the physiological responses in non-diabetic
Wistar rats, in which the biochemical parameters did not differ with the group Ctrl.

The absence of lesions in the hepatic tissue observed in this study can be affirmed by the normality of the biochemical
parameters, because when food generates liver damage, when it is metabolized in the liver, the integrity and function of the
hepatocytes are compromised. Liver integrity is assessed using the enzymes albumin, ALT and AST (Hall & Cash, 2012; Xu et
al., 2015) and functionality by HDL, cholesterol and triglycerides.
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In the histopathological evaluation, the dosage of 2 pl/ml, the essential oil of cloves added to fermented dairy
beverage, did not present evidence of alteration regarding inflammation, steatosis and fibrosis that was indicative of toxicity
caused by its administration (Figure 3).

The importance of researching these cytokines is related to the inflammatory response in the liver, which is mainly
mediated by TNFa, IL1B, IL6, which increase their concentrations in the body (Khalil et al., 2018). In order for the body to
function properly, homeostasis between pro-inflammatory and anti-inflammatory cytokines is necessary, since the imbalance
between them can cause irreversible disorders (Medzhitov, 2008).

A diet that included the clove essential oil attenuated a change in glucose concentration on the GTT compared to
control diets with and without a fermented dairy beverage. This represents the first work evaluating how this beverage

functions in animal organisms. Importantly, this work verified that this beverage has a promising functional potential.

5. Final Considerations

The results obtained in the insulin sensitivity and glucose tolerance tests suggest that the fermented dairy beverage
with the Syzygium aromaticum essential oil reduced blood glucose levels these data were corroborated by bioinformatics
analysis.

In the evaluation of physiological parameters there were no signs of toxicity in the mice during the experimental
period.

Hepatic integrity of the mice was evaluated by biochemical parameters, analysis, histopathological analysis and
expression of pro-inflammatory (IL1p, IL6 and TNFa) and anti-inflammatory (IL-10) cytokines.

This may indicate the functionality of the beverage and that it is possible to add it to the diet of individuals.

Future work should further explore the mechanisms by which clove essential oil regulates glucose sensing and
metabolism. For example, bioactive molecules in clove oil can modulate the expression of glucose transport proteins, SGLTS
and GLUTs, and proteins from the PIK3/Akt pathway, which are responsible for absorbing glucose through the intestine.

Further work is also needed to confirm the safety of clove essential oil in a fermented dairy beverage and exclude the

possibility of defective gastrointestinal absorption-related mechanisms.
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