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ABSTRACT. Biological rhythms can be defined as changes in
physiological or behavioral variables that repeat at certain time
intervals. Rhythms that last approximately 24 h are referred to as
circadian rhythms. Modern lifestyles have drastically affected human
habits, as well as the population’s eating habits. These changes have
generated an epidemic of metabolic syndromes, such as obesity and
diabetes. In an attempt to combat obesity, populations have attempted
to use many different herbal remedies and plant-based drugs, the
most common of which is Camellia sinensis, or green tea. Most of
the studies on the effects of C. sinensis on maintaining body weight
have reported the involvement of this substance in lipid oxidation. The
objective of this study was to evaluate how the administration of C.
sinensis at different times of day influenced changes in body weight,
blood glucose levels, and food intake of mice kept under different diet
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conditions. The structural organization of abdominal adipose tissue was
also evaluated, as were certain aspects of lipid metabolism and overall
synthetic activity in the liver, adipose tissue, and ovaries. The results
obtained suggest that the intake of green tea in the light phase of the day
stimulates weight loss, regardless of the diet ingested. Neither glucose
levels nor the structural organization of adipose tissue was found to be
altered in any of the experimental groups. Neither diet nor the time at
which the green tea was administered was found to have any effects
on the amount of food the mice consumed. The time at which green
tea was consumed and the type of diet both influenced LXRaβ nuclear
receptor expression, as well as the expression of fibrillarin in the liver
and ovaries, although this influence was tissue specific.
Key words: Green tea; Circadian rhythms; LXRaβ; Fibrillarin;
Metabolism

INTRODUCTION
Overweight is a condition in which individuals accumulate abnormal quantities of fat.
It has been postulated that this condition is the main cause of the development of metabolic
syndromes, such as obesity, type 2 diabetes, and cardiovascular diseases (Al-Daghri et al.,
2015). It has been shown that energy homeostasis, which is classically defined as the balance
of all the ingested and spent energy, is clearly unbalanced in overweight individuals (Staels,
2006). According to the World Health Organization (WHO), more than 1.4 billion adults are
overweight. The most recent international data available is a WHO prediction that 2.3 billion
adults would be overweight by 2015 (WHO, 2008). Due to the ever-growing obesity pandemic,
the anti-obesity effects of many natural products are being increasingly investigated through
the use of cell-based, animal, and human studies (Wolfram et al., 2006).
Green tea (Camellia sinensis) is an herbal product commonly used to control body
weight, and it is the most popular natural weight loss remedy among many populations
(Wolfram et al., 2006). Green tea is also known for reducing the risk of cardiovascular events
and stroke by enhancing endothelial-dependent vasodilation (Ras et al., 2011) and for improving
residual albuminuria among patients with diabetic nephropathy (Borges et al., 2016). Aqueous
green tea preparations are known to have large amounts of polyphenol catechins, as well as
caffeine (Kovacs et al., 2004). Among all the green tea polyphenols, epigallocatechin-3-gallate
(EGCG) has been identified as the main agent behind the health benefits provided by green tea
(Khan and Mukhtar, 2007). Caffeine acts by inhibiting phosphodiesterase, which generates an
inhibitory effect in the control of the extended release of noradrenaline in lipid metabolism.
Likewise, catechins are also known to have some inhibitory activities against catechol-Omethyl transferase, an enzyme that degrades noradrenaline. It is likely that the combination
of caffeine and catechins is more effective in controlling and combating obesity than either of
the components alone (Khan and Mukhtar, 2007). In summary, the main mechanisms of action
exhibited by green tea in body weight maintenance involve: 1) increasing thermogenesis and
fat oxidation (Diepvens et al., 2006), 2) decreasing total cholesterol, LDL, insulin, and plasma
triglyceride concentrations (Chanadiri et al., 2005; Wu et al., 2012), 3) increasing energy
expenditure while decreasing the respiratory quotient (Dulloo et al., 1999), and 4) decreasing
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adipogenesis while increasing rates of apoptosis in mature adipocytes (Lin et al., 2005).
Chronotherapy is a technique in which drug delivery is limited to certain times of the
day when the effectiveness of its administration is higher and fewer side effects are therefore
produced (Lis et al., 2003). The principle of this technique involves coordination between the
time of drug administration, the therapeutic effect of the drug, the body’s biological rhythms
(i.e., circadian cycles), and the needs of the target organism (White et al., 2001).
During the evolutionary process, eukaryotic organisms have developed molecular
mechanisms that allow for synchronization of their physiology to the 24-h daily cycle, and
the processes that follow this fluctuation pattern are called circadian cycles (Froy, 2010). The
synchronization of these events allows organisms to adapt and to anticipate their responses
to external stimuli, such as the presence or absence of light in the environment, as well as
the availability and/or quality of food (King and Takahashi, 2000). In mammals, the central
biological clock is located in the suprachiasmatic nucleus of the hypothalamus (Mota, 2010).
The suprachiasmatic nucleus and its efferent targets in the hypothalamus bring together light
and feeding signals to entrain both behavioral rhythms and clock cells located in peripheral
tissues such as the liver, adipose tissue, and muscle (Gooley, 2016).
The role that both central and peripheral molecular circadian machinery perform in the
control of overall metabolic activity has been studied extensively in recent years (Marcheva et al.,
2009; Bellet and Sassone-Corsi, 2010; Froy, 2010; Maury et al., 2010; Asher and Schibler, 2011;
Orozco-Solis et al., 2016). Anticipatory mechanisms before food ingestion, such as an increase
in body temperature and duodenal secretion, as well as the final processing of the metabolites,
are all controlled by circadian machinery (Stephan, 2002). Changes in the availability of food
(i.e., food restriction) (Stokkan et al., 2001; Hara et al., 2001), as well as changes in food
composition (i.e., high caloric intake) (Kohsaka et al., 2007) appear to alter both peripheral and
central circadian expression of some of the proteins responsible for metabolic control.
Reproductive physiology is another event that is deeply influenced by biological
rhythms (Boden and Kennaway, 2006). Evidence indicates that mammalian circadian clocks
regulate the concentration of many reproductive hormones (Lucas and Eleftheriou, 1980;
Clair et al., 1985; Chappell et al., 2003; Miller et al., 2004). There is also evidence that
circadian cycles influence the link between metabolic processes and reproductive physiology
since obesity has been shown to have an important impact on fertility through its contribution
to anovulation. Obesity may also increase miscarriage rates. Besides, obese women have a
higher chance of developing gestational diabetes and preeclampsia (DeUgarte et al., 2010).
Chronotherapy has been applied as a promising technique for the treatment of
various diseases and physiological changes. It has been used in the treatment of obesity and
metabolic syndromes after taking into consideration three important aspects of circadian
system organization: 1) the action of the central oscillator governing the time of food intake
and the performance of physical activity during the day; 2) the individual’s genetic makeup
through the detection of genes that predispose the development of metabolic imbalances; 3)
the administration of drugs in a way that follows the release rhythms of cortisol, melatonin,
and other compounds that are involved in the control of metabolic pathways and expressed in
a circadian pattern (Gómez-Abellán et al., 2012).
Because the components of the molecular circadian system operate in the overall
control of metabolic homeostasis (disorders which can further increase body weight), it is
necessary to investigate natural products that, when ingested, could aid in weight control,
which, in turn, would improve fertility in overweight females.
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The aim of this study was to evaluate how the administration of an aqueous green
tea extract at different times of the day would affect mice on different diets (regular and high
glucose) and how this extract influences lipid metabolism and the synthetic activity of the liver,
adipose tissue, and ovaries. Another goal of this study was to monitor changes in body weight,
blood glucose levels (glycemia), and food intake, as well as in the structural organization of
white adipose tissue (WAT) under these experimental conditions.

MATERIAL AND METHODS
Experiments were performed using 20 female Swiss mice (Mus musculus) that were
approximately 4 months of age. They were supplied by the vivarium of Sagrado Coração
University (USC) in São Paulo State, Brazil. The animals were cared for following Brazilian
Animal Welfare Regulations, or the CONCEA (2013), which is monitored by the Brazilian
Institutional Animal Care and Use Committee (CONCEA) during the experiments. The
animals were kept in cages at a controlled temperature (between 21° and 25°C), and with a
12:12-h light:dark cycle. Food and water were offered ad libitum. The animals were euthanized
through the injection of barbiturates and cervical dislocation for biological material collection.
All procedures used for euthanasia were consistent with CONCEA (2013) Euthanasia Practice
Guidelines. This project was approved by the Ethics Committee for Animal Research and
Education from University of São Paulo, School of Dentistry - Bauru Campus (FOB-USP)
under protocol No. 004/2013.

Experimental design
The 20 mice were first separated into 2 groups (N = 10/group) for a 7-day
acclimatization period, followed by a 20-day initial experimental period. One of the groups
was fed the control diet, while the other one was fed a high-glucose diet (≅ +2500 kcal/kg).
Pellets for this high-glucose diet were created by mixing 1000 g control diet powder, 1000
g sucrose, and 1200 g sweetened condensed milk (≅ 55% simple sugar, 8% fat, 8% protein,
w/w, Nestlé). Daily food intake, weekly body weight, and weekly glycemia levels were
recorded during both the acclimatization period and the first 20 days of the experimental
period. In the second 20-day experimental period, the animals were separated into the 4
following groups (N = 5/group): the LPCD group, which received the control diet and green
tea 1 h after the start of the light phase; the DPCD group, which received the control diet
and green tea 1 h after the start of the dark phase; the LPHGD group, which received the
high-glucose diet and green tea 1 h after the start of the light phase; and the DPHGD group,
which received the high-glucose diet and green tea 1 h after the start of the dark phase. A
minimum of 5 animals per group was chosen to enable statistical analysis. Aqueous green
tea extract was prepared by adding 1 L distilled water to 200 g powdered plant material in a
2.5-L glass flask and then boiling for 20 min. The solution was subsequently filtered using
filter paper, and aliquots were made from the filtrate. They were kept at 4°C for 3 to 4 days
until use. Treatment with aqueous green tea extracts (0.2 g⋅kg-1⋅day-1) was performed for 20
days via gavage. Dosage and concentration of green tea extracts were calculated according
to Valenzuela (2004) and Khan and Mukhtar (2007).
At the end of the experimental period, the animals were euthanized, and the tissues
(liver, WAT, and ovaries) were collected and prepared for specific analysis.
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Adipose tissue: histological sections
WAT located in the abdominal cavity was used in this analysis. WAT fragments were
fixed in 10% buffered formalin for 24 h and embedded in paraffin. Histological sections of 3
µm were obtained in microtome Leica RM 2145 and submitted to hematoxylin-eosin (HE)
staining. The number and area of adipocytes were measured in 5 histological sections per
animal. Ten images were taken of each section. All images were obtained using a Nikon Eclipse
80i microscope with Image-Pro® Plus, version 5.1.2 for Windows XP Media Cybernetics, Inc.
All measures were taken using Image J - Image Processing and Analysis in Java, Version 1.40
(http://rsb.info.nih.gov/ij/).

Total protein extraction and immunoblotting
Medial fragments of the larger lobe of the liver, WAT located in the abdominal cavity
fragments as well as both ovaries per animal (~100 mg each) were homogenized in 1000 µL RIPA
buffer containing inhibitors (1 M NaF, complete protease cocktail inhibitor, and 0.1 M PMSF).
Next, the product was centrifuged at 14,000 g for 15 min at 4°C. The supernatant was removed
after centrifugation. The total extracted proteins were quantified using the NanoDrop 2000
spectrophotometer (Thermo Scientific®). The proteins were diluted in RIPA buffer with inhibitors to
homogenize the quantities. They were then diluted in Laemmli buffer and stored at -20°C until use.
For the immunoblot assay, approximately 25 µg protein obtained from a pool of protein
extracts from each animal was separated on 10% SDS-polyacrylamide gel and transferred to
a PVDF membrane using electroblotting. Next, the membranes were washed in PBST and
incubated for 1 h at room temperature in 5% nonfat milk/PBST to block non-specific staining.
After incubation, the membranes were again washed in PBST and incubated with the antifibrillarin [38F3] primary antibody ab4566 at 1:2000, the LXRaβ (H-7) antibody sc-377260 at
1:500 (Santa Cruz Biotechnology), and the T5168 anti-α-Tubulin antibody at 1:10,000 (SigmaAldrich), all of which were diluted in 5% nonfat milk/PBST and incubated overnight at 4°C.
After incubation with the primary antibodies, the membranes were again washed in
PBST and were then incubated with a secondary antibody (HRP Rabbit anti-mouse-Invitrogen
616520) at 1:4000. The antibody was diluted in 5% nonfat milk/PBST, and incubation took
place for 1 h at room temperature. Finally, the membranes were washed in PBST and dried,
and the images were quantified.

Statistical analysis
Normal distribution of the dataset was tested using skewness and kurtosis analysis
(Ha and Ha, 2007), and variance homogeneity was tested using the F max test (Zar, 1999). The
Kruskal-Wallis H test was chosen to analyze variations in body weight, glycemia, and food
consumption in the 3 first weeks of the experiment (without green tea intake) compared to the
3 last weeks of the experiment (with green tea intake) among the four groups (LPCD, LPHGD,
DPCD, and DPHGD.) Kruskal-Wallis ANOVA was used to evaluate variations in the number
and size of adipocytes among the four groups at the end of the experimental period. The
sizes of the bands detected by Western blot performed to determine the presence of LXRaβ,
fibrillarin, and tubulin in the liver, WAT, and ovaries were compared between the four groups
using Kruskal-Wallis ANOVA.
Genetics and Molecular Research 16 (2): gmr16029605

R.P. Amorim et al.

6

Statistical analyses were performed according to Zar (1999) using the StatSoft, Inc.
software (2011) and the STATISTICA data analysis software system, version 10. Findings
were considered statistically significant when P ≤ 0.05.

RESULTS
Body weight
Body weight was measured weekly before and after the green tea extract treatment.
Means were compared every week before the green tea treatment (weeks 1, 2, and 3) and every
week after the green tea treatment (weeks 4, 5, and 6), and the results are shown in Figure 1A,
B, C, and D.
Figure 1A and B show a decrease in body weight after the treatment with green tea
extracts in the groups whose green tea was administered in the light phase of the day in both
the regular and the high-glucose diet groups. Groups whose green tea was administered in the
dark phase of the day exhibited no difference in body weight after the short-term treatment
(Figure 1C and D).

Figure 1. Weekly variation of body weight (g) in the four experimental groups before and after the treatment with
green tea. A. and B. LPCD group = received the control diet and green tea 1 h after the start of the light phase;
DPCD group = received the control diet and green tea 1 h after the start of the dark phase. C. and D. LPHGD group
= received the high-glucose diet and green tea 1 h after the start of the light phase; DPHGD group = received the
high-glucose diet and green tea 1 h after the start of the dark phase.
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Glucose levels
Glucose levels were measured weekly before and after treatment with green extracts.
Means were compared every week before treatment (weeks 1, 2 and 3) and every week after
treatment (weeks 4, 5, and 6). The effects of the green tea treatment on blood glucose levels
are shown in Figure 2A, B, C, and D.
High variability in glucose levels was observed over the course of the experimental
period. Although there was a decrease in glucose levels in DPCD and DPHGD groups in the
second week after the green tea treatment (week 5), the same results did not persist into the
third week (week 6) (Figure 2C and D).

Figure 2. Weekly variation of circulating glucose levels (mg/dL) in the four experimental groups before and after
the treatment with green tea. For group descriptions, see legend to Figure 1.

Food intake
Food intake was measured daily before and after the green tea extract treatment. The
mean quantities of food consumed were compared every week before the green tea treatment
(weeks 1, 2, and 3) and every week after treatment (weeks 4, 5, and 6), and the results are
shown in Figure 3A, B, C, and D.
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All groups were found to decrease the amount of food ingested after the green tea
treatment (Figure 3A, B, C, and D).

Figure 3. Weekly variation of food intake (g) in the four experimental groups before and after the treatment with
green tea. For group descriptions, see legend to Figure 1.

Size and number of adipocytes in the abdominal WAT
Animals from the DPHGD group exhibited larger adipocytes when compared to
adipocytes from animals in the LPCD group (P = 0.0488). There were no other significant
differences in adipocyte size among the groups (Figure 4).
As Figure 5 shows, no statistical differences were detected when the quantities of
adipocytes were compared among the groups after the green tea treatment (P = 0.0695). The data
on the adipocytes in the WAT of animals from each experimental group can be found in Figure 6.
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Figure 4. Mean area (nm2) of the adipocytes of animals from each experimental group after the 3-week period of
treatment with green tea. For group descriptions, see legend to Figure 1.

Figure 5. Mean number of the adipocytes of animals from each experimental group after the 3-week treatment
period with green tea. For group descriptions, see legend to Figure 1.
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Figure 6. Micrographs showing the adipocytes of animals of each experimental group. For group descriptions, see
legend to Figure 1.

Expression of the LXRaβ receptor and fibrillarin in the liver, WAT, and ovaries
Higher LXRaβ quantities were observed in the livers of animals from the LPCD and
DPHGD groups (Figure 7). The same variation was not observed in the WAT (Figure 8). There
was no difference in the extent of nucleolar protein fibrillarin expression among the groups in
any of these tissues (Figures 7 and 8).

Figure 7. Expression of the LXRaβ receptor and the nucleolar protein fibrillarin in the liver of animals of each
experimental group after the 3-week period of treatment with green tea. Tubulin expression was used as a reaction
control. For group descriptions, see legend to Figure 1.
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Figure 8. Expression of the LXRaβ receptor and the nucleolar protein fibrillarin in the white adipose tissue of
animals of each experimental group after the 3-week period of treatment with green tea. Tubulin expression was
used as a reaction control. For group descriptions, see legend to Figure 1.

Higher LXRaβ expression and nucleolar protein fibrillarin levels were observed in the
ovaries of the LPHGD and DPCD groups, which were kept under different food conditions
and which received green tea at different times (Figure 9).

Figure 9. Expression of the LXRaβ receptor and the nucleolar protein fibrillarin in the ovaries of animals of each
experimental group after the 3-week period of treatment with green tea. Tubulin expression was used as a reaction
control. For group descriptions, see legend to Figure 1.
Genetics and Molecular Research 16 (2): gmr16029605
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A complete summary of the results of this study can be found in Table 1.
Table 1. Summary of the results contained in this study.
Variables
Body weight
Glycemia
Food consumption
Adipocyte area
Adipocyte number
LXR liver expression
LXR adipose tissue expression
LXR ovary expression
Fibrillarin liver expression
Fibrillarin adipose tissue expression
Fibrillarin ovary expression

LPCD
*
=
*
*
=
*
=
=
=
=
=

Experimental groups
LPHGD
DPCD
=
*
=
?
*
*
=
=
=
=
=
=
=
=
*
*
=
=
=
=
*
*

DPHGD
=
?
*
*
=
*
=
=
=
=
=

Data on weight, glucose levels, and food intake were obtained before and after
treatment with green tea and are shaded in gray. All other data were collected only at the
end of the experimental period of treatment with green tea. Asterisks represent changes with
statistically significant differences. For group descriptions, see legend to Figure 1.

DISCUSSION
Evaluation of the general physiological parameters
In this study, the animals that received the oral administration of aqueous Camellia
sinensis (green tea) extract for 20 days in the light phase of the day exhibited significant weight
loss, regardless of their diet (regular versus high glucose). Recent literature has demonstrated
these effects of green tea extracts (composed primarily of caffeine and catechins) on body
weight maintenance through the activation of energy expenditure, fat oxidation, and the
preservation of fat-free body mass (Janssens et al., 2016).
Caffeine and catechins, which are two of the main components of aqueous green tea
extracts, possess the ability to amplify the pathways that act upon the activation of noradrenaline,
which has a positive effect on thermogenesis and which boosts energy expenditure when both
components are present (Türközü and Tek, 2017). Interestingly, the groups that exhibited a
reduction in body weight by the end of the short green tea administration period were only
those that received the extract in the light phase of the day (LPCD and LPHGD groups). This
finding indicates that the actions of the green tea components involved in the thermogenic
pathway are likely to occur through the expression of the genes involved in this mechanism,
which is controlled by circadian rhythms, regardless of nutritional conditions (Masri and
Sassone-Corsi, 2010). Some studies have reported that exercise also has an effect of increasing
thermogenic activity similar to that of the green tea components (Levy et al., 2016).
Overall, there was substantial variation in glucose levels over the course of the
experiment. This change may be explained by the short experimentation period and the lack of
control based on the animals’ genetic histories. Another interesting finding was the observation
that, in the second week of treatment, glucose levels declined in the groups that received green
tea in the dark phase of the day (DPCD and DPHGD groups), regardless of diet; however, the
results did not persist into the third week. The increase in circulating glucose levels triggers
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the process of insulin production and secretion by the beta cells of the pancreas so that insulin
may aid in the absorption of glucose by the muscles, adipose tissue, and liver, as well as in
the conversion of glucose into glycogen by these same organs and the reduction in glucose
production by the liver (National Institute of Diabetes and Digestive and Kidney Diseases,
2016; Storlien et al., 2016). In the current study, only the groups that received green tea in
the dark phase of the day exhibited a tendency toward lower blood glucose levels; therefore,
the production of insulin in response to glucose consumption may be affected by the green
tea components through the amplification of the insulin secretion pathways that are under
circadian control, as has been proposed in other studies such as Harfmann et al. (2016).
However, the increase in circulating glucose levels (even after 3 weeks of green tea treatment)
observed primarily in the DPHGD group may indicate that these elevated glucose index levels
resulting from this group’s diet may both inhibit the effects of green tea and cause a tendency
toward insulin resistance. The latter phenomenon may generate an overload for the pancreas,
which is a predisposing factor in the development of type 2 diabetes (National Institute of
Diabetes and Digestive and Kidney Diseases, 2016; Storlien et al., 2016).
Significant differences were also detected in food consumption in the periods before
and after the administration of C. sinensis in all of the experimental groups. Kao et al. (2000)
and Lamarao and Fialho (2009) have provided evidence that a green tea extract containing
25% EGCG may reduce appetite and increase the catabolism of fats. According to these same
authors, the effects of EGCG on endocrine parameters is explained by its secondary effect on
food intake, which is reflected in the decrease in circulating leptin in mice treated with this
catechin. This change is likely instigated by the reduction in stored fat that occurs through
the decreased food intake. Although the role that the circadian rhythm plays in food intake
behavior and in maintaining metabolism is widely recognized (Almoosawi et al., 2016), the
mechanisms by which green tea regulates food intake do not seem to be governed by circadian
rhythms: in the current study, all groups exhibited lower food intake, regardless of the type of
diet or the time at which green tea was consumed.

LXRaβ and nucleolar protein fibrillarin expression in the liver, WAT, and ovaries
Changes in LXRaβ expression were observed only in the liver and ovarian tissues from
the different experimental groups. The LPCD and DPHGD groups exhibited greater LXRaβ
expression in the liver and lower LXRaβ expression in the ovary relative to the LPHGD and
DPCD groups, which exhibited an opposite pattern (lower expression in the liver and higher
expression in the ovaries).
LXR is a protein responsible for protecting cells from cholesterol overload, thus
stimulating the expression of cholesterol-transporting enzymes and their conversion into
biliary acids and biliary excretion (Bełtowski and Semczuk, 2010). LXR also participates in
the anti-inflammatory mechanisms of certain cell types, since it acts as an anti-inflammatory
response modulator and upon the metabolism of lipids on macrophages and can thus help to
reduce the inflammation associated with obesity (Yoo et al., 2011).
In an experiment involving the administration of estradiol-17β (E2) in mice that did
not express estrogen α receptors (ERα KO mice), Han et al. (2014) demonstrated that the
administration of E2 reduces the expression of the sterol- regulatory element-binding protein
(SREBP-1) and induces the accumulation of triglycerides in the liver in the activation of
LXR through a nonclassical pathway in this tissue. The current experiment showed that the
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LPHGD and DPCD groups exhibited lower LXR levels in the liver and, as a consequence, a
lower accumulation of triglycerides in the organ. Interestingly, these same groups exhibited
high levels of LXR in the ovarian tissue. LXR activates lipogenesis by increasing SREBP-1
expression which, in turn, controls key genes involved in the biosynthesis of fatty acids and
thus contributes both to the progression of gametogenesis and to steroidogenesis in the gonads
(Horton et al., 2002). Thus, high LXR expression in the ovaries of the LPHGD and DPCD
groups may favor the physiology of the gonads of the animals in these experimental groups.
Fibrillarin (also known as B36) is found in the fibrillar center (FC) and the dense
fibrillar component (DFC) of the nucleolus. This protein is part of the box C/D and H/ACA
snoRNP complexes of this nuclear compartment. The box C/D and H/ACA snoRNP complexes
are responsible for processing pre-RNArs through post-transcriptional modifications,
methylation-2’-O and pseudouridylation (review by Morimoto and Boerkoel, 2013).
The presence of active nucleoli is necessary for both ribosome production and the
control of cell proliferation and survival (Carmo-Fonseca et al., 2000). Therefore, nucleolar
activity is indispensable in ovarian follicular proliferation, which enables female reproductive
activity (Morimoto and Boerkoel, 2013). It is important to note that the groups with the highest
LXR expression in the ovaries were also the groups that had the highest fibrillarin expression
in this tissue. This finding indicates that this increase in nucleolar activity may contribute to the
overall increase in protein synthesis in ovarian tissue, and may even contribute to the increases
in the expression of ERα and SREBP-1, proteins that play important roles in reproduction, in
the control of food intake, and in the metabolism of glucose and lipids (Faulds et al., 2012).
The analysis of fibrillarin expression in the liver and adipose tissue demonstrated
that there was no association between food quality and the period in which green tea was
administered since all groups exhibited the same amount of fibrillarin. Classic studies have
shown that the structural organization and activity of the nucleolus are controlled by circadian
rhythms in certain cell types (Seïte and Pebusque, 1985). The results of the current study
provide evidence that the components of green tea studied herein have no effect on this
pathway, regardless of diet or the time of day the green tea extract was consumed.

Physiology of the liver and adipose tissue and the structural organization of adipose
tissue in the groups fed a high-glucose diet
Adipocytes do not only accumulate lipids, they also play an important role in
controlling energy expenditure through the release of a series of adipokines (Al-Daghri et al.,
2015). There are two main types of adipose tissue: WAT, which is involved in the accumulation
of triglycerides and the increase of which may lead to obesity; and brown adipose tissue, which
metabolizes fatty acids to maintain body temperature (Cannon and Nedergaard, 2004). It is
important to note that the imbalance in energy homeostasis has led to a substantial increase
in obesity around the world and that obesity is frequently associated with the development
of other metabolic syndromes, such as diabetes and hypertension (Lin, 2015). In the current
experimental model, there were two groups that received the high-glucose diet and green
tea, one group that received the green tea extract in the light phase of the day (the LPHGD
group), and a third that received the extract in the dark phase of the day (the DPHGD group).
The LPHGD group exhibited low LXR expression in the liver, which likely resulted in low
triglyceride accumulation in the organ; this group also exhibited WAT with relatively low
LXR expression.
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The association between the molecules involved in lipid metabolism (such as the LXR
receptor) and the consumption of glucose-rich diets is relevant in our experimental model
since lipid metabolism and glucose metabolism are intrinsically related and both are regulated
by the liver (Parhofer, 2015). Furthermore, it is well known that diabetes patients frequently
experience cases of dyslipidemia characterized by an increase in triglycerides, low HDL-C,
and high LDL (Wu and Parhofer, 2014). By offering glucose-rich foods to the mice in the highglucose groups in this experimental model, we simulated the dyslipidemia situation observed
in human diabetic patients. The animals in the LPHGD group exhibited a good response to
this condition; however, given the low expression of LXR in their livers, they likely did not
exhibit high triglyceride levels.
In an experiment with mice that were heterozygous for the eukaryotic translation
initiation factor 6 (eIF6) gene, which controls translation and initiation factors, Gandin et
al. (2008) found that a reduction in the ribosome biogenesis and in the indices of translation
led to a reduction in adipose tissue mass; this reduction is associated with a decrease in the
rate of cell proliferation. Between the groups fed with the high-glucose diet in the current
experimental model, the LPHGD group was found to follow this pattern. The mice maintained
low fibrillarin expression in adipose tissue, which indicates low nucleolar activity and low
ribosome biogenesis. They also presented a smaller area of adipocytes when compared to the
DPHGD group.
In conclusion, food quality and the time of the day when Camellia sinensis was
administered were found to have different effects on metabolic physiology. Between the
groups that received a high-glucose diet, the LPHGD group most clearly exhibited the
expected protective effect after the consumption of this extract: the mice in this group exhibited
decreases in both body weight and food consumption, as well as low LXRaβ levels in the liver
and high LXRaβ and fibrillarin levels in the ovaries.
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