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ABSTRACT

This study compared the effects of three different types of diets (regular diet, high in sugar diet and
high in sugar plus whey protein isolate supplementation diet) in mice. After 3 months, gene
expression in liver and in adipose tissue was measured. We found that diets influenced in gene
expression, but not supplementation. However, supplementation showed an anorectic effect, and
protected animals from hepatic steatosis. In addition, the diets did not influence the myeloperoxidase
activity in the adipose tissue, showing little influence on the infiltration of white cells in this tissue.

Key-words: De novo lipogenesis, Whey protein isolate, ChREBP.

RESUMO

Este estudo comparou os efeitos de trés tipos diferentes de dietas (dieta regular, alta em acucar e alta
em acgUcar mais proteina isolada de soro de leite) em ratos. Apos 3 meses, a expressao génica no
figado e no tecido adiposo foi medida. Constatamos que as dietas influenciaram na expressédo génica,
mas ndo na suplementacdo. Entretanto, a suplementacdo mostrou um efeito anorético, e protegeu os
animais da esteatose hepatica. Além disso, as dietas ndo influenciaram a atividade da mieloperoxidase
no tecido adiposo, mostrando pouca influéncia sobre a infiltracdo de células brancas neste tecido.

Palavras-chave: De novo lipogénese, Whey protein isolate, ChREBP.
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1 INTRODUCTION

How nutrition influences the regulation of metabolic pathways through modulation of gene
expression, and how this regulation affects the development of diseases, are topics increasingly
studied and of great interest today (Tucker et al., 2015).

One of the energy metabolism pathways is de novo lipogenesis (DNL), which generates lipids
primarily from glucose. In obese individuals, DNL is deficient in white adipose tissue (WAT) because
adipocytes are resistant to glucose uptake, mainly due to reduced glucose transporter 4 (Glut4)
translocation (Tang et al., 2016). However, hepatic DNL is increased in obese individuals, potentially
generating fat accumulation and lipotoxicity. Interestingly, according to(Cao et al., 2008), increased
DNL in WAT is capable of suppressing hepatic DNL. Lipotoxicity is also seen in adipose tissue of
obese individuals, and is marked by an increase in immune cell infiltration, such as neutrophils, which
can be identified through the enzymatic activity of myeloperoxidase (Dam et al., 2016; Zhang et al.,
2014).

It is proposed that, at least in part, mMTORC2 promotes the expression of Chrebps and DNL
by controlling the entry of glucose into cell (Tang et al., 2016). It has been demonstrated by (Tato et
al., 2011) that in vitro cell stimulation with a mixture of essential amino acids, non-essential amino
acids and L-glutamine, triggers the phosphorylation of Aktserine 473 via mTORC2/PI3K class I,
revealing for the first time the stimulation of mTORC2 by amino acids. Considering that DNL is
mainly coordinated by the isoforms of the transcription factor ChREBP (alfa and beta), which binds
in its DNA response element and activates the expression of genes that favor lipogenesis (Nelson et
al., 2014), we hypothesized that the use of whey protein isolate can modulate the activity of mTORC2,
which controls Chrebp expression.

Thus, the goal of this work was to investigate whether whey protein isolate consumption is
capable of modulating the Chrebpo. and S expression in liver and adipose tissue of mice and also to
influence other related physiological responses, such as consumption, myeloperoxidase enzymatic

activity (MPQ) and hepatic steatosis development.

2 MATERIALS AND METHODS
2.1 EXPERIMENTAL DESIGN AND DIETS

For this experiment, we used as a reference the Guide for the Care and Use of Laboratory
Animals and Institute for Laboratory Animal Research (U.S.) (2011). The experiment was approved
by the Ethics Committee on the Use of Animals, Biological Sciences Sector, Federal University of
Parana (protocol number 23075.006828/2018-31). Thirty male Mus musculus Swiss lineage mice, 3—

4 weeks old, were purchased from of the vivarium of the Federal University of Parana, Curitiba,
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Brazil. The animals had ad libitum access to food and water throughout the experiment (McAllan et
al., 2013) and were maintained at 23°C, with a 12 h light-12 h dark cycle (06.00-18.00 hours).

After a 1-week acclimatization period, during which the animals were fed a basal diet
(Presence® InVivo), the animals were randomly assigned to a group (n=10), which was defined
according to the diet: basal diet (BD), a high refined carbohydrate-containing diet (HC) or a high
refined carbohydrate-containing diet with whey protein isolate (WHC) (Table 1). The animals were
submitted to these diets for 12 weeks.

The diets were characterized as follows: 1) the basal diet (BD; normocaloric and
normoglycidic) (Presence® InVivo); 2) the high refined carbohydrate-containing diet based on the
diet of Oliveira et al. (2013) (HC: 45% energy as condensed milk (Nestle®) consisted of 10% energy
as sucrose (Caravelas®); 45% energy as basal diet (Presence®) and 3) the high refined carbohydrate-
containing diet with whey protein isolate (WHC; 45% energy as condensed milk; 10% energy as
sucrose; 45% energy as basal diet + 15.74g of WPI (BlackSkull). The nutritional information of the
diets can be seen in table 01.

Table 1. Nutritional table of the diets containing the amounts of energy, carbohydrates, proteins, fats and fibers.

BD HC WHC

Energy (Kcal) 314 3253 337,17
Carbohydrates (2) | 46.5 55.68 48.00
Proteins (g) 23 13.5 23.40
Total fat (g) 4 5.4 525
Dietary Fiber (g) 5 2.25 1.94

Basal diet (BD); High refined carbohydrate-containing diet (HC); High refined carbohydrate-containing diet with whey
protein isolate (WHC).

HC: 45% condensed milk; 10% sucrose; 45% basal diet

WHC: 45% condensed milk; 10% sucrose; 45% basal diet + 15,74g of WPI.

2.2 ENERGY INTAKE AND WEIGHT MEASUREMENTS

During the experiment mice were weighted weekly. Mean energy intake was calculated based
on the amount of food consumed by each group daily during the study period. At week 12, blood was
collected through the tail vein to measure the glycemia of the animals using the AccuChek Performa
Kit (Roche®).

After blood collection, the animals were euthanized by cervical dislocation without the use of
anesthesia to avoid the influence of the drugs over gene expression (AL-MOUSAWI et al., 2010).
Samples of the perigonadal adipose tissue (WAT) and liver were collected and fixed in paraffin to
make histological slides, and parts of both tissues were stored in RNAlater (Thermo Fisher
Scientific®) at -80 °C according to the manufacturer instructions, for further RNA extraction and

retrotranscription.
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2.3 HISTOLOGICAL EVALUATION

Collected liver and adipose tissue samples were fixed in ALFAC solution (80% ethanol, 40%
formalin and glacial acetic acid). The tissues were then dehydrated, embedded in paraffin, and
sectioned into 5 um slices. Slices were hydrated in xylene and a descending sequence of ethanol, then
stained with hematoxylin and eosin. Fat accumulation in liver sections was observed according to
Brunt et al. (1999). To evaluate hepatic steatosis, slices were photographed at a magnification of 40x

with an Olympus microscope DX51 endowed with an Olympus DP72 camera.

2.4 MYELOPEROXIDASE (MPO) ENZYMATIC ACTIVITY ASSAY

As described by Mendes et al. (2012), the biopsies of adipose tissue with an average weight
of 40 milligrams had their MPO enzymatic activity determined colorimetrically using a plate reader
(EL808; BioTech Instruments, INC) set to measure absorbance at 630 nm and expressed as
OD/Biopsy.

2.5 QUANTIFICATION OF CHREBPA AND CHREBPB GENES EXPRESSION LEVELS

Total RNA was isolated from hepatic and perigonadal adipose tissues with mirVana™
PARIS™ Kit, according to the manufacturer instructions. The quantity of total RNA was estimated
by spectrophotometry (260nm), then the DNase | (DNase I, RNase-free, Thermo Scientific™) was
added. After that, the cDNA was obtained using the High-Capacity cDNA Reverse Transcription —
Applied Biosystems.
The gene expression levels were analyzed by quantitative real-time PCR assay (RT-gPCR) using
EvaGreen® gPCR System ROX Free Master kit (Biotium™) and a ROX reference dye (Thermo
Scientific™), performed in Viia 7™ Real Time PCR System equipment (AppliedBiosystems).The
primer sequences for RT-gPCR were the same described by (Herman et al., 2012). Three assays for
each sample (triplicate) were made and mean values were calculated. Data were obtained as Ct values
and were normalized to the expression of GAPDH (housekeeping gene) according to AACt = ACt

target gene - ACt housekeeping gene. The relative gene expression was calculated using 2- AACt.

2.6 STATISTICS

Data are shown as means and standard deviation (SD). The normality of the continuous data
was evaluated by the Kolmogorov-Smirnov test with Lilliefors correction and Shapiro-Wilk test.
Kruskal-Wallis test with post-hoc tests (Dunn test) were performed to compare the amount of
food/energy ingested and A weight between groups and also within groups between intervals of time.

The same test was applied to evaluate the gene expression levels between the groups. One-Way
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ANOVA was used to compare the glycemic means between the groups. Comparisons of gene
expression levels between tissues within each group were performed by Mann-Whitney U test.
Multivariable regression analysis, corrected for weight and when appropriated also for MPO activity

were performed. Statistical significance adopted was 5%.

3 RESULTS
3.1 ENERGY INTAKE AND BODY WEIGHT

It was possible to identify a particular pattern of food intake within the BD, HC and WHC
groups (Table 1). Animals in the BD group increased their food consumption between the intervals
of time A and B, and finished the experiment (9 to 12 week) with a higher energy intake compared
to the first interval of time (1-4 week). Regarding the HC group, there was no difference in the food
intake between the intervals of time A and B, however, the animals decreased their consumption in
the last period (9-12 week) compared to first (A) and second intervals of time (B), while the animals
in the WHC group decreased their consumption only in the last time range (9-12 week) compared to
second time range (B) (Table 1).

Comparing the food intake patterns between groups within the same time range (Table 1), we
observed that in the first period of experiment (A) the HC group showed the highest food intake. In
the middle of the experiment (5-8 week), HC and WHC groups became similar, as well as the HC
and BD group, and the BD group showed a higher consumption compared to WHC group. In the last
period of time, the HC and WHC remained similar, as well as the food intake remained higher in the
BD group compared to WHC, and, now, also higher compared to HC group (Table 1). At the end of
the experiment (12 weeks), the HC group consumed 17,860.59 Kcal, the BD group consumed
16,714.22 Kcal and the WHC group consumed 15,907.68 Kcal. Thus, the HC group consumed a total
of 1147.4 Kcal more than the BD group and 1952.9 Kcal more than the WHC group.
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Table 2: Average daily food intake (in grams and calories) and average A of the weight in each group in intervals of time

BD HC WHC
Week Food intake (g and A Weight Food intake (g and A Weight Food intake (g and AWeight
Kcal) (9) Kcal) (9) Kcal) (9)
10.15+2.68 5 §
A (1-4) 61.7£11.9%% § 73.6+9.5%F 10.35+1.47 56.5+7.9t 8.85%1.65
193.78+37.4*% 293.33+30.9%F 190.68+26.87
B (5-8) 73.2+12.8%F 3.8+1.388 71.3£13.3* 3.25+2.598 63.8+15,4*7 3.50+2.04%
229.97+40.3* 232.07+43.4* 215.25+51.9*
Clg) 70.5+10.3*% 2.7+1.278 58.8+8.6*F 3.17+2.58 55+10,4* 2.72+1.48
221.56+32.4%F 191.35+£51.9*7 185.26+35.2*7

BD: basal diet; HC: high refined carbohydrate-containing diet; WHC: high refined carbohydrate-containing diet with whey protein isolated; A Weight: delta weight (final weight

— initial weight in each interval of time).

Comparisons of food intake (g and Kcal) and A weight (g) in each groupbetweenintervals of time: *p-value <0.05BD: AxB/AXC, HC: AxC/BxC,WHC:BxC; Comparisons of
food intake (g and Kcal) and A weight (g) in each interval of time between groups: Tp-value <0.05 A: BDXHC/HCXWHC, B: BDXWHC, C: BDXHC/BDXWHC; $p-value <0.05

BD: AxB/AXC, HC: AxB/AxC/BxC, WHC: AxB/AXC; There were no differences in the Aweight between BD, HC and WHC groups.
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The gain of weight (A Weight: final average — initial average) in each group following
the same intervals of time are also available in the Table 1. Despite the differences observed in
the food intake between the groups, this did not reflect in a significant increase of animals
weight, since there was no difference in the A weight between groups in the same intervals of
time (p>0.05).Regarding the comparisons of A weight between the intervals of time within the
same group, it seemed to follow the energy intake patterns. In the BD group, the highest
animals’ weight increase occurred in the first period of time (A), compared to second (B) and
last period (C).The same could be observed in the HC and WHC groups, however, the HC group
reduced more the weight gain in the last interval of time (C), compared to the second interval
of time (B) (Table 1). Interestingly, there was no significant difference in blood glucose

between the groups at the end of the study (p = 0.285).

Figure 1: Median blood glucose between groups.
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4 CHREBPA AND CHREBPB GENE EXPRESSION LEVELS, HISTOLOGICAL
ANALYSIS AND MYELOPEROXIDASE ACTIVITY

Both, ChREBPo. and ChREBP/ gene expression levels in the adipose tissue were higher
in the BD group compared to WHC group (p= 0.0002 and 0.008, respectively), and also
comparing BD and HC groups regarding ChREBP« expression levels (p=0.04). In the liver
tissue, only ChREBPa expression levels were higher in BD group compared to HC group
(p=0.03)(Figure 1). When the analysis were corrected for weight and myeloperoxidase activity,
the dietary pattern was responsible for 33% of the variation in CAREBPa. expression levels and
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for 39% of the variation in ChAREBPp expression levels in the adipose tissue (p=0.003; p=0.001,
respectively).Corrected for weight, the dietary pattern did not influence de CAREBPa and
ChREBP/ expression levels in the liver tissue (p>0.05).
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Comparisons of the gene expression levels between adipose and liver tissues were also
made in each group. It was possible to observe that in the BD group the average of CAREBPa
gene expression levels was higher in the adipose tissue compared to liver (p=0.01), while in the
WHC group was observed the opposite: CAREBPa gene expression levels were higher in the
liver compared to adipose tissue (p=0.002). Regarding the CAREBPf gene expression levels,
HC and WHC groups showed higher expression levels in the liver compared to adipose tissue
(p=0.001; p=0.003, respectively).

The myeloperoxidase enzymatic activity in the adipose tissue was similar between BD,
HC and WHC groups (p=0.52). The WHC group did not develop hepatic steatosis, while the
HC group developed it(Figure 2).
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5 DISCUSSION

The food intake in grams and Kcal was measured to evaluate if any of the diets would
have power to generate greater satiety. It is know that a high-protein diet can increase satiety
(Westerterp-Plantenga et al., 2012). Moreover, a diet rich in whey protein and its fractions is
able to increase the satiety of obese rats in part by enhancing the expression of the mRNAs of
peptide YY (PYY) in the colon and plasma of the animals, generating an anorectic effect
(Zapata et al., 2018). Interestingly, although the diets of the BD and WHC groups had
practically the same amount of protein per serving, in the first six weeks of the experiment the
WHC group consumed on average 205 Kcal less than the BD group and averaged 807 Kcal less
at the end of the experiment. Therefore, it is believed that even though the WHC diet was
palatable, the anorectic influence of whey protein generated lower energy consumption in this
group. This effect can be confirmed by the fact that the lack of whey protein in the HC group
generated an average increase in consumption of 1652 Kcal in the first six weeks and 1550 Kcal
at the end of the study, in relation to BD and WHC groups. However, it is important to note that
the HC diet had a smaller dose of protein per serving than that of the BD and WHC groups.

As shown in table 2, the food and energy consumption during the study period had
interesting fluctuations. The consumption of food and energy was higher in the HC group
during the first 4 weeks of study, probably due to the high palatability of the diet in relation to
the others (Denis et al., 2015), but this difference was ablated in the subsequent weeks of the
study, probably due to the phenomenon of sensory specific satiety (SSS), which describes the
decline in pleasantness associated with a food as it is eaten relative to a food that has not been
eaten before (Wilkinson and Brunstrom, 2016). In other words, they probably "got sick™ of the
diet.

In adipose tissue, gene expression of both isoforms was significantly higher in the
control group compared to the two treated groups. This shows that a diet low in refined sugar
actually favors DNL in this tissue. However, we found no significant differences in gene
expression between the treated groups (HC and WHC). So, it seems, supplementation with WPI
was not able to compensate the effects of refined sugar and maintain gene expression more
similar to the BD group.

We believe that in the HC and WHC groups there was a greater abundance of glucose
in the liver compared to the BD group, partially due to the higher expression of Chrebpo. (BD
X WHC) and Chrebpf (BD x HC and WHC) in livers compared to adipose tissue. There was a
probable reduced glucose uptake in the adipose tissue of the animals of HC and WHC groups

mainly inferred by the lower expression of Chrebpf3, which according to (Abdul-Wahed et al.,
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2017) is most directly influenced by the concentration of glucose. There was no significant
difference in the mean serum glucose from the groups at the end of the experiment, but most
likely there were insulin variations (unmeasured data), corroborating the findings of (Oliveira
et al., 2013), and insulin resistance is predicted to reduce the entry of glucose into adipose
tissue, as it depends on GLUT-4.

Interestingly, although the WHC group also consumed a diet rich in sucrose and has
shown a gene expression similar to the HC group, there was no development of hepatic steatosis
in this group. At least two possibilities may be considered to explain this positive result in the
WHC group. The first, is that WPI supplementation led to a better utilization of glucose in the
hepatocytes, through anti-inflammatory mechanisms and improvement of insulin sensitivity
(GO et al., 2018; McAllan et al., 2013). The second is that the caloric restriction per se
generated a reduction in glucose uptake in hepatocytes due to the lower availability by the food
consumption itself, generating a less lipogenic environment. However, it is most likely that
these two conditions worked together.

A limiting factor of our work was that the lineage of mice used was heterogenetic, which
may have generated a different responsiveness among individuals due to variations in their
different genotypic constellation and consequently differentiated responsiveness to the same

treatment.

6 CONCLUSIONS

We demonstrate that the use of a high refined carbohydrate-containing diet can
influence gene expression in the liver and in the adipose tissue of mice, but not supplementation
with WPI. Supplementation of whey protein isolate with caloric restriction appears to protect
the liver of animals against the development of fatty liver disease, even with the consumption
of a high refined carbohydrate-containing diet. In addition, whey protein isolate

supplementation appears to have an anorectic effect in mice.
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