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Abstract

The main goal of the present study was to evaluate the metabolic profile, inflammatory markers and the gene expression of the renin–angiotensin system
(RAS) components in the visceral adipose tissue of eutrophic, obese and malnourished individuals and mice models of obesity and food restriction. Male Swiss
mice were divided into eight groups and fed different levels of food restriction (20%, 40%, or 60%) using standard or high-fat diet. Metabolic profile and adipose
tissues were assessed. The expression of AGT (Angiotensinogen), ACE (Angiotensin-converting enzyme), ACE2 (Angiotensin-converting enzyme 2), interleukin-6
(IL-6) and tumor necrosis factor-alpha (TNF-α) in the mice epididymal adipose tissue and the human visceral adipose tissue was assessed. The main findings
showed reduced body weight, improved metabolism, decreased adipose tissues weight and reduced adipocyte area in mice submitted to food restriction.
Diminished expression of IL-6, TNF-α, AGT, AT1 and ACE was detected in the 20% and 40% food restriction animal groups, although they were increased in the
60% malnourished group. Increased expression of IL-6, TNF-α, AGT and ACE in obese and malnourished individuals was observed. Adipocytes size was increased
in obese individuals and reduced in malnutrition. In conclusion, we found that food restriction of 20% and 40% improved the metabolic profile, ameliorated the
inflammatory status and down-regulated the RAS in mice. Severe 60% food restriction (malnutrition), however, stimulated a proinflammatory state and
increased AGT and ACE expression in the adipose tissue of mice. A similar profile was observed in the adipose tissue of obese and malnourished humans,
supporting the critical role of inflammation and RAS as mediators of metabolic disorders.
© 2017 Elsevier Inc. All rights reserved.
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1. Introduction

The increasing prevalence of obesity [1,2] is a matter of great
concern worldwide. Obesity is considered a risk factor for cardiovas-
cular diseases, and it is one of the key features of the metabolic
syndrome (MetS) [3]. The main comorbidities of MetS include
hypertension, dyslipidemia, stroke, type 2 diabetes mellitus and
some types of cancer [4]. Obesity is characterized by the accumulation
of body fat resulting from an imbalance between food intake and
energy expenditure [3,5]. Recently, obesity has been described as a
proinflammatory state associated with elevation of tissue and
circulating levels of proinflammatory enzymes, procoagulant factors,
cytokines and chemokines, demonstrating that the adipose tissue
modulates not only its biology but also the reproductive andendocrine
systems, immunity, inflammation and insulin sensitivity [6]. There are
evidence suggesting that the white adipose tissue (WAT) becomes
hypertrophied due to macrophage infiltration that secretes proin-
flammatory cytokines, including tumor necrosis factor-alpha (TNF-α)
and some interleukins, such as interleukin-6 (IL-6) [7].

A growing number of studies describe the importance of the renin–
angiotensin system (RAS) in regulating the metabolism and the
development of cardiovascular and inflammatory diseases [8–10].
Various components of the RAS have been identified in the adipose
tissue [11]. Recent studies have shown that RAS significantly
modulates the metabolism and endocrine function of adipocytes
[12]. Further RAS components may be modulated according to
different obesity degrees [13].

Caloric restriction, on the other hand, is characterized by a low-
caloric diet regimen without causing malnutrition. Experimental
studies in rodents and rhesus monkeys showed that partial caloric
restriction increases longevity and prevents or delays the occurrence
of chronic diseases such as diabetes, atherosclerosis, cardiomyopathy,
tumors, autoimmune diseases, and renal and respiratory problems
[14–19]. Some evidence have shown that themaximumpositive effect
occurs with restrictions of 55% to 60% compared to baseline intake
[20,21]. Clinical studies further showed that weight loss diminishes
the inflammatory status in obesity and subsequent comorbidities by
decreasing the number of circulating inflammatory molecules [22].
However, a significant loss in body weight can induce a state of
malnutrition. Malnourished individuals may present inflammatory,
hypermetabolic and hypercatabolic conditions, in addition to reduced
albumin levels [23–26].

We, therefore, hypothesize that different levels of food restriction,
associated or not with a high-fat diet, may differently modulate
adipose tissue inflammatory state and RAS regulation, preventing
metabolic alterations as observed in obesity. Thus, the purpose of the
present study was to evaluate the metabolic profile and expression of
inflammatory markers and RAS components in adipose tissue of mice
submitted to different food restriction degrees and to validate such
profile in the visceral adipose tissue of eutrophic, obese and
malnourished humans.

2. Methods

2.1. Animal study

The experimentwas conductedwith 64 Swiss mice (male, 4 weeks
old) divided into 8 groups (n=8 each) and fed with the following
respective experimental diets for 8 weeks. The groups were divided
into the following: standard diet (ST) ad libitum, ST-20% food
restriction, ST-40% food restriction, ST-60% food restriction, high-fat
diet (HFD) ad libitum, HFD-20% food restriction, HFD-40% food
restriction and HFD-60% food restriction. All procedures performed
in studies involving animals were in accordance with the ethical
standards of the institution (CEEBEA - Universidade Estadual de
Montes Claros). The animals were maintained under controlled light
and temperature conditions.
2.2. Food restriction protocol and diet

The mice groups fed with standard and high-fat diet given ad
libitum had their food intake measured on a daily basis. From the food
intake of these groups, the food restriction of 20%, 40% and 60% was
then calculated. Standard diet (Purina; Labina) used for regular mice
maintenance is composed of 66% carbohydrate, 23% protein and 11%
fat, representing a total of 3.95 kcal per 1 g of diet. Thehigh-fat dietwas
composed of cornstarch (40.57%), casein (14%), dextrinized starch
(15.5%), sucrose (10%), soybean oil (10%), cellulose fiber (5%), mineral
mix AIN-93M (3.5%), vitamin mix AIN-93 (1%), L-cysteine (0.18%),
choline bitartrate (0.25%) and tert-butylhydroquinone (0.0008%),
(24% of carbohydrate, 15% of protein, and 61% of fat), representing a
total of 5.28 kcal per 1 g of diet [27]. The high-fat diet was prepared
according to the standards of the Official Analytical Chemists Association
as described previously [28,29]. All of the high-fat diet components were
purchased from Rhoster LTDA (São Paulo, SP, Brazil).
2.3. Glucose tolerance and insulin sensitivity tests (GTT and IST)

For the GTT, D-glucose (2 mg/g of body weight) was intraperito-
neally injected into overnight-fasted mice. Glucose levels from tail
blood samples were monitored at 0, 15, 30, 60 and 120 min after
injection. ISTs were performed with the animals in the fed state after
intraperitoneal injection of insulin (0.75 U/kg body weight), where
tail's blood samples were taken at the time points 0, 15, 30 and 60min
after injection for the measurement of blood glucose levels.
2.4. Measurements of body weight, food intake and tissue collection

Food intake and body weight in mice were measured every day
during the treatment period. Overnight-fasted mice were killed by
decapitation and blood, and WAT (epididymal, retroperitoneal and
mesenteric) sampleswere collected,weighedand frozen indry ice and
stored at −80°C for posterior analysis.
2.5. Human study

Samples of the visceral adipose tissuewere collected from patients
divided into the following groups: control group (eutrophic patients
group), obese patients group and malnourished patients group. The
control group was composed of adult patients, clinically healthy, who
submitted to abdominal surgical procedures due to esthetic reasons.
The obese patients were selected during the screening procedure for
bariatric surgery. The bariatric procedures consisted of Roux-en-Y
gastric bypass, and the biopsies of the WAT were performed during
surgery. Malnourished patients (being excluded patients with cancer
in this study) composed the third group. All malnourished patients
were categorized using previous criteria. The biopsies were obtained
during gastrointestinal surgery. During the surgeries, samples of
visceral WAT and serum were collected, immediately frozen and
stored at −80°C. Additional information of the individuals is
presented in Table 1. All procedures performed in studies involving
human participants were in agreement with the ethical standards of
the institutional committee (Plataforma Brazil, 85742/13-07-2012)
and with the 1964 Helsinki declaration and its later amendments or
comparable ethical standards. Informed consentwas obtained fromall
individual participants included in the study.



Table 1
Characterization of the individuals included in the study

Eutrophic Obese Malnourished

Age (mean/S.D.) 50.01±16.42 41.55±12.44 72.14±8.03
Sex (n)

Female 11 18 3
Male 8 3 11

Marital status (n)
Married 12 13 3
Single 6 4 1
Other 2 4 9
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2.6. Determination of blood measurements

Serum samples were obtained after centrifugation (4000×g for 7
min at 4°C). Total serum cholesterol, triglycerides, high-density
protein (HDL), glucose and albumin were assayed using enzymatic
kits (Wiener, Argentina). Measurements were made in Wiener BT-
3000 Plus Chemistry Analyzer (Wiener, Argentina).

2.7. Reverse transcription and real-time polymerase chain reaction
(RT-PCR)

Total RNA from the epididymal adipose tissue (Swiss mice) and
visceral adipose tissue (human) samples was prepared using TRIzol
reagent (Invitrogen Corp., San Diego, CA, USA), treated with DNAse
and reverse transcribed withM-MLV (Invitrogen Corp.) using random
hexamer primers. Levels of AGT, ACE, ACE2, IL-6 (Interleukin 6) and
TNF-α mRNA were determined by RT-PCR using SYBR Green reagent
(Applied Biosystems, USA) in a PlusOne platform (Applied Biosys-
tems), with the following primers for mice: AGT, ACE, ACE2, AT1, IL-6,
TNF-α and the endogenous GAPDH and β-actin. The respective
primers sequences are found in the Supplementary Data. The relative
comparative CT method of Livak and Schmittgen [30] was applied to
compare gene expression levels between groups using the equation
2–ΔΔCT.

2.8. Hematoxylin and eosin staining

Epididymal adipose tissue samples frommice and visceral adipose
tissue samples from humans were fixed in 10% neutral-buffered
formalin at 4°C overnight; dehydrated through a graded alcohol series,
xylene and paraffin; and then embedded in paraffin. Sections of 5 μm
were prepared for H&E. Images (×10 ocular and ×40 objective lenses)
were captured with Evolution LC Color light camera (Media
Cybernetics, USA). A total area of 1.84 mm2, containing at least 100
fat cells for each sample, was measured using the Image-Pro Plus
Software (Media Cybernetics, Rockville, MD, USA).

2.9. Statistical analysis

All data were transferred to GraphPad Prism software (Version 5.0,
San Diego, California, USA) and analyzedwith 95% confidence (Pb.05).
Data are expressed as the mean±SEM. One-way analysis of variance
(ANOVA) followed by Bonferroni posttest assessed the statistical
significance of the differences in mean values between the mice and
humangroups. Two-wayANOVA tests followedby Bonferroni posttest
were applied to the data obtained from GST and IST.

3. Results

Food intake (Fig. 1A); energy intake (Fig. 1B); the body weight
(Fig. 1C and D); epididymal (Fig. 1E), retroperitoneal (Fig. 1F) and
mesenteric (Fig. 1G)WAT weights; and adipocyte area (Fig. 1H and I)
were reduced in mice fed a standard diet and submitted to food
restriction. For mice fed a high-fat diet, food intake; body weight;
epididymal, retroperitoneal and mesenteric adipose tissues weight;
and adipocyte surface area were also decreased in all groups under
restriction as compared to control (Fig. 2A–I).

The blood glucose levels were reduced in all groups submitted to
different levels of food restriction as compared to STgroup (Fig. 3AandB).
Also, a significant reduction of the blood glucose levels was observed in
the 60% food-restricted group compared to the group with 20% of food
restriction. In mice fed a high-fat diet, the IST evidenced reduced blood
glucose levels in the HFD-40% and HFD-60% groups as compared to HFD
(Fig. 3C). The GST (Fig. 3D) showed a reduction of the glucose levels in all
restricted groups when compared to its respective control group (HFD).

The glucose and triglyceride levels were shown to be reduced in all
restricted groups as compared to ST (Table 2). Additionally, a
significant reduction was observed in the ST-60% group in relation
to its control group for total cholesterol and HDL-cholesterol. The
albumin levels were also decreased in the ST-60% FR group as
compared to ST. For the high-fat-fed mice, plasma analysis also
showed reduced glucose levels in all restricted groups as compared to
HFD (Table 2). Total cholesterol was reduced in the groups HFD-40%
and HFD-60%. Triglycerides, and albumin levels were also reduced in
HFD-60% when compared to control (HFD). The biochemical param-
eters of the human individuals included in the study are fully
described on Table 3. No statistical differenceswere observedbetween
groups.

Quantitative RT-PCR analysis showed decreased expression of AGT
and ACE in the ST-20% and ST-40% groups versus control ST mice and
no difference between ST-60% and ST, although a significant increase
in the ST-60% group as compared to ST-40% was observed (Fig. 4A
and B). No significant differences in ACE2 and AT1 mRNA expression
were observed between groups (Fig. 4C and D).

The expression levels of IL-6 and TNF-a were decreased in ST-40% FR
mice as compared to ST (Fig. 4E and F), although no significant difference
was observed between the ST-60% and ST groups, and a significant
increase was found in IL-6 in ST-60% as compared to ST-40%.

For the high-fat-fed mice, the AGT expression levels were
decreased in HFD-40% FR as compared to control (HFD) (Fig. 4G)
and increased in HFD-60% as compared to HFD-20% and HFD-40%. The
ACE expression levels (Fig. 4H) were significantly reduced in all
restricted groups as compared to HFD. In contrast, no significant
differenceswere found for the ACE2 expression levels between groups
(Fig. 4I). The mRNA levels of AT1 receptor were increased in the HFD
and HFD-60%FR groups as compared to ST (Fig. 4J). The inflammatory
markers’ expression showed decreased IL-6 expression in the HFD-
40% group as compared to HFD mice, and no significant difference
between HFD-60% and HFD was evidenced. Additionally, increased
expression levels of IL- 6 in the HFD-60% FR group as compared to
HFD-40% FR group were found (Fig. 4K). For the TNF-α expression, a
significant decrease was found in HFD-20% and HFD-40% groups as
compared to HFD (Fig. 4L).

For humans, expression of AGT (Fig. 5A) and ACE mRNA (Fig. 5B)
was significantly higher in obese and malnourished individuals as
compared to the eutrophic. For the ACE2 expression, no significant
differencewas observedbetween groups (Fig. 5C). Expression levels of
IL-6 (Fig. 5D) and TNF-α (Fig. 5E) were significantly higher in obese
andmalnourished as compared to eutrophic individuals. In addition, it
was observed that the adipocytes from obese individuals were
significantly increased compared to eutrophic individuals, whereas
in malnourished individuals, adipocyte area is significantly decreased
compared to eutrophic and obese individuals (Fig. 5F and G).

4. Discussion

This study describes for the first time that although mild to
moderate (20%–40%) restriction can improve the metabolic and



Fig. 1. Body and lipid profile of standard-diet-fed mice. Food intake, energy intake, body weight, fat weight, adipocyte area and hematoxylin/eosin staining in mice subjected to food
restriction standard diet (ST, ST-20%FR, ST-40%FR and ST-60%FR). Food intake (A), energy intake (B), daily bodyweight (C), total bodyweight (D), epididymal adipose tissueweight (E),
retroperitoneal adipose tissue weight (F), mesenteric adipose tissue weight (G), hematoxylin and eosin staining (H) and epididymal adipocyte area (I). Scale bar indicates 50 μm (h).
Data are presented as mean±S.E.M.; *Pb.05, **Pb.01, ***Pb.001 versus group indicated.
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inflammatory status, a more severe restriction (60%) does not present
the same protective effect in mice. Also, decreased inflammatory
status in mild to moderate restriction in mice was associated with
down-regulation of key RAS components, such as AGT and ACE in the
adipose tissue. Interestingly, we found a similar profile in obese and
malnourished humans, also presenting impaired metabolic and
inflammatory profiles associated with increased AGT and ACE
compared to eutrophic individuals. These results suggest that an
enhanced inflammation in the adipose tissue is associated with RAS
up-regulation which may significantly contribute to establishing
metabolic disorders as observed in obesity and malnutrition states,
and mild to moderate food restriction prevents those metabolic
changes potentially through down-regulating these key mechanisms.

The decrease of the body weight in different groups of mice
submitted to different levels of food restriction under standard or
high-fat diets can be associated with a reduction of food intake
imposed on those animals. Several studies have shown that body
weight is associated with food intake [31,32] and that the imbalance
between food intake and energy expenditure is a predisposing factor
to obesity [3,5]. The weight reduction of epididymal, retroperitoneal
andmesenteric adipose tissues with increased food restrictionmay be
related to the progressive reduction of food intake imposed on the
animals. There are many pieces of evidence in the literature
demonstrating that food restriction decreases the accumulation of
body fat [17,27,32] independently of the diet composition [31]. The
reduction of the adipose tissueweightmay also be associatedwith the
hypertrophy process that took place since we observed a significant
reduction in the area of adipocytes according to the level of food
restriction, under treatment with either a standard or high-fat
diet [33,34].

The results of the ISTs and GSTs showed beneficial results with the
gradual increase of food restriction on standard and high-fat diets.
Similar results were also found in the levels of fasting glucose,
corroborating with several published studies [16,27,31,32]. Interest-
ingly, the glucose levels of ST animals at time 0 of the tests were
significantly high as compared to treatment groups, which may be
explained by the energy supply that the food-restricted animals
present in contrast with the ST group. Regarding the lipid profile,
reduced levels of total cholesterol, HDL-cholesterol and triglycerides
were foundwith the gradual increase of food restriction, corroborating
with the results from other studies [31,34]. According to the
"Consensus Statement of the Academy of Nutrition and Dietetics/
American Society for Parenteral and Enteral Nutrition," malnutrition
may be related to low albumin plasma levels which were observed in
both groups of mice treated with 60% food restriction in both
treatments [24].

Experimental studies suggest that the regulation of the RAS is
influenced by the obesity degree [13]. Therefore, weight reduction



Fig. 2. Body and lipid profile of high-fat diet fed mice. Food intake, energy intake, body weight, fat weight, adipocyte area and hematoxylin/eosin staining in mice subjected to food
restriction high-fat diet (ST, HFD, HFD-20%FR, HFD-40%FR, HFD-60%FR). Food intake (A), energy intake (B), daily body weight (C), total body weight (D), epididymal adipose tissue
weight (E), retroperitoneal adipose tissueweight (F),mesenteric adipose tissueweight (G), hematoxylin and eosin staining (H) and epididymal adipocyte area (I). Scale bar indicates 50
μm (h). Data are presented as mean±S.E.M.; *Pb.05, **Pb.01, ***Pb.001 versus group indicated.
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induced by food restriction may exert positive effects on RAS
regulation. In this work, a decreased expression of AGT and ACE in
epididymal adipose tissue of mice with the gradual increase of food
restriction of up to 40% of food intake baseline for standard and high-
fat diets was evidenced. The present study also showed an AT1
increased expression in the HFD and HFD+60% groups. The AT1
receptor overexpression is directly allied with the Ang II deleterious
effects, such as vasoconstriction, salt retention and stimulation of the
sympathetic nervous system [35]. However, the AT1 reduction was
not observed in the groups submitted to 60% food restriction, which,
on the contrary, revealed a significant increase in the expression of this
gene when compared to the groups who had reduced food intake by
40% baseline. These results suggest that food restriction of up to 40%
over the basal diet, regardless of whether standard or high fat, is
associatedwith improved regulation of the RAS,whereas values of 60%
food restriction do not have the same protective effect. These results
are coherent with several studies that demonstrate that food
restriction can beneficially regulate the RAS on controlling the rise of
the plasma renin activity, AGTplasmatic levels anddecrease of theACE
activity [12]. Few studies determine the maximum limit of food
restriction that animals may be subjected to without causing
malnutrition; a study of longevity indicates that this limit stays
between 55% and 60%, corroborating the results found in this study
[27]. The expression of inflammatory markers in the epididymal
adipose tissue decreased with the increase in the food restriction
imposed to the animals, which was expected since the fatty tissue of
animals decreased along with the food restriction degree [36,37].

Traditionally, the WAT was defined as only an energetic reservoir,
but new studies have been considering this tissue as an endocrine
organ and the main one responsible for the production of cytokines
(adipokines) that act as mediators and regulators of immune and
inflammatory responses [4,38,39]. There are several pieces of evidence
suggesting that hypertrophiedWAT in obesitymay be associatedwith
an increase in the infiltration of macrophages that secrete proinflam-
matory cytokines, such as TNF-α and some interleukins such as IL-6,
thus contributing to the inflammatory state established in obesity [7].
This excessive production of proinflammatory cytokines in obese
individuals has been associated with cardiometabolic diseases as it
alters the balance between the anti- and proinflammatory adipokines
in WAT [4,38,39]. The WAT is constituted mainly of adipocytes,
although other cell types are essential for its growth and function,
including preadipocytes, macrophages, lymphocytes, fibroblasts and
vascular cells [4,40]. The accumulation of macrophages in the WAT is
proportional to the adiposity in obese individuals and obese animal
models, as well as the weight loss results in a sustained reduction in
macrophages number in the adipose tissue, which is accompanied by
an attenuation of the inflammatory profile [40–42]. Additionally, the
macrophages are more abundant in the visceral adipose tissue than in

image of Fig. 2


Fig. 3. Glycemic profile of mice fed standard and high-fat diet. ISTs and GSTs in mice subjected to food restriction standard (A and B) and high-fat (C and D) diets. (A) IST between
treatment groups (ST-20%FR, ST-40%FR, ST-60%FR) and ST. (B) GST test between treatment groups (ST-20%FR, ST-40%FR, ST-60%FR) and ST. (C) IST between treatment groups (HFD-
20%FR, HFD-40%FR, HFD-60%FR) andHFD. (D) GST test between treatment groups (HFD-20%FR, HFD-40%FR, HFD-60%FR) andHFD. Data are presented asmean±S.E.M.; *Pb.05, **Pb.01,
***Pb.001 versus group indicated.
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the subcutaneous, which is associated with a higher risk to develop
insulin resistance [43].

Since the animals showed a decrease in body weight and adipose
tissue (epididymal, retroperitoneal and mesenteric) with increased
Table 2
Biochemical parameters in mice subjected to food restriction

ST ST-20%

Glucose (mg/dl) 133.6±27.6 81.4±
Total cholesterol (mg/dl) 110.0±11.7 100.0±
HDL (mg/dl) 76.0±12.9 67.8±
Triglycerides (mg/dl) 113.9±8.8 82.8±
Albumin (g/dl) 5.5±0.6 5.7±

HFD HFD-2

Glucose (mg/dl) 163.9±40.9 101.5±
Total cholesterol (mg/dl) 137.5±24.4 111.8±
HDL (mg/dl) 87.0±17.2 76.8±
Triglycerides (mg/dl) 118.3±27.8 111.9±
Albumin (g/dl) 5.8±0.2 5.6±

Plasma glucose, lipid parameters and albumin in mice subjected to food restriction fed standar
HFD-60%FR). Data are presented as mean±S.E.M.; *Pb.05, **Pb.01, ***Pb.001. *Between treatme
treatment groups (HFD-20%FR; HFD-40%FR; HFD-60%FR) and HFD.
food restriction, a decreased expression of inflammatory markers
was expected. However, restriction groups of 60% did not have this
effect similarly to what is observed in obese and malnourished
individuals [24,27].
FR ST-40%FR ST-60%FR

18.2*** 62.8±19.12*** 35.71±17.2***
9.3 95.8±14.3 82.1±23.2*
5.9 64.4±7.4 60.15±6.9*
14.7* 62.1±22.1*** 49.29±19.7***
0.3 5.5±0.3 4.6±0.4*

0%FR HFD-40%FR HFD-60%FR

30.2### 94.5±23.7### 45.0±15.1###

37.1 89.4±12.7## 83.1±17.7##

8.4 74.2±8.2 69.4±9.9#

32.7 94.2±9.3 75.2±16.4##

0.1 5.5±0.2 5.1±0.3###

d (ST, ST-20%FR, ST-40%FR, ST-60%FR) and high-fat diets (HFD, HFD-20%FR, HFD-40%FR,
nt groups (ST-20%FR, ST-40%FR, ST-60%FR) and ST. #Pb.05, ##Pb.01, ###Pb.001. #Between
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Table 3
Biochemical parameters of humans included in the study

Eutrophic Obese Malnourished

Glucose (mg/dl) 88.24±14.54 97.33±15.68 104.90±27.78
Total cholesterol (mg/dl) 189.78±47.29 194.67±37.12 213.50±131.74
High-density lipoprotein (mg/dl) 45.13±9.26 47.90±17.33 48.0±21.02
Triglycerides (mg/dl) 112.33±43.47 172.15±86.55 89.6±30.58
Albumin (g/dl) 4.0±0.51 4.0±0.54 3.95±0.07

Plasma glucose, lipid parameters and albumin of humans included in the study (eutrophic, obese and malnourished). Data are presented as mean±S.D.; no statistical differences were
found between groups.
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In conclusion, the present study shows that 20% and 40%
food restriction prevents deterioration of glucose and lipid
metabolic profile and reestablishes body weight and the weight
of epididymal, retroperitoneal and mesenteric adipose tissues in
mice subjected to standard and high-fat diets. Twenty percent and
40% food restriction improved the metabolism, modulating some of
the RAS components and cytokine expressions in mice, while a severe
60% food restriction (malnutrition) did not protect and produced a
proinflammatory state with increased AGT, ACE and AT1 expression
similar to high-fat obese animals. We also conclude that obese and
malnourished human individuals present a similar inflammatory
Fig. 4. AGT, ACE, ACE2, AT1, IL-6 and TNF-αmRNA expression levels in mice. Effects of 8-week
inflammatory markers in epididymal adipose tissue of mice fed a standard diet and high-fat die
ACE (H), ACE2 (I), AT1 (J), IL-6 (K) and TNF-α (L). Data are presented as mean±S.E.M.; *Pb.05
profile that might be modulated, in part, by the RAS. These results
support mild to moderate food restriction as a therapeutic alternative
tool for preventing obesity-related disorders associated with a
proinflammatory status and RAS activation in the adipose tissue.
However, it is noteworthy to mention the mean age of the
malnourished patients included in the study, which is due to the
difficulty in recruiting malnourished individuals who submitted to
elective surgeries that do not have cancer or other important
diseases.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.jnutbio.2017.06.008.
food restriction on gene expression levels of components of the renin–angiotensin and
t, respectively (A–J). AGT (A), ACE (B), ACE2 (C), AT1 (D), IL-6 (E), TNF-α (F), AGT (G),
, **Pb.01, ***Pb.001 versus group indicated.

http://dx.doi.org/10.1016/j.jnutbio.2017.06.008
http://dx.doi.org/10.1016/j.jnutbio.2017.06.008
image of Fig. 4


Fig. 5. AGT, ACE, ACE2, IL-6 and TNF-αmRNA expression levels in humans. RAS components’ and inflammatory markers’ gene expression levels in visceral adipose tissue of eutrophic,
obese and malnourished human patients (A–E). AGT (A), ACE (B), ACE2 (C), IL-6 (D) and TNF-α (E). Adipocyte area and hematoxylin/eosin staining of eutrophic, obese and
malnourished human patients (F–G). Hematoxylin and eosin staining (F) and adipocyte area (G). Data are presented as mean±S.E.M.; *Pb.05, **Pb.01, ***Pb.001.
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