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Dietary sucrose regulates the expression of the Cd36 gene in hepatic tissue 
of rats with obesity and Non Alcoholic Fatty Liver Disease (NAFLD)

Rodolfo Quintana Castroa,b, Ida Soto Rodrigueza, Rosa A. Deschamps Lagoa, Peter Grube Pagolac, Jorge Rodriguez Antolind, 
Adriana Peres Quintala, Jaime Rivera Riveraa, Alfonso Alexander Aguileraa,b

Aim. To evaluate the mRNA expression levels of Cd36 in adipose and hepatic tissues, in rats with NAFLD after the 
consumption of sucrose for 10 and 20 weeks.
Methods. Twenty Wistar rats, all nearly 21 days old were divided into two experimental groups (NAFLD-10 and 
NAFLD-20), that received a standard diet (2014 Teklad Global) plus 30% sucrose in their drinking water for 10 and 20 
weeks and the control groups (C Groups). Variables such as body weight, food intakes, and serum parameters were 
measured. Adipose and hepatic tissues were extirpated; some tissue was preserved in formalin and some at -70 °C until 
analysis. Histological analysis was carried out, and the Cd36 mRNA expression levels were determined.
Results. The rats in the NAFLD-10 and NAFLD-20 groups showed a significative increase in abdominal fat, triglycerides, 
free fatty acids, insulin, AST, ALT, uric acid and HOMA index; as well as changes in the cellular dynamics in adipose 
tissue, (adipocytes hypertrophic: >1500 µm2) with respect to the control groups (P<0.05). The histological analysis 
showed development of mild portal hepatitis in rats of the NAFLD-10 group and grade 1 hepatic steatosis with mild 
portal inflammation in rats of the NAFLD-20 group. Finally, Cd36 mRNA expression levels were significantly increased 
in hepatic tissue after 10 (1.5-fold) and 20 (3.5-fold) weeks of sucrose ingestion (P<0.05).
Conclusion. mRNA expression is a molecular mechanism involved in the development of NAFLD associated with 
obesity in rats consuming sucrose. However, there was increased Cd36 mRNA expression only in hepatic tissue while 
in hypertrophic adipose tissue mRNA levels remained unchanged.
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INTRODUCTION

Non alcoholic fatty liver disease (NAFLD) includes 
a group of hepatic diseases not caused by alcohol con-
sumption, evolving from non alcoholic simple fatty liver 
(NAFL) to non alcoholic steatohepatitis (NASH), he-
patic fibrosis and cirrhosis. NAFLD has become the lead-
ing cause of chronic liver damage in developed countries1 
and is a recognized condition associated with increased 
cardiovascular and liver-related mortality2. This disease is 
characterized by an accumulation of triglycerides (TG) in 
hepatocytes known as steatosis and has been associated 
with insulin resistance (IR), obesity, type 2 diabetes mel-
litus and dyslipidemia3. The pathogenesis of NAFLD has 
been explained by the “double-hit” hypothesis, consisting 
of fat or lipid accumulation as the primary insult or “first 
hit” in the liver4 followed by a “second hit” in which pro-
inflammatory mediators cause inflammation, hepatocel-
lular injury and fibrosis5. 

Causes of hepatic steatosis, include poor diet and nu-
trition. Sucrose or fructose intake and/or comsumption 
of sugar-sweetened beverages have recently received atten-

tion as potential risk factors for metabolic syndrome and 
type 2 diabetes6-8. These sugars, which include glucose are 
converted into fatty acids by means of de novo lipogenesis 
in enterocytes and hepatocytes, and are the source for 
hepatic triglycerides synthesis9, favoring the development 
of steatosis.

The development of steatosis is related to fat homeo-
stasis in adipocytes, hepatocytes and myocytes among 
other cells. This equilibrium is controlled by a number of 
factors including membrane and/or intracellular proteins 
implicated in the transport, synthesis and degradation 
of fat10. For example, the CD36 transporter coordinates 
uptake and processing of free fatty acids, as well as fatty 
acids storage in the adipocytes, utilization by adipose tis-
sues and muscle11, chylomicron production12, and secre-
tion of hepatic VLDL (ref.13). Cd36 also contributes to 
the regulation of energy balance and, therefore, has a role 
in the risk of metabolic disorders such as insulin resis-
tance, type 2 diabetes mellitus, obesity, and non alcoholic 
hepatic steatosis10. 

Despite current advances in understanding the com-
plex cellular signaling of the metabolic and inflamma-
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tory pathways involved in NAFLD, the development of 
steatosis and progression to steatohepatitis and fibrosis/
cirrhosis is not yet fully understood14,15. Some studies have 
shown that the increase in CD36 expression in liver of 
transgenic mice attenuates the formation of steatosis dur-
ing fasting16.

The long-term consumption of sugars results in physio-
pathological communication between adipose and hepatic 
tissues that is important in the development of steatosis 
and the pathogenesis of NAFLD. Furthermore, different 
cellular dynamics during the development of obesity are 
associated with insulin resistance and fatty liver; among 
other factors. Thus, it is important to know the relation-
ship that exists in the transcriptional expression of the 
gene encoding for the CD36 receptor under sucrose con-
sumption in tissues associated with the development of 
steatosis. 

The purpose of this work was to evaluate the effects of 
dietary sucrose administration and Cd36 mRNA expres-
sion levels in adipose and hepatic tissues in Wistar rats 
on the development of non-alcoholic fatty liver disease 
(NAFLD).

MATERIALS AND METHODS

Experimental design
Twenty Wistar rats, all nearly 21 days old, were pur-

chased from Harlan Teklad Inc. (Mexico City). The ani-
mals, were individually housed in stainless-steel cages and 
maintained in 12-h light/dark cycles at 25 °C. Animal 
maintenance and handling followed the guidelines of 
Mexican legislation, NOM-062-ZOO-1999 (ref.17). 

Animals were divided into two experimental groups: 
two non-alcoholic fatty liver groups (NAFL-10 Group, n-5 
and NAFL-20 Group, n-5) that received a standard diet 
(2014 Teklad Global) plus 30% sucrose in their drinking 
water for 10 or 20 weeks, and a control groups (C Groups) 
that received a standard diet and drinking water.

After experimental treatment with sucrose; fasted 
animals (18 hrs) from each group were sacrificed. 
Measurements of body weight, food intake, and serum 
parameters were made. Adipose and hepatic tissues were 
extirpated some tissue was preserved in formalin and 
some tissue at -70 ° C until analysis.

Serum biochemical determinations
Serum glucose, cholesterol, triglycerides, uric acid, 

alanine aminotransferase (ALT), aspartate aminotrans-
ferase (AST) and other markers, were determined by 
enzymatic methods using a Selectra-E autoanalyzer. All 
reagents were obtained from Spinreact SA in Spain. The 
serum insulin concentration was determined by a com-
mercial double-antibody solid-phase radioimmunoassay 
(Coat-A-Count, DPC). Serum free fatty acids (FFAs) 
were determined from fresh frozen samples by an en-
zymatic method (NEFA-C test, Wako Chemicals). To 
calculate the index of insulin resistance (HOMA-IR) the 
following formula was used: insulin [µU/mL] x glucose 
[mmol/L]/ 22.5 (ref.18). 

Quantification of Hepatic Triglycerides
Lipids were extracted from hepatic tissue (1 g) utiliz-

ing the method of Folch et al.19. Total lipids were extracted 
from liver samples by homogenizing the tissues using a 
mixture of chloroform/methanol/0.9% NaCl to a final 20-
fold dilution of the original volume of the tissue sample. 
The organic layer was then removed, evaporated, and 
reconstituted in chloroform. The values of TG were mea-
sured using a colorimetric assay kit (Spinreact, Barcelona, 
Spain) and the results were expressed as mg per gram of 
the liver weight.

Adipocyte size measurements
Random samples of abdominal adipose tissue of rats 

in the NAFLD and control group were fixed in neutral 
formalin (10% formaldehyde and 0.1 M phosphate buffer, 
pH 7) for 24 h at room temperature. The samples were 
embedded in paraffin, and 7 mm serial sections were then 
cut using a microtome and stained with hematoxylin and 
eosin. 

Areas were measured in each adipocytes for micro-
scopic field of view, using five fields of view per rat. The 
average adipocyte area was calculated for each rat, and 
group means were determined from the individual aver-
ages for comparisons between groups. For the above, 
photomicrographs were obtained at a 40X magnification 
utilizing an optical microscope (Axio Image A2, Zeiss) 
with an Olympus digital camera at a 5.1-megapixel resolu-
tion. Adipocyte areas were measured using the AxioVision 
Real 4.6 software (Zeiss Software, Inc.), and expressed 
as µm2. 

Microscopic liver analysis
To analyze hepatic damage, liver tissue was fixed for 

24 h in 10% neutral buffered formalin. Sections (4-6 µm) 
of the tissue were embedded in paraffin, and stained 
with hematoxylin and eosin (H–E) prior to microscop-
ic examination. Digital images were obtained using an 
Olympus BX51 microscope equipped with a Camedia 
C3040ZOOM digital camera (Olympus America Inc., 
Corporate Center Drive, Melville, NY, USA). All the im-
ages were recorded at 10x and 40x magnification.

Real-time PCR Cd36 Gene 
a) Total RNA Isolation

Total RNA was obtained from nitrogen-frozen rat liver 
or abdominal fat tissue. First 300 mg of nitrogen-frozen 
tissue was pulverized using a nitrogen-cooled steel mor-
tar. The tissue powder, was immediately suspended in 2.0 
mL of TRIzol™ Reagent (Invitrogen) and incubated at 
room temperature 5 min. Then, 0.3 mL of chloroform was 
added and shaken for 15 s, and after three minutes the 
samples were centrifuged at 12,000 x g for 15 min at 4 °C 
and the aqueous phase was recovered. The RNA was pre-
cipitated with 1 mL of isopropanol and incubated at room 
temperature for 10 min and recovered by centrifugation at 
12,000 x g for 20 min at 4 °C. The RNA was washed with 
ethanol at 75%, and resuspended in RNase-free water and 
kept at -70 °C until use.
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b) Cd36 mRNA expression measurement
The relative expression of Cd36 mRNA from ab-

dominal fat and hepatic tissue was measured with the 
StepOne™ Real Time PCR System (Life Technologies). 
The reaction was performed with iTaq™ Universal 
SYBR® Green One-Step Kit (Bio-Rad). The amount 
and quality of total RNA were determined by spectro-
photometry using NanoDrop 2000™ spectrophotometer 
(Thermo Scientific) and 0.5 µg for each sample of total 
RNA was normalized for each reaction. The reaction 
mix was adjusted according to the manufacturer’s rec-
ommendations; primers used for Cd36 gene expression 
were reported by Arias et al., 2014 (sense 5’-GGT GTG 
CTC AACAGC CTT ATC-3’and antisense 5’-TTA TGG 
CAA CCTTGC TTA TG-3’) (ref.20). Thermocycling 
conditions were as follows: for reverse transcription ten 
minutes at 50°C, for polymerase activation and DNA de-
naturation one minute at 95 °C and for amplification, 
40 cycles of 15 s at 95 °C and 60 s at 60 °C. β-Actin 
gene expression was used as the endogenous control, the 
primers sequences used for β-Actin were as follows: sense 
5'-TGGAATCCTGTGGCATCCATG-3 and antisense 
5'-TAAAACGCAGCTCAGTAACAG-3’. Melting curve 
analysis were performed after each RT-PCR run in order 
to confirm that only one PCR products was detected. 
The relative expression of the target gene with respect to 
the internal control was calculated using relative quanti-
fication software provided by StepOne™ Real Time PCR 
System.

Data analysis
Experimental data were tested for normality and ho-

mogeneity of variance. We then used ANOVA and com-
parisons using the multiple range Tukey test (P<0.05 or 
P<0.01); the results are expressed as the means and SDs 

Table 1. Caloric consumption parameters, fat and liver weight in sucrose-fed NAFLD and Control groups.

10 Weeks 20 Weeks
Control Group NAFLD-10 Group Control Group NAFLD-20 Group

Initial body weight (g) 172±8 186±7 172±8 186±7
Final body weight (g) 341±50 379±44 359±49 394±47
Liquid intake (mL/day)  85.43±11.01  145.30±21.35* 112.47±13.20 209.91±17.24*
Liquid intake (mL/day/100 g bw) 24.99±3.22 38.31±5.62* 31.32±3.67 53.27±4.37*
  Equivalent in Kcal in drinking water 0.00 45.96±6.74* 0.00 63.92±1.31*
Food intake (g/day) 58.67±8.42 28.22±4.00* 61.76±1.14 12.80±4.63*
Food intake (g/day/100 g bw) 17.16±2.46 7.44±1.05* 17.89±2.35 3.24±1.17*
  Equivalent in Kcal in food 53.19±7.58 23.06±3.25* 55.45±7.28 10.04±3.62*
  Total Kcal/day/100 g bw 53.19±7.58 69.02±9.99 55.45±7.28 73.96±4.93*
Abdominal fat weight (g) 9.20±1.06 15.93±3.95* 10.76±1.37 16.90±2.72*
Epididymal fat weight (g) 7.20±1.40 15.10±2.20* 8.75±2.31 17.30±1.96*
  Total fat (g) 16.40±2.46 31.03±6.15* 19.51±3.68 34.20±4.68*
Number of adipocyte x 106 (mm2) 29.33±3.70 31.34±3.80 38.80±5.80 40.60±4.60
Liver weight (g) 9.76±0.20 13.30±0.26* 9.90±0.83 13.32±0.71*
Hepatic triglycerides (mg/g liver) 15±2.50 22±1.85* 17±2.80 35±1.80*
Index of adiposity 4.80 8.18* 5.43 8.68*
Hepatosomatic index 2.86 3.50 2.75 3.38

Values are the mean ± SD (C, n=5; NAFLD-10 and NAFLD-20, n=5). * P<0.01. Bw = Body weight. Index of adiposity= (Abdominal and epididy-
mal fat weight / body weight) x 100. Hepatosomatic index = (liver weight/body weight) x 100
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Fig. 1. Evolution of the body weight of rats that consumed sucrose for 10 weeks (NAFLD-
10 Group) and 20 weeks (NAFLD-20 Group) with respect to control rats. 
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Fig. 1. Evolution of the body weight of rats that consumed 
sucrose for 10 weeks (NAFLD-10 Group) and 20 weeks 
(NAFLD-20 Group) with respect to control rats.

of five repetitions. The Minitab 16.1.0 statistical package 
was used. 

RESULTS

Caloric intake from diet, weight and body fat
A model of fatty liver was achieved by the administra-

tion of 30% sucrose in drinking water in male Wistar rats. 
Figure 1 shows the evolution of body weight of the rats 
that consumed sucrose over 20 weeks, the NAFLD-10 
and NAFLD-20 groups consuming sucrose for 10 and 
20 weeks showed no significant changes in body weight 
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compared to the control groups. However, there were sig-
nificant changes in weight at weeks 5 and 15 of consum-
ing sucrose.

Table 1 shows the differences in liquid consumption 
as well as food and caloric intake at the end of the su-
crose treatment period at 10 or 20 weeks (P<0.01). At 10 
weeks, the ingestion of sucrose in NAFLD-10 group led 
to a significant increase in abdominal fat of 73% (P<0.01) 
and epididymal fat of 109% (P<0.01). After 20 weeks of 
sucrose administration, the rats in the NAFLD-20 group 
presented an increase in abdominal fat of 57%, (P<0.01) 
and epididymal fat of 97% (P<0.01) in comparison to con-
trol groups. The rats in the NAFLD 10 and 20 groups, 
also showed an increase in adiposity index values (70% 
and 59%; respectively) with respect to the control group 
(P<0.01). Additionally, the rats in the NAFLD 10 and 20 
groups presented a significant increase in liver weight and 
in the quantified triglycerides in the liver (46% and 105% 
respectively) in comparison to control group (P<0.01).

Serum biochemical parameters
In relation to the serum parameters, the rats in the 

NAFLD-10 group consuming sucrose for 10 weeks 
showed elevation of triglycerides (48%, P<0.05), VLDL 
(41%, P<0.01), fatty free acids (30%, P<0.05), uric acid 
(37%, P<0.05), insulin (85%, P<0.05) and HOMA-IR in-
dex (99%, P<0.05). Similarly, the rats consuming sucrose 
for 20 weeks (NAFLD-20 group) showed an increase in 
triglycerides (109%, P<0.05), VLDL (112%, P<0.01), free 
fatty acids (17%, P<0.01), uric acid (18%, P<0.05) insulin 
(57%, P<0.05), HOMA-IR index (52%, P<0.05) and ALT 
(610%, P<0.05) with respect to the control group. No dif-
ference was observed in the levels of cholesterol, total 
proteins, albumin and creatinine in rats of the NAFLD 
groups in comparison to the control group (Table 2).

Table 2. Serum parameters in control (C) and sucrose-fed (NAFL) rats.

10 Weeks 20 Weeks
Control Group NAFLD-10 Group Control Group NAFLD-20 Group

Glucose (mg/dL) 145.00±4.50 161.00±7.00 156.22±11.72 151.10±6.43
Insulin (µUI/mL) 5.79±0.44 10.76±1.91* 7.53±0.66 11.85±1.45*
HOMA-IR 2.14±0.01 4.27±0.03* 2.90± 0.01 4.41±0.02*
Triglycerides (mg/dL) 64.00±3.46 95.50±2.50* 82.13±3.44 170.40±25.00*
Free fatty acids (mmol/L) 0.68±0.04 0.89±0.06* 0.80±0.04 0.94±0.03*
Cholesterol (mg/dL) 109.67±10.26 135.00±13.50* 92.16±1.40 83.30±6.60
HDL (mg/dL) 28.00±3.00 40.00±8.00* 24.32±5.20 22.74±6.82
LDL (mg/dL) 68.67±5.00 75.90±1.00* 51.42±6.66 26.48± 4.00*
VLDL (mg/dL) 13.00±1.73 19.10±0.57* 16.42±0.68 34.08±9.40*
Total Proteins (g/L) 6.60±0.10 7.23±0.66 6.47±0.17 6.64±0.25
Albumin (g/L) 3.80±0.20 3.83±0.35 4.02±0.08 4.18±0.29
AST (U/L) 41.50±0.55  26.67±2.57* 37.27±1.20 48.40±1.75*
ALT (U/L) 28.00±1.00 38.07±4.24* 33.15±2.17 235.50±2.89*
Uric acid (mg/dL) 0.80±0.01 1.10±0.01* 0.86±0.05 1.02±0.01*
Creatinine (mg/dL) 0.42±0.08 0.40±0.09 0.50±0.08 0.49±0.09
Urea (mg/dL) 43.00±10.19 27.00±0.01* 40.16±3.85 19.72±4.31*

Values are the mean ± SD (C, n=5; NAFLD-10, n=5) and (C, n=5; NAFLD-20, n=5).
* P<0.05
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Fig. 2. Distribution of adipocyte sizes in rats with abdominal obesity and non-alcoholic 
fatty liver disease (NAFLD).  

Percentage of adipocytes between 500 and more than 1501 µm2. (A) rats consuming 
sucrose for 10 weeks (NAFLD-10) and (B) rats consuming sucrose for 20 weeks (NAFLD-
20); relative to control rats. *P<0.05 
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Fig. 2. Distribution of adipocyte sizes in rats with abdominal 
obesity and non-alcoholic fatty liver disease (NAFLD). 
Percentage of adipocytes between 500 and more than 1501 µm2. 
(A) rats consuming sucrose for 10 weeks (NAFLD-10) and (B) 
rats consuming sucrose for 20 weeks (NAFLD-20); relative to 
control rats. *P<0.05
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Cellular dynamic of adipose tissue
Fig. 2. shows the relative distribution of adipocyte ar-

eas in abdominal adipose tissue samples from rats in the 
NAFLD-10 and NAFL-20 groups that consumed sucrose. 
The NAFLD-10 group displayed a significant increase in 
the percentage of fat cells with areas between 1001 and 
1501 μm2 compared with the control group that presented 
fat cells smaller than 1000 µm2 (P<0.01). In the same way, 
the NAFLD-20 group showed a significant increase in the 
percentage of fat cells with areas greater 1001 µm2 and 
a reduction of adipocytes with areas between 501-1000 
µm2 compared to the control group (P<0.05). The adipose 
tissue of rats fed sucrose showed greater adipocyte hyper-
trophy than the control animals (Fig. 3).

Microscopic liver analysis
After 10 weeks of sucrose administration, the rats in 

the NAFLD-10 group showed an increase in liver weight. 
However, there were no changes in the hepatosomatic 
index. Similarly, at 20 weeks of consuming sucrose, the 
rats in the NAFLD-20 group presented an increase in liver 
weight, but no elevation in the hepatosomatic index, with 
respect to the control group.

The microscopic liver analysis of rats in the NAFLD-10 
group showed the presence of mild portal hepatitis (Fig. 
4b and c); while the rats in NAFLD-20 group had grade 
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Fig. 3. Abdominal adipose tissue of rats in the control groups consuming water without 
sucrose (a, c) and hypertrophic adipose tissue in rats consuming sucrose for 10 weeks in 
NAFLD-10 group (b) and 20 weeks in NAFLD-20 group (d). 
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NAFLD-10 group (b) and 20 weeks in NAFLD-20 group (d).
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Fig. 4. Histological analysis of the liver in rats in the NAFLD-10 group consuming sucrose 
for 10 weeks: (a) normal hepatic parenchyma (10x) in control group, (b) scarce 
mononuclear inflammatory infiltrate in the stroma of portal spaces (10x) and (c) 
hepatocytes without alterations (mild portal hepatitis) (40x). Rats in the NAFLD-20 group 
consuming sucrose for 20 weeks: (d) normal hepatic parenchyma (10x) in control group; 
(e) lymphocytes in the portal space stroma, in addition hepatocytes with large lipid 
vacuoles (10x) and (f) morphological detail of hepatocytes with large lipid vacuoles 
(steatosis grade 1) (40x). Hematoxylin and Eosin. 
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weeks: (a) normal hepatic parenchyma (10×) in control group, (b) scarce mononuclear inflamma-
tory infiltrate in the stroma of portal spaces (10×) and (c) hepatocytes without alterations (mild 
portal hepatitis) (40×). Rats in the NAFLD-20 group consuming sucrose for 20 weeks: (d) normal 
hepatic parenchyma (10×) in control group; (e) lymphocytes in the portal space stroma, in addi-
tion hepatocytes with large lipid vacuoles (10×) and (f) morphological detail of hepatocytes with 
large lipid vacuoles (steatosis grade 1) (40×). Hematoxylin and Eosin.
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1 hepatic steatosis with mild portal inflammation, as de-
scribed by Brunt et al., 1999 (Fig. 4e and f). The control 
rats showed a normal histology of the hepatic parenchyma 
(Fig. 4a and c) (ref.21). 

The histological analysis showed the development of 
mild portal hepatitis in rats of the NAFLD-10 group and 
grade 1 hepatic steatosis with mild portal inflammation 
in rats of the NAFLD-20 group. 
Expression of Cd36 in adipose and hepatic tissues

The Cd36 mRNA levels were different in adipose and 
hepatic tissues after 10 and 20 weeks of administration 
of sucrose in drinking water (ad libitum) in Wistar rats 
with fatty liver (Fig. 5). The rats in the NAFLD-10 group 
showed significantly higher (1.5-fold; P<0.05) levels of 
Cd36 mRNA in hepatic tissue in comparison to the con-
trol group (Figure 5B), whereas the expression levels in 
adipose tissue remained unchanged (Fig. 5A). The rats 
in the NAFLD-20 group had even higher levels of Cd36 
mRNA in hepatic tissue (4.5 fold; P<0.05) with respect 
to control rats (Fig. 5D), while in adipose tissue the ex-
pression levels remained the same in comparison to rats 
without sucrose intake (Fig. 5C).

DISCUSSION

The objective of this work was to evaluate the effects 
of sucrose on the development of fatty liver as well as on 
Cd36 mRNA expression in adipose and hepatic tissues 
in Wistar rats. 

The consumption of fructose, as sucrose or as high-
fructose corn syrup (HFCS), has increased drastically in 
recent years along with increasing rates of obesity, type 
2 diabetes, hypertension, kidney damage22 and metabolic 
syndrome, which are risk factors for the development of 
NAFLD.

Studies have reported on the role of the CD36 pro-
tein in the development of NAFLD and other chronic-
degenerative diseases such as hypertension and metabolic 
syndrome. However, depending on the study model, there 
are differences in the levels of Cd36 gene expression23,24; 
which can remain unchanged or increase in the tissues.

The Cd36 mRNA expression is the first molecular 
mechanism associated to development of fatty liver, for 
this reason it is very important to learn how Cd36 gene 
expression in the liver, is affected by different risk factors 
including the diet.
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Fig. 5. Expression levels of Cd36 mRNA in adipose and hepatic tissues of rats consuming 
sucrose (NAFLD-10 and 20 groups) with respect to control rats.  At 10 weeks, adipose (A) 
and hepatic tissue (B). At 20 weeks, adipose (C) and hepatic tissues (D). *P<0.05; 
**P<0.01 versus control.  
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(C) and hepatic tissues (D). *P<0.05; **P<0.01 versus control. 
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After 10 weeks of ingesting sucrose in drinking water, 
rats of the NAFLD-10 group showed no significant chang-
es in total calorie consumption with respect to the control 
group; however, at 20 weeks of ingesting sucrose, the rats 
in NAFLD-20 group showed an increase in total calorie 
ingestion compared to control rats. These dietary calories 
were not reflected in the body weight of the rats of the 
NAFLD-10 and 20 groups, however; the rats presented 
significant increased abdominal and epididymal fat. 

These results coincide with other reports which have 
shown that consumption of sugary drinks in humans and 
animals is associated with obesity, cardiovascular diseases 
and metabolic syndrome7,25,  as well as increased ectopic 
fat accumulation, regardless of other lifestyle factors26. 

The above results are related to the serum biomarkers, 
which showed significant changes in the rats consuming 
sucrose with respect to the control group. At 10 and 20 
weeks of sucrose intake, the rats of the NAFLD groups 
showed an increase in triglycerides, VLDL, free fatty ac-
ids, insulin, HOMA-IR and uric acid. The rats consuming 
sucrose showed a significative increase in total body fat 
which is associated with dyslipidemia (elevation of triglyc-
erides and VLDL) and insulin resistance. These results 
are similar to those of other research groups who have 
shown that the accumulation of abdominal fat results in 
excessive liberation of fatty acids from the visceral adipose 
tissue, increasing the risk of hyperinsulinemia and insulin 
resistance which are associated with an inflammatory and 
thrombogenic profile27-29. 

The rats in the NAFLD groups that consumed su-
crose (NAFLD-10 and NAFLD-20) showed similar cel-
lular dynamics in adipose tissue to those reported by Jo 
et al., who studied adipocyte size and distribution in sev-
eral degenerative diseases30,31, as well as examining how 
adipocyte population size shifts under various dietary 
conditions and among different rat strains. The increase 
in the percentage of adipocytes with a size greater than 
1000 µm2 in rats that consumed sucrose agree with other 
studies that show that the size distribution differences 
obtained correlate with a diabetic phenotype32. This is 
characterized by hypertrophy of adipocyte associated with 
hepatic steatosis development and inflammation33. 

In connection with the Cd36 gene expression and de-
velopment of fatty liver in rats, we have shown that the 
increase in triglycerides and fatty acids in the sera of rats 
in the NAFLD-10 and NAFLD-20 groups could be associ-
ated with the flux of free fatty acids from adipose tissue 
to liver as well as the development of grade 1 hepatic 
steatosis with mild portal inflammation after 20 weeks 
of sucrose consumption. The rats with fatty liver showed 
significant differences in Cd36 gene expression; while the 
expression levels in adipose tissue remained unchanged 
relative to control rats. The liver showed increased levels 
of Cd36 gene expression between weeks 10 and 20 of 
sucrose administration. These results indicate that hyper-
trophy and the storage capacity of adipose tissue allow 
it to maintain its basal levels of Cd36 expression. Since 
the liver is an organ that cannot increase in size unlike 
adipose tissue, it is forced to raise expression levels of the 
Cd36 gene. This could lead to in synthesis of the recep-

tor protein, as one of the molecular mechanisms for the 
development of NAFLD.

Some authors have shown that insulin resistance in-
creases the expression of the Cd36 gene in rat liver in 
a PPARγ-dependent manner, by increasing the localiza-
tion of the CD36 receptor in the plasma membrane of 
the hepatocyte, promoting the development of NAFLD 
(ref.34-36). Additionally, there are reports of CD36 receptor 
participation in the development of NAFLD associated 
with aging in animals and humans. It has been shown that 
aging increase the circulating levels of insulin, glucose and 
fatty acids in humans and mice37. Factors have been docu-
mented to either increase cellular CD36 expression or in-
duce CD36 translocation to the plasma membrane38,39,40,41, 

increasing the risk of NAFLD. Our results demonstrate 
that intake of sucrose could promote cellular conditions 
that increase the Cd36 mRNA expression.

CONCLUSION

In conclusion, sucrose intake for 10 and 20 weeks by 
Wistar rats caused abdominal obesity, insulin resistance 
and development of NAFLD, along with a significant 
increase in the expression of the Cd36 gene in hepatic 
tissue, but not in adipose tissue.
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