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Abstract Obesity is defined as the accumulation of adipose tissue, overweight and obesity are defined on the basis
of body mass index and this is accompanied by an increased prevalence of comorbidities as type 2 diabetes,
cardiovascular and metabolic disease in the population. The standard relationship between weight status and
metabolic health is not applicable for some subtypes of individuals, the subtypes are known as “metabolically obese,
but normal-weight”, and others are the “metabolically healthy, but obese” phenotypes. Regarding the problem of
obesity there are areas of progress, greater social and political awareness, development of new treatments, and an
extended base of evidence for its prevention and intervention. In contrast, the prevalence of this has increased
rapidly in the last two decades, largely to the lifestyle of large cities. For the study of overweight, obesity and its
physiopathology consequences, in addition to clinical studies in humans, are used animal models for understand the
evolution of disease and support the development of therapies, the animal models, the current animal models
generate rats with phenotype metabolically obese with overweight. In this research we proposed to evaluate the
effect of intragastric administration of a hypercaloric emulsion composed of fructose syrup and edible vegetable oil
on development of obesity in rats, we obtained rats with phenotype metabolically healthy but obesity only in eight
weeks with adiposity index of 11.5 vs 5.9 of control group and 8.3 on sham group with fructose drinking solution.
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Introduction

Obesity is defined as the accumulation of adipose tissue [1], the main factor that induces obesity is the excess of
carbohydrates and fats [2]. In 2008, an expert panel from the Obesity Society concluded that “the obesity is a
complex condition with many causal contributors, including many factors that are largely beyond individuals" [3],
[4]. Overweight and obesity are defined on the basis of body mass index (BMI), this is accompanied by an increased
prevalence of comorbidities as type 2 diabetes (MD2), cardiovascular and metabolic disease in the population,
included metabolic syndrome [5-8]. Around the world the obesity has increased more of double since 1980, and
more than 3.4 million people die every year because of this [9],currently affects 5% of children and 12% of adults
[10]. Currently, overweight and obesity is considered one of the main public health problems in the world as result
of growing and development of big cities with consequent accumulation of food and sedentary life style [11].
Special importance have the abdominal adipose tissue, which is strongly predictive of metabolic health [12, 13].
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Abdominal obesity is the result of the consumption of diets high in carbohydrates and fats, as well as foods with low
nutritional value, coupled with lack of physical activity [10, 14].

The increase of the intraabdominal or visceral adipose tissue causes an increase in the flow of free fatty acids (FFA)
towards the splanchnic circulation, while the subcutaneous tissue derivatives avoid the hepatic circulation and its
consequences (increase of glucose production, lipids synthesis and secretion of prothrombotic proteins). It has also
been found that the deposit of fat can be acquired in abnormally large peripheral adipocytes. The effect of adipocyte
size on the risk of MD2 development seems to be independent and additive to the effect of insulin resistance [15].
Dyslipidemia in metabolic disorders is characterized by elevated TG and very low density lipoprotein (VLDL), low
high density lipoprotein (HDL) and low density lipoprotein (LDL), which has been termed atherogenic lipoprotein
phenotype [16]. Normal lipid metabolism includes the release of FFA from adipocytes to circulating blood, to the
liver and muscle. In the liver, a part is oxidized and most are re-esterified to TG. There is a continuous transport of
FFA between adipose tissue and liver; however, if the re-esterification process becomes saturated, the accumulation
of TG can lead fatty liver.

The standard relationship between weight status and metabolic health is not applicable for some subtypes of
individuals. The subtypes are known as “metabolically obese, but normal-weight” (MONW), and others are the
“metabolically healthy, but obese” (MHO) phenotypes [4, 17]. The MONW phenotype are those who are normal
weight with an abnormal metabolic status. On the other hand, the MHO phenotype is those with a normal metabolic
profile who is obese [17]. As opposed to the MHO phenotype, the MONW phenotype has gained interest. These
patients are not obese per BMI criteria but have a dysfunctional metabolic profile as would be typically found with
obesity. Identifying potential risk factors associated with the MONW will be important to decide if health behaviors
should be modified [17]. Likewise, the factors associated with the MHO will indicate effective ways to prevent
obesity-related metabolic abnormalities [17]. MONW persons are a subgroup of individuals who have normal
weight and body mass index (BMI), but display a cluster of obesity-related abnormalities. Although there has long
been clinical recognition of this group of individuals, to our knowledge they were first described in detail in the
1980s. As described, these individuals can be young and display premature signs of insulin resistance,
hyperinsulinemia, and dyslipidemia that may eventually increase their risk for the development of diabetes and
cardiovascular disease [4].

Regarding the problem of obesity there are areas of progress, greater social and political awareness, development of
new treatments, and an extended base of evidence for its prevention and intervention. In contrast, the prevalence of
this has increased rapidly in the last two decades [18], largely to the lifestyle of large cities. Public health officials
are conscious about the need to mobilize resources to combat obesity epidemic by developing more effective
strategies for treating people who are obese and to prevent the development of obesity and/or obesity-related
complications [4]. In this sense, for the study of overweight, obesity and its physiopathology consequences, in
addition to clinical studies in humans, are used animal models for understand the evolution of disease and support
the development of therapies. We propose to evaluate the effect of intragastric administration of a hypercaloric
emulsion composed of fructose syrup and edible vegetable oil (1:1) on development of obesity. Therefore, the
present study was designed to developed an obesity model with normal weight phenotype (MONW) with an
hypercaloric emulsion designed for to emulate the consumption of fat and glucose substitutes for 8 weeks equivalent
at 5 or 6 human years, [19, 20] for future researches.

Materials and Methods

Rats

In this research were used adult male Wistar rats often months of age. The rats were bred and acclimated in the
vivarium. All experiments complied with the requirements and guidelines established by law respect at proper use,
care, and management of laboratory animals.

Emulsion

The emulsion used was made with edible vegetable oil, the property for portion (15.2 ml) is 518 kJ of energetic
content (5 g of linoleic acid, 1.1 g of linolenic acid, 5.9 g of monounsaturated fat 1.9 g of saturated fat). Also was
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used fructose syrup, the fructose syrup at 80% was prepared with fructose powder alimentary grade at hot water
bath. 100 ml of emulsion were prepared with 1:1 proportion (edible vegetable oil: fructose syrup at 80%), the
emulsificant agent used was Tween 80 ® (0.7 ml/ 100 ml).

Treatment

Three groups of 7 rats were formed, the intact control group was administrated with pure water as drinking water
and feed with standard rodent diet, with intragastric introduction of feeding needles 10 seconds but without
administration. The sham group was administrated with fructose solution (30%) as drinking water and feed with
standard rodent diet, with intragastric administration of emulsion vehicle (water-tween 80®, 0.007 ml tween/ml
water). Emulsion group was administrated with fructose solution (30%) as drinking water and feed with standard
rodent diet, with intragastric administration of emulsion (10 ml/kg). The food used was the Rodent Laboratory
Chow 5001® ad livitum. The treatment was administrated by eight weeks.

Consumption of food and water

Every day was weighed the feed intake (Rat Chow 5001®) with bascule of 0.1 g precision. The consumption of
water (intact control group) or fructose solution (30%, the sham group and treated group) was measured every day
with probate of 2 ml precision.

Variation of weigth

The rats were weighted daily in the morning with bascule of 1.0 g precision.

Oral glucose tolerance test (OGTT)

For the glucose tolerance test, the rats were fasted for 5 h prior to test[21]. A 20% glucose solution was
prepared[22],and this was administered v.o in the corresponding volume for a dose of 2.2 g/kg of weight[23].The
blood sample was collected from the base of the tail at 0, 30, 60, 90 and 120 min[22] and was recorded in mg/ dl by
glucometer determination[21].

Blood serum glucose and lipid profile

The animals were sacrificed by decapitation and the blood was collected in tubes without anticoagulant (tubes with
red cap). The sample was centrifuged at 3000 rpm and serum separated with micropipette. The lipid profile was
determined with the Selectra Junior® machine.

Adiposity index

The adiposity index was used as an indicator of obesity because it enables the precise evaluation of body fat
percentage[2]. This was evaluated with intraperitoneal fat calculated (this included epididimal fat + retroperitoneal
fat + visceral fat) by X-ray with densitometer HOLOGYC® model DISCOVERY, the image was analyzed with
HOLOGIC’s software. The adiposity index was obtained as (intraperitoneal fat calculated/body weight) X 100[24].
Statistical analysis

Data was tested in normality and equal variances for parametric analysis, if any of this condition not existed then
was realized non parametric analysis.

Results
Weekly consumption of food and water
The table 1 and 2 show that weekly food consumption and water diminished by oral administration of vehicle or
emulsion and fructose solution (30%) as drinking water. The oral administration of emulsion generates the highest
reduction of consumption of balanced food.

Table 1: Median food weekly consumption at grams

Week 1 2 3 4 5 6 7 8

Control group*  20.8+1.7 21.9+3.9 247+26 240+2.0 257+24 249+15 252+0.7 24.9+20
Sham group*  14.0+19 121+12 101+16 91+40 105+25 10.1+28 108+29 115+24
Emulsion group* 7.3+15 7.6+17 63+11 64+10 75+12 69+09 77+12 65+06

Groups with n=7. *p<0.05 by ANOVA for repeated measures with Post-Hoc test of Holme-Sidak.
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Table 2: Median weekly water consumption at ml
Week 1 2 3 4 5 6 7 8
Control group* 39.7+7.7 450+6.2 47.0+53 49.8+52 51.2+3.9 542+50 529+3.2 51.7+1.9
Sham group* 30.1+7.9 434+7.7 399+3.6 39.0+13.8 44.4+59 443 +55 451+75 452+75
Emulsion group* 21.9+59 295+6.0 24.4+7.1 234+56 28.1+4.6 281+58 28.1+53 263+4.4
Groups with n=7.*p<0.05 by ANOVA for repeated measures with Post-Hoc test of Holme-Sidak.

Variation of weight

The figure 1 shows the effect of oral administration of emulsion with fructose solution (30%) and fructose solution
(with oral administration of emulsion vehicle) on percentage of variation of weight. Both groups have a percentage
weight reduction compared with intact control group, but without differences between them.

—a&— Control group
—o— Sham group
—w— Emulsion group

% of variation of weigth

Week

Figure 1. Percentage of variation of weight for week (median + standard error): Control group ( =-*--); Sham
group (fructose solution at 30%) in drinking water™> (= ® =); emulsion group (oral administration of emulsion)* (
—e .. ANOVA for repeated measure. *p<0.05 with respect control group, Holm-Sidak post-hoc test

Oral glucose tolerance test (OGTT)
The figure 2 shows the results of OGTT, the fructose solution (30%) as drinking water increased the blood glucose in
this test, this effect was greater with oral administration of emulsion. The results show a tendency to increase glucose
in blood on this test but without significant difference in the evaluated time.
240
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Figure 2: Oral glucose tolerance test (median + standard error): Control group ( =*--); group of Fructose 30% in
drinking water (- ®-); emulsion group (—e- :.
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Lipid profile and glucose
The table 3 shows the blood serum glucose and lipid profile (cholesterol, triglycerides and HDL cholesterol).
Glucose, Cholesterol and HDL cholesterol no present statistical differences but sham group (fructose solution 30% as
drinking water) have statistical differences in triglycerides values. The emulsion group no present differences on
glucose and lipid profile with control group.

Table 3: Blood serum glucose, and lipid profile

Groups Glucose Cholesterol Triglycerides HDL

(mg/dl) (mg/dl) (mg/dl) (mg/dl)

Mean + Stdesv Mean+ Stdesv Mean+ Stdesv Mean+ Stdesv
Control group 136.1 +22.0 53.8+5.3 71.5+23.8 21.0+ 2.0
Sham group 139.7+ 7.3 61.6+ 6.6 130.5 + 28.6* 24.4+ 3.4
Emulsion group 156.0+ 60.1 60.1+ 5.6 88.0+57.4 21.4+ 2.8

Groups with n=7. *p<0.05 vs control group by ANOVA with Post-Hoc test of SNK.

Abdominal adipose tissue and adiposity index

The table 4 shows the percentage of visceral fat calculated by X-ray (figure 3) and adiposity index. The percentage of
visceral fat presented statistical difference the sham group and emulsion group with respect at control group but no
have differences between them. On adiposity index the sham group and emulsion group present statistical difference
with respect to control group and between them.

Table 4: Visceral fat and body mass index

Group Weight Height Mean BMI Adiposity index
(9) (cm) % Fat

Control 493.0 25.6 20.7+3.3 1.9 5.9(+1.4)*

Sham 571.0 25.3 30.8+1.1* 2.3 8.3(+0.4)*

Emulsion 523.4 24.9 36.3+6.6* 2.1 11.5(+2.5)*

The records are reported in mean. Groups with n=5. *p<0.05 vs control group by ANOVA with Post-Hoc test of
SNK.

B
Figure 3: Estimation of visceral fat by X-Ray with densitometer HOLOGYC® model DISCOVERY. A) Control
group; B) Sham group; C) Emulsion group.

Discussion

The consumption of feed (table 1) and water (table 2) of control group is compeered with the consumption reported
by Francisqueti et al 2017 with rats of 10 weeks of age with 6, 12 and 24 weeks of feeding of an intact control
group, and the consumption of our sham group (fructose solution 30% as drinking water and introduction of feeding
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needles (10 seconds) without oral administration of emulsion) is compared with the group administered of fructose
solution at 10% of these research [2]. The group with oral administration of emulsion take around a third rations of
feed and a half of fructose solution (30%) as drinking water with respect to control group.

The current foods or supplements administered for to induce overweight or obesity in rats or mice are glucose or
substitutes of glucose (naturals or artificial) diluted in drinking water (5 to 20% in general for 16 or more weeks),
also be used special food with elevated caloric content of varied composition of lipids and carbohydrates [2, 6, 25—
28] this treatment increased weight, body mass index and visceral fat with increase in triglycerides, cholesterol and
glucose serum, that is, they generate a models of obesity with metabolic disorders and elevated weight (MUO
animal model). The treatment with emulsion, evaluated in this work, generate a loss weight light (figure 1)
compared with others treatments reported, the triglycerides not changes significantly with respect to control group
but increased the fatty tissue, the sham group increased triglycerides concentration in compare to control and
emulsion groups with increased fatty tissue between control group and emulsion group, this results suggest that
differentiation of adipocytes is increased with the emulsion. The cholesterol and HDL of emulsion group are more
nearly at control group values compare with sham group, the glucose no have significantly difference but have a
tendency to increase inclusive more than register in sham group (table 3), in this sense, on the OGTT, the emulsion
group present more intolerance to glucose (figure 2). These results are complemented with BMI with 1.9 in control
group versus 2.1 to emulsion group and 2.3 in sham group (table 4). Nevertheless, adiposity index in emulsion group
increase almost double with respect to control group (p>0.05), inclusive more than sham group (table 4, figure 3).
Although there are different recognized obesity phenotypes, for the MHO and MONW phenotypes there are no
established criteria to define them. However, the study and understanding of its causes are important given that these
subgroups represent more than 20% of the obese population, and understanding their causes will allow developing
appropriate therapies for the treatment of obesity and for the timely diagnosis of the development of this [3, 4, 17,
29, 30]. Then, this treatment can be to use to generate a model of MONW Wistar rats, with this treatment the rats
have accumulation of adipose tissue increased adiposity index, but no have increased of weight and BMI. The
triglycerides, cholesterol and HDLc comparable with intact group.

Conclusion

The oral administration of emulsion (edible vegetable oil: fructose syrup at 80%, 1:1) induce obesity without
increased corporal weight phenotype (MONW), with normal body mass index and lipid profile (triglycerides,
cholesterol and HDL cholesterol), but increased visceral fat and with this the adiposity index. Then, this emulsion
can to induce MONW phenotype animal model for future researches in design of therapies and treatments for these
patients.
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