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Abstract 
Obesity is a public health problem associated with oxidative stress, chronic inflammation, and insulin resistance. The 
present study analyzed the cafeteria diet's effects on obesity, oxidative stress, chronic inflammation, and insulin 
resistance in Wistar rats. Thirty-five male rats were divided into four groups: 1, control (n=10); 2, cafeteria diet (n=9) 
during 26 weeks (age relative to human adolescence); 3, control 38 weeks (n=9); 4, cafeteria diet during 38 weeks (n=7) 
(age relative to human adults). The percentage of total adipose tissue (TAT), body mass index, Lee's index, and insulin 
sensitivity (QUICKI-HOMA) were calculated, as well as metabolic parameters such as lipid profile, glucose levels, 
glycosylated hemoglobin, antioxidant and oxidative status, TNF-α, and IL-6. Both rat groups with cafeteria diet increased 
their weight 45.13±15.73 g and TAT 7.75 ± 0.64 g significantly at 26-week, and 46.7±9.05 g weight and TAT 9.97 ± 0.46 
at 38 weeks compared to the control group (p<0.05 and p<0.01, respectively). Total cholesterol, HDL, LDL, triglycerides, 
glucose, Insulin, TBARS, GSH, and catalase activity levels increased in both 26 and 38-week groups vs. control  (p<0.01), 
and TNF-α only at 26 weeks (p<0.01). In conclusion, the cafeteria diet induces obesity in rats, accompanied by 
hyperglycemia, dyslipidemia, oxidative stress, inflammation, insulin resistance, and TAT. Induction of obesity with a 
cafeteria diet could be used to study the mechanisms involved in the genesis of overweight, obesity, and comorbidities 
to establish intervention strategies to prevent these pathologies during adolescence and adulthood. 
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INTRODUCTION* 

Obesity is considered a risk factor for 
developing comorbidities such as type 2 diabetes 
mellitus (T2DM), metabolic syndrome, 
dyslipidemia, coronary heart disease, hepatic 
steatosis, and cancer [1-5]. Obesity has a 
multifactorial etiology involving environmental 
factors and unhealthy lifestyles. A sedentary 
lifestyle with hypercaloric foods rich in fats or 
carbohydrates is related to overweight and 
obesity [6-11]. Other causal factors contributing 
to obesity are hormonal changes [12,13] and 
hereditary genetic factors [14,15].   

The obesity is a risk factor to metabolic changes 
involved with dyslipidemia, lipotoxicity [16], 
oxidative stress, inflammation, and insulin 
resistance [17,18]. To study obesity and its 
comorbidities, animal models were used to 
understand this pathophysiology and find new 
therapies. These models include gene alterations 
by depleting a specific gene or polygenic models 
[19]. These models show the association between 
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genes and obesity development [20]. In contrast, 
the most frequent models for studying obesity 
involved feeding rodents with a hypercaloric diet 
high in fat [21-23]. The cafeteria diet uses highly 
appetizing foods such as cookies, fries potatoes, 
cakes, salami, and pate [24]. These foods are 
characterized by their high fat, carbohydrates, 
sodium content, and additional additives. It is 
similar to the human diet and more effective in 
producing obesity and metabolic alterations than 
high-fat or high-calorie meals diets only [25,26], 
such as dyslipidemia, increased adipose tissue, 
inflammation, oxidative stress, hyperglycemia and 
even insulin resistance [27-32]. These models have 
the disadvantage that the first diet needs to be 
standardized, and the calorie content varies 
depending on the type of food given to rodents. 
Furthermore, additives such as preservatives, 
colorants, vitamins, and minerals may alter the 
amount consumed depending on the hedonic 
neural signals received [33-35]. Another 
disadvantage is the five weeks of general diet 
administration; this age of onset is six weeks old, 
correlating with adolescence in humans [27-32].  

In this study, a cafeteria diet was used, which 
consisted of high-calorie, industrialized foods that 
were labeled junk food, such as cookies, cupcakes, 
fries potatoes, and pate. In México, these foods are 
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the most popular among children aged 1-11 years 
old and adults [36]. Therefore, the aim of the 
present work was to study the cafeteria diet 
effects at 26 and 38 weeks on physiological and 
metabolic status in Wistar rats. 

MATERIAL AND METHODS 
Experimental Design and Animals  

Thirty-five male rats Wistar strain, 28-day-old 
were used (Laboratorio de Bioquímica y 
Neurotoxicología, Facultad de Bioanálisis, 
Universidad Veracruzana, Xalapa, Veracruz, 
Mexico). The animals were housed in 58 x 36 x 20 
cm acrylic boxes in an inverted cycle of 12 h 
light/dark, temperature 19.08 ± 0.33°C, and 
humidity 58.87 ± 0.57%. The rats were randomly 
divided into four groups: 1, the control group fed 
with Purina® rodent Chow kibbles 26 weeks; 2, 
cafeteria diet 26 weeks (W26); 3, the control 
group fed with Purina® rodent Chow kibbles 26 
weeks 38 weeks; 4, cafeteria diet 38 weeks (W38) 
fed with a human-like designed cafeteria diet 
with highly palatable foods commonly consumed 
in Mexico (Table 1). All animals received filtered 
water and food ad libitum, which was weighed 
and measured daily. At the beginning of the 
experiment, with a 4-hour fast, a blood sample 
was obtained from the rats, and the serum levels 
of glucose, cholesterol, and triglycerides were 
quantified. Weight and height were measured 
weekly, and the criteria for obese rats were 
according to the growth curve [37], BMI, and 
Lee's index [38]. Two cuts were made: one at 
week 26 of the experiment with two groups 1, 
control (n = 10) and 2, group W26 (n = 9), and 
another cut at week 38; 1, control (n = 9) and 2, 
group W36 (n = 7), at the end of each experiment 
with eight h of fasting the rats were euthanized 
with and an overdose of pentobarbital  120 
mg.kg-1 intraperitoneal injection, in a volume of 1 
mL.100g-1 of body-weight, respectively. 

Blood samples were obtained by cardiac 
puncture. The serum and plasma were stored at -
80°C for biochemical determinations. Finally, the 
visceral, epididymal, and subcutaneous adipose 

tissue was extracted and weighed, and the BMI 
and Lee's index were obtained. The Internal 
Committee for the Care and Use of Laboratory 
Animals approved the experiment (CICUAL) from 
Unidad de Ciencias de la Salud, Universidad 
Veracruzana, Xalapa region, Veracruz, Mexico, 
with the number of approval CICUAL-UCS-004).  

Metabolic Markers  
The serum levels of glucose, total cholesterol, 

triglycerides (TG), HDL-cholesterol, and LDL-
cholesterol were quantified by enzymatic assays 
with commercial kits (BioSystems SA, Barcelona, 
Spain), and the VLDL-cholesterol values were 
calculated (VLDL-cholesterol = TG/5). Commercial 
kit cartridges (Abbot, Green Oaks, Ill, USA) 
determined the percentage of glycosylated 
Hemoglobin (HbA1C). Serum insulin levels were 
quantified by ELISA using a commercial kit 
(RAB0904, Sigma Aldrich, St. Louis, MO, USA).   
Insulin sensitivity was determined using the 
Quantitative Insulin Sensitivity Check Index 
(QUICKI) (1 / log glucose (mg.dL-1) + insulin 
(µIU.mL-1) and the Homeostasis Model 
Assessment using the formula (HOMA-IR) 
(glucose (mg.dL-1) x insulin (µIU.mL-1) / 2430) 
according to previous studies [39,40].  

Inflammation Markers  
Tumor necrosis factor alpha (TNF-α) 

(RAB0479, Sigma Aldrich, St. Louis, MO) and 
interleukin 6 (IL-6) (RAB0312, Sigma Aldrich, St. 
Louis, MO) levels were quantified by ELISA 
following the manufacturer's instructions. 

Markers of Antioxidant Status and Oxidative 
Stress  

Antioxidant status was determined by 
catalase activity (CAT), superoxide dismutase, 
and glutathione (GSH) content that were 
quantified by colorimetric methods using a 
standard curve with known concentrations. 
Oxidative stress through the determination of 
plasma levels of malondialdehyde (MDA) 
following the manufacturer's instructions (STA-
330, Cell Bio labs, INC, San Diego, CA, E.U.). 

Table 1. Control diet and cafeteria diet (100 g of diet) composition 

Composition 
Purina Rodent Chow Cafeteria diet 

g  Kcal % g % Kcal % 

Carbohydrates 48.70 194.80 51.62 206.48 

Fat 5.00 45.00 16.39 147.51 
Protein 23.90 95.60 12.76 51.04 

Total Kcal.g-1 3.35 4.05 

Notes: Cafeteria diet ingredients= pastries, cream snow cookies, chocolate cookies and shortbread orange cookies; fries´ 
potatoes, pork liver pate and Rodent Chow® croquettes (Purina, México). Each one administered on demand every 24 hours, 
except for the pâté, which was available 10 g daily.  
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Statistical analysis  
Results are presented with mean ± standard 

error of the mean. The significant differences 
between groups were determined by a t-test or 
two-way ANOVA of repeated measures with 
Tukey's post hoc test. The data were analyzed 
with the SIGMAPLOT program (v. 12.0, Systat 
Software, Inc., San Jose, California, USA). 

RESULTS AND DISCUSSION 
The Cafeteria Diet Induces Obesity, Dyslipidemia 
and Hyperglycemia at Weeks 26 and 38  

Table 2 reveals that rats fed with a cafeteria 
diet increased their weight by 45.13 ± 15.73 g at 
week 26 compared to rats with a control diet (P 
<0.05, Table 2). Rats fed with the cafeteria diet at 
week 26 had an increase in BMI> 0.7, Lee's index 
of > 0.3, and fat tissue deposits (Table 2). 
Meanwhile, the group fed with the cafeteria diet 
until 38 weeks increased weight by 46.71 ± 9.05 g 
(P <0.001), BMI 0.07 ± 0.0112 g.cm-2 (P <0.001), 
the Lee index 0.01 ± 0.000935 g.cm-1 (P <0.001) 
and, the accumulation of adipose tissue 
compared with a cafeteria control group 26 
week. Table 3 shows that rats fed with a cafeteria 
diet for 26 weeks had a significant increase in 
glucose levels (P <0.001), HbA1C (P <0.001), and 
insulin (P <0.001).  

Compared to control rats   observed insulin 
resistance (increase in HOMA-IR and decrease in 
QUICKI). At week 26 of the experiment, the lipid 
profile indicates an increase in total cholesterol 
(P <0.001), VLDL-cholesterol (P <0.001), 
triglycerides (P <0.001), and total lipids (P <0.001) 
compared to control rats (Table 3). This 
significance was maintained in the rats that 
continued until week 38 of the experiment, when 
the levels of glucose (P= 0.014), total cholesterol 
(P <0.001), and triglycerides (P <0.001) increased 
significantly when the group of cafeteria diet at 
week 26 was compared to the group of cafeteria 
diet during 38 weeks (Table 3). At week 38 of the 
experiment, the levels of VLDL-cholesterol (P 
<0.001) and total lipids (P <0.001) increased 
significantly in the group fed with cafeteria diet 
compared with control rats (Table 3). 

Effect of Cafeteria Diet  
Table 4 shows an increase in the TNF-α levels 

(P <0.001) with a tendency to increase IL-6 levels 
in the group fed with cafeteria diet at 26 and 38 
weeks compared with the control diet group. In 
both groups fed with cafeteria diet was observed 
a significant increase of TBARS and the activity of 
the enzymes catalase (P <0.001) and glutathione 
(P <0.001, Table 4).  

Table 2. Hypercaloric cafeteria diet effects on physical variables at weeks 26 and 38 

Variable Control W26 Control W38 

Final weight (g) 425.08 ± 7.51 470.21 ± 15.73* 424.96 ± 14.63 502.00 ± 14.89* 
BMI (g.cm-2) 0.66 ± 0.01 0.73 ± 0.02* 0.70 ± 0.01 0.82 ± 0.03* 
Lee's index (g.cm-1) 0.30 ± 0.001 0.31 ± 0.003* 0.30 ± 0.003 0.32 ± 0.005* 
Total TA (%) 4.06 ± 0.32 11.81 ± 0.96*** 5.51 ± 0.41 15.48 ± 0.87*** 
Visceral TA (%) 2.24 ± 0.12 7.34 ± 0.70*** 2.66 ± 0.22 8.06 ± 0.47*** 
Subcutaneous TA (%) 0.58 ± 0.19 2.47 ± 0.38*** 1.43 ± 0.16 4.92 ± 0.55*** 
Epididymal TA (%) 1.23 ± 0.11 1.97 ± 0.26* 1.41 ± 0.08 2.49 ± 0.020* 

Notes: W26=cafeteria diet 26 weeks; W38= cafeteria diet 38 weeks; TA=adipose tissue; Body mass index= BMI. Data are 
presented as media ± standard error. Level of significance *P <0.05, **P<0.01, ***p<0.001 vs control group. Control W26 n = 
10; group W26 n = 9; Control group W38 n = 9 and Group W38 n = 7. 

Table 3. Biochemical determinations after of cafeteria diet at week 26 and 38 

Variable Control 
W26 

Group W26  Control W38 Group W38 

Glucose (mg.dL-1)   98.86 ± 11.17 319.43 ± 19.80***  125.14 ± 27.19 310.97 ± 44.03* 
HbA1C (%)     1.28 ± 0.06 3.77 ± 0.16***  1.01 ± 0.22 2.40 ± 0.43 
Insuline (uIU.mL-1)   26.31 ± 6.27 58.04 ± 9.51***  29.71 ± 6.66 48.70 ± 20.12 
HDL-cholesterol (mg.dL-1)   48.03 ± 1.77 50.38 ± 2.36  53.47 ± 0.25 54.73 ± 0.95 
LDL-cholesterol (mg.dL-1)   54.77 ± 0.82 55.80 ± 2.06  58.85 ± 3.13 59.07 ± 7.22 
VLDL-cholesterol (mg.dL-1)   25.15 ± 1.24 38.70 ± 1.06***  28.30 ± 1.17 53.65 ± 4.59*** 
Triglyceride (mg.mL-1) 125.70 ± 26.21 193.51 ± 5.34***  141.51 ± 25.89 268.26 ± 22.95** 
Total Cholesterol  (mg.mL-1)   58.95 ± 1.50 127.64 ± 12.31***  65.63 ± 3.12 187.47 ± 18.12*** 
 Total Lipids (mg.dL-1)   43.60 ± 7.25 148.79 ± 8.80***  142.77 ± 8.83 343.20 ± 34.27*** 
HOMA-IR     0.42 ± 0.10 4.68 ± 0.73***  5.58 ± 1.26 11.85 ± 4.90 
QUICKI     0.38 ± 0.02 0.25 ± 0.01***  0.25 ± 0.01 0.24 ± 0.01 

Notes: W26=cafeteria diet 26 weeks; W38= cafeteria diet 38 weeks. Data are presented as media ± standard error. Level of 
significance *P <0.05, **P<0.01, ***p<0.001 vs control group. Control W26 n=10; group W26 n = 9; Control group W38 n = 9 
and Group W38 n=7. 
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Table 4. Effect of cafeteria diet in oxidative stress, antioxidant status and inflammation parameters 

Variable Control W26 Group W26 Control W38 Group W38 

TNF-α (pg.mL-1) 342.87 ± 98.28 4779.78 ± 996.32*** 1032.02 ± 341.82 2271.17 ± 529.81 
IL-6 (pg.mL-1) 21.78 ± 8.01 41.06 ± 9.34 21.12 ± 4.53 38.85 ± 17.42 
TBARS (μM MDA) 6.62 ± 0.30 10.87 ± 0.36*** 6.45 ± 0.42 17.37 ± 3.01*** 
GSH (nmoles.mL-1) 6.79 ± 0.45 13.67 ± 1.00*** 20.92 ± 2.57 36.22 ± 2.83* 
Catalase (% de cat.mg de prot-1) 18.48 ± 0.28 34.97 ± 0.84*** 22.91 ± 3.23 52.18 ± 5.47*** 
SOD ND ND 79.72 ± 1.21 70.01 ± 2.94* 

Notes: TBARS = Thiobarbituric Acid Reactive Species; GSH = Glutathione; SOD = Superoxide dismutase; IL-6 = Interleukin; TNF-α 
= Tumor necrosis factor alpha; ND= not determined. Level of significance *P <0.05, **P<0.01, ***p<0.001 vs control group. 
Control W26 n = 10; group W26 n = 9; Control group W38 n = 9 and Group W38 n = 7. 

 In our study, the cookies, cupcakes, fries’ 
potatoes, and pate were featured on a cafeteria 
diet that contained high-calorie, processed meals 
that were labeled junk in our research. This form 
of eating is more widespread in the age groups 
between 1-11 years old in México [36], and it 
promotes the development of obesity in 
adulthood. In our study, cafeteria diet causes 
weight gain and the creation of excess adipose 
tissue, mainly abdominal adipose tissue, 
supporting what has previously been observed in 
young rats given a cafeteria diet [41,42].  

The physical variables of BMI, Lee's index, and 
the growth curve are used to diagnose obesity in 
rodents [37,38]. In this study, rats fed with a 
cafeteria diet had a higher Lee index and BMI and 
a significant weight increase in accord with the 
intake of hypercaloric foods from a cafeteria-type 
diet as described in other studies [27,29-
32,39,42].   

Although various obesity models have aided 
the understanding of pathophysiological 
mechanisms and their comorbidities [43], they 
have limitations. For example, the model with 
mono and polygenic alterations to induce obesity 
by depleting the leptin gene or polygenic models 
that include the interaction of more genes with 
the environment and development of obesity 
[19]. These models only allow us to investigate a 
gene linked to obesity or to induce a mutation in 
a single gene to produce an obese phenotype 
[20]. Hypercaloric diets are used more frequently 
to induce obesity [21-23]. In addition, the BMI 
increase has been associated with leptin and 
adiponectin, both satiety and hunger hormones. 
Future studies are being conducted to examine 
the association between consuming a cafeteria 
diet with leptin and adiponectin hormones [44]. 

The increase in caloric intake resulted in 
increased serum glucose levels in the rat fed with 
cafeteria diet, in contrast with other studies that 
report lower levels [25,26,29,41]. It is possible 
that this increase could be a longer cafeteria diet 

administration time, up to 26 weeks. In addition, 
glucose levels increased when insulin resistance 
was established [16]; in this study, the cafeteria 
diet is capable of inducing alterations in the 
HOMA-IR and QUICKI compared with the control 
group after 26 weeks. These observations are 
reported in other models [25,26,33,41].  

The inflammatory process mediated by 
cytokines such as TNF-α and IL-6, oxidative stress, 
and dyslipidemias is the mechanisms linked to 
insulin resistance [17,18]. In accordance with 
these, serum levels of total cholesterol, VLDL-
cholesterol, LDL-cholesterol, and triglycerides are 
increased in rats fed with the cafeteria diet. In 
addition, an increase in TNF-α was found after 26 
and 38 weeks with cafeteria diet, in accord with 
previous reports that show that high 
consumption of foods rich in lipids causes a more 
significant accumulation of adipose tissue and 
induces an inflammatory state [31]. 

In addition, pro-inflammatory cytokines such 
as TNF-α and IL-6 are used as biomarkers to 
determine an individual's inflammatory status. 
The increase in TNF-α has been reported in 
rodents with a diet rich in fat [33, 45]. However, 
the levels reported are lower compared to our 
results. These differences could be by the more 
prolonged cafeteria diet of 26 and 38 weeks that 
increases TNF- α, but the levels of IL-6 are not 
significantly different with the control group. 
Bortolin et al. [33] show similar results, and IL-6 
seric level was not significantly different from the 
control group. It could indicate that the 
inflammatory state is mediated mainly by TNF-α 
and not by IL-6. An increase in the production of 
free radicals and the activity of antioxidant 
enzymes accompanies this homeostatic 
alteration. Our results show a significant increase 
in lipoperoxidation, catalase activity, and total 
glutathione levels in the group fed with cafeteria 
diet. However, similar studies do not report 
rodents' antioxidant status to demonstrate the 
effect of cafeteria diet [41,42]. 
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CONCLUSION 
Cafeteria diet induces obesity and insulin 

resistance with alterations in the inflammatory 
state, oxidative stress, antioxidant status, and 
lipid profile in both rat groups at 26 and 38 
weeks. These parameters are similar to those 
found in obese humans during adolescence and 
adults. The induction of obesity models with 
cafeteria diet could be used to carry out studies 
to understand the mechanisms involved in the 
genesis of overweight, obesity, and their 
comorbidities and establish intervention 
strategies to combat these pathologies during 
adolescence and adult. 
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