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Obesity is the most prevalent nutritional disorder. Healthy diets
helps people maintain and improve their general health. This
study aimed to assessment of low and very low calorie diets
through determination of its effect on lipid metabolism, iron
profile and kidney function in obese male rats. To achieve our aim
forty five male albino rats were used and divided into 4 groups:
control group, obese group with 75 calories diet, obese group with
60 calories diet and obese group with 45 calories diet. Our result
showed significant disturbance of lipid, iron and kidney profile on
supplementation of 75 calories diet to obese group of male rats
and significant improvement in lipid, iron and kidney profile on
supplementation of 60 calories diet or 45 calories diet to obese
group of male rats. The results confirmed that, high fat diet able to
produce significant disturbance in lipid metabolism, iron profile
and kidney function while low calorie diets able to improving the
disturbance in such parameter.
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1. Introduction

Obesity is a worldwide disease related to genetic, environmental, and behavioral factors and it is
associated with high rates of morbidity and mortality [1]. It defined as an excess of body fat relative to
lean bodymass [2]. Clinically, obesity is defined on the basis of bodymass index (BMI). Individuals with
BMI between 25 and 29.9 kg/m2 is termed overweight and those with BMI 30 kg/m2 or more is
classified as obese. [3].

Obesity is associatedwith significant health problems including high blood pressure, heart diseases,
diabetes, stroke, osteoarthritis, sleep apnea, premature death and decreased life quality [4].

A healthy diet helps maintain or improve overall health and provides the body with essential
nutrition: fluid, macronutrients, micronutrients, and adequate calories [5].

Energy intake (calories) should be in balance with energy expenditure. Evidence indicates that total
fat should not exceed 30% of total energy intake to avoid excessiveweight gain. Saturated fats should be
less than 10% of total energy intake and trans-fats to less than 1% of total energy intake, with a shift in
fat consumption away from saturated fats and trans-fats to unsaturated fats, and towards the elimi-
nation of industrial trans fats [6].

Restricted consumption of free sugars to less than 10% of total energy intake is part of a healthy diet
but further reduction to less than 5% of total energy intake is suggested for additional health benefits.
Weight loss promoting diets can be categorized as: low-fat, low-carbohydrate, low-calorie, very low
calorie and more recently flexible dieting [7].

The current research was designed to evaluate biochemical changes associated with low and very
low calorie diets on lipid metabolism, iron profile and kidney function in obese male rats through
determination of: plasma AST (Aspartate Aminotransferase), total protein, albumin, cholesterol,
plasma triglycerides, VLDL (Very Low Density Lipoprotein), LDL (Low Density Lipoprotein), HDL (High
Density Lipoprotein), plasma iron, ferritin, plasma transferrin, TIBC (Total Iron Binding Capacity), serum
urea and serum creatinine.
2. Materials and methods

Forty five male albino rats, 6e8 weeks old, with average body weight 150e180 gm used in the
experimental investigation of this study and obtained from “The Laboratory Animals Research Center”
Benha University. Rats were housed in separate wire mesh cages, exposed to good ventilation, hu-
midity and to a 12-hr light, dark cycle and provided with a constant supply of standard pellet diet and
plenty of fresh, clean drinking water ad-libitum.

Animals were kept at constant environmental and nutritional conditions throughout the period of
the experiment and left for 15 days adaptation period prior to the inception of experiment.
2.1. Experimental design

Rats were randomly assigned into four groups, placed in individual cages and classified as
following:

2.1.1. Group 1 (Control normal group)
Comprised 15 rats, provided only with a basal ration throughout the course of the experiment and

served as control.

2.1.2. Group II (Obese group with 75 calories diet)
Included 10 rats, received a high fat diet according to [8] for 4 week period then each rat was fed

daily with 75 calories diet according to [9] for 3 months.
25 gm mash 21% protein. 20 gm crushed sorghum.
21 gm crushed beans 22 gm wheat.
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2.1.3. Group III (Obese group with 60 calories diet)
Included 10 rats, was received a high fat diet according to [8] for 4 week period then each ratwas fed

daily with 60 calories diet according to [10] for 3 months.
20 gm mash 21% protein. 16 gm crushed sorghum.
13 gm crushed beans 17 gm wheat.

2.1.4. Group IV (Obese group with 45 calories diet)
Included 10 rats, was received a high fat diet according to [8] for 4 week period then each ratwas fed

daily with 45 calories diet according to [10].
15 gm mash 21% protein. 12 gm crushed sorghum.
10 gm crushed beans 13 gm wheat.
2.2. Blood samples

At the end of the experiment, rats of each group were sacrificed by cervical decapitation. Blood
samples were collected in dry, clean, screw capped serum separating tubes then plasmawere separated
by centrifugation at 2500 r.p.m for 15 min and kept in deep freeze at 20� C until used for subsequent
biochemical analysis: plasma AST, total protein, albumin, cholesterol, plasma triacylglycerol, VLDL, LDL,
HDL, plasma iron, ferritin, plasma transferrin, TIBC (Total Iron Bending Capacity), serum urea and
serum creatinine. (see Tables 1e4)

3. Discussion

Increased consumption of nutrient poor foods with high levels of sugar and saturated fats have led
to three folds rise in obesity rates. The rising epidemic reflects the profound changes in society and in
behavioral pattern of communities over recent decades [11].

The obtained results showed that supplementation of 75 calories diet to obese group of male rats
daily for 3 months, exhibited a significant increase in serum AST activity, total protein and serum al-
bumin concentrationwhen compared with control normal groupwhile supplementation of 60 calories
diet to obese group of male rats daily for 3 months, exhibited a significant improvement in serum AST,
total protein and serum albumin concentration activity when compared with obese group. Moreover,
additional improvement in serum AST in the obese rats administrated 45 calories diet daily for 3
months.

Our results came in accordance with [12] who found that, the mean values of serum AST, ALT and
glucose were significantly decreased after weight loss phase. High-fat diet (HFD) and high-fructose
beverages (HF) or both (HFHF) increased body weight, leptin, Homeostatic Model Assessment In-
dexes (HOMA2-IR) associated to steatosis, oxidative stress in plasma and tissues. HFHF induced fasting
hyperglycemia and persistent hyperinsulinaemia and fasting hyperglycemia with complicated stea-
tosis. High fat and high carbohydrate induced type 2 diabetes with widespread tissues effects. The
oxidative stress has passive role toward pathogenesis and hepatic and vascular complications [13].

In addition [14], demonstrated that, overweight and obesity are major risk factors for diseases such
as type 2 diabetes, coronary heart disease, sleep apnea, cancer, and liver disease such as non alcoholic
Table 1
High fat diet according to [8].

Composition High fat diet (g/kg) Composition High fat diet (g/kg)

Casein 200 Dextrin 100
Saturated fat (Lard) 200 Cellulose 50
Corn oil 150 Vitamins mix 10
Cholesterol 3 Minerals mix 10
Coconut oil 25 Amino acids 5
Corn starch 75 Cholic acid 2
Sucrose 170 Total 1000 g



Table 2
The effect of 75, 60 and 45 calories diet supplementation in obese male rats on different biochemical parameters.

Parameter Groups Durations of treatment

After 2 months After 3 months

AST activity (U/l) Control normal group 74.63 ± 3.12d 79.84 ± 3.45c

Obese group þ 75 calories diet 90.54 ± 3.03b 99.95 ± 3.24b

Obese group þ 60 calories diet 81.19 ± 2.99c 75.16 ± 2.63c

Obese group þ 45 calories diet 143.67 ± 4.58a 116.17 ± 6.22a

Total protein concentration (g/dL) Control normal group 6.58 ± 0.22b 6.77 ± 0.26b

Obese group þ 75 calories diet 7.32 ± 0.13a 7.90 ± 0.22a

Obese group þ 60 calories diet 6.95 ± 0.16b 6.61 ± 0.18b

Obese group þ 45 calories diet 5.52 ± 0.19c 5.33 ± 0.18c

Albumin concentration (g/dL) Control normal Group 2.97 ± 0.12c 3.08 ± 0.10c

Obese group þ 75 calories diet 3.49 ± 0.11a 3.89 ± 0.10a

Obese group þ 60 calories diet 3.35 ± 0.12b 3.10 ± 0.10b

Obese group þ 45 calories diet 2.99 ± 0.08c 2.89 ± 0.06c

Urea concentration (mg/dL) Control normal group 24.82 ± 1.32c 26.61 ± 1.39c

Obese group þ 75 calories diet 29.76 ± 1.06b 35.22 ± 1.35b

Obese group þ 60 calories diet 25.39 ± 1.04c 23.33 ± 1.29c

Obese group þ 45 calories diet 58.09 ± 2.94a 60.83 ± 3.19a

Creatinine concentration (mg/dL) Control normal group 0.54 ± 0.03c 0.59 ± 0.05c

Obese group þ 75 calories diet 0.88 ± 0.04b 0.98 ± 0.06b

Obese group þ 60 calories diet 0.43 ± 0.03d 0.37 ± 0.05d

Obese group þ 45 calories diet 1.96 ± 0.11a 2.09 ± 0.12a

Data are presented as (Mean ± S.E), S.E ¼ Standard error.
Mean values with different superscript letters in the same column are significantly different at (P < 0.05).

Table 3
The effect of 75, 60 and 45 calories diet supplementation in obese male rats on different biochemical parameters.

Parameter Groups Durations of treatment

After 2 months After 3 months

Total cholesterol concentration (mg/dL) Control normal group 71.62 ± 2.92b 75.09 ± 2.36b

Obese group þ 75 calories diet 126.97 ± 3.28a 142.36 ± 3.79a

Obese group þ 60 calories diet 56.67 ± 2.73c 52.62 ± 2.14c

Obese group þ 45 calories diet 47.40 ± 1.76d 41.38 ± 1.86d

triacylglycerols concentration (mg/dL) Control normal group 66.43 ± 3.12b 71.84 ± 3.45b

Obese group þ 75 calories diet 176.53 ± 2.73a 185.65 ± 2.69a

Obese group þ 60 calories diet 62.45 ± 1.97c 54.54 ± 2.92c

Obese group þ 45 calories diet 50.77 ± 2.37d 42.91 ± 2.02d

VLDL concentration (mg/dL) Control normal group 14.55 ± 0.42b 16.33 ± 0.64b

Obese group þ 75 calories diet 22.37 ± 3.03a 26.01 ± 0.38a

Obese group þ 60 calories diet 12.83 ± 0.28c 11.05 ± 0.53c

Obese group þ 45 calories diet 10.30 ± 0.32c 9.17 ± 0.43c

LDL concentration (mg/dL) Control normal group 22.19 ± 1.12b 23.94 ± 1.65b

Obese group þ 75 calories diet 32.92 ± 2.38a 36.65 ± 2.48a

Obese group þ 60 calories diet 24.33 ± 1.76b 20.69 ± 1.82b

Obese group þ 45 calories diet 18.89 ± 1.37c 16.21 ± 1.10c

HDL concentration (mg/dL) Control normal group 25.91 ± 1.75a 25.04 ± 1.51b

Obese group þ 75 calories diet 13.72 ± 1.18d 9.55 ± 1.43d

Obese group þ 60 calories diet 21.86 ± 0.91c 24.92 ± 1.02c

Obese group þ 45 calories diet 23.38 ± 1.17b 28.94 ± 1.35a

Average body weight Control normal group 162.35 ± 2.78c 178.47 ± 2.83b

Obese group þ 75 calories diet 258.66 ± 3.12a 244.09 ± 3.36a

Obese group þ 60 calories diet 198.34 ± 3.28b 173.84 ± 2.77c

Obese group þ 45 calories diet 147.12 ± 3.19d 124.25 ± 3.57d

Data are presented as (Mean ± S.E), S.E ¼ Standard error.
Mean values with different superscript letters in the same column are significantly different at (P < 0.05).

H.A. Abdel Maksoud et al. / Clinical Nutrition Experimental 33 (2020) 32e38 35



Table 4
The effect of 75, 60 and 45 calories diet supplementation in obese male rats on different biochemical parameters.

Parameter Groups Durations of treatment

After 2 months After 3 months

serum iron concentration (mg/mL) Control normal Group 0.73 ± 0.07c 0.85 ± 0.08c

Obese group þ 75 calories diet 2.17 ± 0.21a 2.41 ± 0.45a

Obese group þ 60 calories diet 1.82 ± 0.14b 1.75 ± 0.13b

Obese group þ 45 calories diet 1.61 ± 0.17b 1.31 ± 0.18b

serum ferritin concentration (mg/mL) Control normal group 17.62 ± 0.61c 18.99 ± 0.51c

Obese group þ 75 calories diet 45.71 ± 1.52a 50.79 ± 1.77a

Obese group þ 60 calories diet 23.42 ± 0.51b 21.87 ± 0.48b

Obese group þ 45 calories diet 12.52 ± 0.62d 11.31 ± 0.39d

serum transferrin concentration (mg/dL) Control normal group 256.12 ± 3.65a 249.12 ± 3.65a

Obese group þ 75 calories diet 219.08 ± 2.58d 207.42 ± 2.91d

Obese group þ 60 calories diet 237.62 ± 2.57c 245.55 ± 3.62c

Obese group þ 45 calories diet 242.08 ± 6.22b 247.20 ± 3.45b

Serum TIBC concentration (mg/dL) Control normal group 453.96 ± 5.02b 462.32 ± 3.25b

Obese group þ 75 calories diet 411.35 ± 4.21d 426.12 ± 4.82d

Obese group þ 60 calories diet 434.25 ± 6.61c 445.60 ± 5.81c

Obese group þ 45 calories diet 516.49 ± 9.61a 492.68 ± 8.57a

Data are presented as (Mean ± S.E), S.E ¼ Standard error.
Mean values with different superscript letters in the same column are significantly different at (P < 0.05).
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fatty liver and non alcoholic steatohepatitis which recognized as being predominantly associated with
insulin resistance, which is commonly found in obese subjects, especially those with a high accumu-
lation of visceral fat.

Our results came in accordance with [13] who reported that, high caloric diet give rise to oxidative
stress causing inflammation and elevated stress protein level. This result may be justified by [15] who
noticed that, albumin is involved in many bioactive functions such as regulation of plasma osmotic
pressure, binding and transport of various endogenous or exogenous compounds, and finally extra-
cellular antioxidant defenses. It may lower the availability of pro-oxidants and be preferentially
oxidized to protect other macromolecules. Overall improvement in liver outcome measurements in
obesity associated with weight loss diet [16].

The obtained results showed that supplementation of 75 calories diet to obese group of male rats
daily for 3 months, exhibited a significant increase in serum urea and creatinine concentration when
compared with control normal groupwhile supplementation of 60 calories diet to obese group of male
rats daily for 3 months, exhibited a significant improvement in serum urea and creatinine concen-
tration when compared with obese group. Meanwhile the serum urea and creatinine concentration
exhibit significant increase in the obese rats administrated 45 calories diet daily for 3 months.

This result is agreed with [17] who reported that obesity causes a decline or loss of renal function
and elevation of serum urea, creatinine and uric acid levels. Uremia resulted from high protein diet
cause by increased production of urea in the liver and increased protein catabolism by oxidative stress
[18].

In addition [19], demonstrated that, obesity is known as an independent risk factor for renal injury.
Sympathetic nerve activation may have an important role of the pathogenesis of obesity and hyper-
tension may underpin the development of cardiovascular events.

Our results came in accordance with [12] who reported that, the mean values of uric acid, creati-
nine, and blood urea nitrogen in were significantly decreased after weight-loss phase. Weight loss diet
improved renal function (as evident from measures of creatinine and creatinine clearance) in over-
weight individuals. Total body fat mass could be predictor for improvement in renal function associ-
ated with weight loss. Suppression of sympathetic nervous activation associated with weight loss may
have a role in the ameliorative effects on renal function. The unexpected increase of urea and creatinine
levels in obese rats administrated 45 calories diet may be due to disturbance in proteinmetabolism and
glomerular filtration rate.



1 Carbohydrates 58 % 2 Protein 20.5 %
3 Lipid 3.4 % 4 Cellulose 3.1 %
5 Vitamins 2.3% 6 Minerals 2.7 %
7 Moisture 10% Total 100
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The obtained results showed that supplementation of 75 calories diet to obese group of male rats
daily for 3 months, exhibited a significant changes in lipid profile concentration when compared with
control normal group while supplementation of 60 calories diet to obese group of male rats daily for 3
months, exhibited a significant improvement in lipid profile when compared with obese group.
Moreover additional improvement in lipid profile in the obese rats administrated 45 calories diet daily
for 3 months.

This results is corroborated with [20] who reported, serum levels of triglyceride, phospholipid, total
cholesterol, and FFAwere significantly elevated in the high fat hyper caloric diet. These results indicate
that feeding of high fat hyper caloric diet makes normal wistar male adult rat obese associated with
hyperlipidemia, hyperinsulinemia and glucose intolerance.

Our results is in the same line with [21] who revealed that obesity is commonly associated with
elevated triacylglycerols, low HDL, and normal low-density lipoproteins. HDL has a beneficial role in
the reverse cholesterol transport process where cholesterol in peripheral tissues is transported to the
liver for reuse or bile acid synthesis, preventing the accumulation of cholesterol in the arteries. HDL is
also thought to be cardio protective due to its antioxidant activity [22].

Low HDL observed in obesity is associated with an enhanced risk of atherogenesis possibly due to
increased degradation and/or decreased production of HDL particles. Adipose cells have been shown to
bind to HDL; hence increased body fat may lead to an increased uptake of HDL particles from circu-
lation resulting in a reduction in plasma HDL levels [23].

Our results is agreed with [12] who reported that, after weight-loss phase, the mean serum total
cholesterol (TC), triglycerides (TG), and low-density lipoprotein (LDL) in the treated group were
decreased significantly at the end of weight-loss phase, whereas serum high-density lipoprotein (HDL)
was increased when compared with the obese group.

The obtained results showed that supplementation of 75 calories diet to obese group of male rats
daily for 3 months, exhibited a significant changes in iron profile, when compared with control normal
groupwhile supplementation of 60 calories diet or 45 calories diet to obese group of male rats daily for
3 months, exhibited a significant improvement in iron profile when compared with obese group.

High fat diet HFD showed iron accumulation in the spleen, but not in the heart or liver. Increased
percentages of the splenic red pulp and macrophages were observed in HFD-fed mice and iron
accumulation in the spleen was found mainly in the splenic red pulp. The HFD also showed decreased
iron content in the duodenum and increase mRNA expression of divalent metal transporter-1 (DMT-1),
an iron absorption-related gene [24].

It is well known that there were negative correlation between ferritin and transferrin as demon-
strated with [25], and this justified in elevation serum level of iron and ferritin and reduction in serum
level of transferrin obese rats administrated high calorie diet, although the reduction in serum level of
iron and ferritin and the elevation in serum level of transferrin obese rats administrated low calorie
diet. Also, the elevated serum ferritin levels are associated with increased insulin resistance and risk of
diabetes in obese. Higher serum ferritin levels were correlated with a greater risk of hyperglyceridemia
in obese [26].

This results in the same linewith [27] who reported that total iron-binding capacity (TIBC) indicates
the maximum amount of iron needed to saturate plasma or serum transferrin thus there were a
positive correlation between total iron-binding capacity (TIBC) and transferrin. The significant increase
of (TIBC) in obese rats administrated 45 calories diet may be as a result of dropped in iron concentration
showed in same group.
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4. Conclusion

In conclusion, we suggest that, high fat diet able to produce significant disturbance in lipid meta-
bolism, iron profile and kidney function while low calorie diets able to improving the disturbance in
such parameter.
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