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ABSTRACT

Background: Obesity is a chronic disease that has spread all over the world and threatens public global health. This study was
carried out in the Department of Biochemistry, College of Veterinary Medicine, Khartoum University to investigate the effect of
obesity-induced by high carbohydrate and high-fat diets on biochemical profile in Albino Rats in Sudan.

Methods: A total of 40 adult male outbred albino rats, weighing between 55-100g were used in this study and were divided into 4
groups (A, B, C and D) 10 animals of each. Group (A) was healthy control, rats were fed on a balanced diet (BD), Group (B) received
a high-fat diet (HFD), Group (C) received high carbohydrate diet (HCD) and Group (D) received high fat plus high Carbohydrate.
Results: After six weeks, the high carbohydrate diet group (C) showed a significant increase in body weight, serum levels of
alanine amino transaminase (ALT), aspartate amino transaminase (AST), triglycerides (TG) and high-density lipoprotein (HDL).
Group (B) fed high fat diet showed a significant increase in serum total cholesterol (TC), low-density lipoprotein (LDL) and Alkaline
Phosphatase (ALP).

Conclusion: The body weight in rats fed with the high carbohydrate was increased, when compared with the normal, high fat diet
and high (fat+ carbohydrate) diet rats.

Key-words: Albino Rats, Biochemical Profile, Co-morbidities, Cholesterol, Overweight, Obesity, Superoxide dismutase

INTRODUCTION

Carbohydrates are one of the main dietary components
of food. This category of foods includes sugars, starches
and fibres. Carbohydrates are important in the body as
sources of energy. They can be found in a wide range of
plant and animal food sources ™. According to World
Health Organization (WHO) data, more than 1.4 billion
and more than half a billion adults in 2008 were
overweight and obese,

respectively. Moreover,

42 million preschool children were overweight in 2013
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globally and it is estimated that at least 2.8 million
people die as a result of being overweight or obese 2,
The high-fat diet-induced obese rat model has been
considered as a popular preference for its ability to
mimic the usual way of obesity in humans. A high-fat diet
is one of the major factors causing obesity and long term
intake of a high-fat diet showed a significant increase in
Bl Obesity is
associated with most of the components of metabolic

abdominal fat weight in mammals
syndrome, the leading cause of type 2 diabetes. The co-
morbidities of obesity and type 2 diabetes associated
with insulin-resistance syndrome include obstructive
sleep apnea, hypertension, polycystic ovary syndrome,
non-alcoholic fatty liver disease, and certain forms of

cancer [4].

When obesity persists for a long time,
therefore, the antioxidant sources can be depleted,

decreasing the activity of enzymes such as superoxide
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dismutase (SOD) and catalase (CAT) ®. The activity of
SOD and glutathione peroxidase (Gpx) in individuals with
obesity is significantly lower compared with that in
healthy
development of obesity-related health problems

implications for the
[6,7]

persons, having

MATERIALS AND METHODS

Experimental animals- Fourty adult male outbred Albino
rats, weighing between (55-100 g) were used in this
experiment during the period from 2019 to 2020 in the
Department of Biochemistry, College of Veterinary
Medicine, Khartoum University. The rats were kept in a
cage in the same environment with a controlled
temperature (25-30 C) and humidity around 60-70% RH.
The cages were provided with adequate ventilation and
the housing system was provided with appropriate
facilities for feeding and watering. The animals were
screened for a routine clinical examination to ensure that
they are healthy.

Feeding and watering of animals- The housing system
was provided with appropriate facilities for feeding and
watering. The nutritional regimen comprised HFD, HCD
and BD. Tables 1 show the proximate analysis of diets
fed to rats. The analysis was performed in the laboratory
of the Department of Biochemistry, College of Veterinary
Medicine, Khartoum University. Throughout the study
period, the animals were allowed free access to tap
water.

Table 1: Ingredients and nutrient composition of the diet
used to feed the rats

Normal High-Fat High-
Ingredients Diet Diet carbohydrate
(ND) (HFD) (%) diet (HCD) (%)
Protein (%) 18 10 10
Fat (%) 10 30 10
Carbohydrate 66.4 54.4 74.4
(%)
Minerals (%) 3.5 3.5 3.5
Vitamin (%) 1 1 1
Methionine (%) 0.1 0.1 0.1
Fiber (%) 1 1 1
References el

Pugh et al. Altunkaynak Altunkaynak
[8] [9]

distribution of the
experimental rats into 4 groups, 10 rats of each. All
groups were fed for six weeks, rats in the group (A)

Experimental design- The

healthy control rats were fed on a balanced diet, rats in
the group (B) received a high-fat diet (HFD), rats in group
(C) received high carbohydrate and rats in the group (D)
received high fat plus high carbohydrate.

Bodyweight gain- The rats were weighed during
experiment 6 to the nearest 75.4+3.9 g using a digital
balance (Nippotec NKS-305, UAE). Individual body weight
was recorded before study imitation (week 0) and at

weeks 2,4 and 6.

Biochemical analysis- Blood for sera was collected in
plain containers from the retro-orbital plexus. Blood
samples were centrifuged at 3000 rpm. Serum samples
were kept at -20°C until needed for biochemical analysis.
All parameters were measured using commercial kits
(BioSystem S.A. Costa Brava 30, 08030 Barcelona-Spain).
The total
reaction metho

protein was determined by the burette
d ™ Urea level was determined by
urease procedure the values obtained were read with a
spectrophotometer (UV mini-1240 UV/Vis Spectrophoto
-meter, Japan) at appropriated wavelengths and the
values calculated using standard formulae (1,

Statistical data

subjected to the standard method of statistical analysis.

Analysis- The experimental were
Data are presented as meanzSD. The statistical analysis
was performed using One Way Analysis Of Variance
(ANOVA) and Statistical Package for the Social Science
(SPSS) software (Version 14) ™. P<0.05 were considered

statistically significant.

RESULTS

Bodyweight gain- Table 2 indicates that in all
experimental groups, the means of BW values were
started to increase at week 2 until the end of the
experimental period. Weight gain was more pronounced
in groups B, C and D compared with group A. The
bodyweight of rats in the group (C) was significantly (P-
value=0.001) higher than those of the control group A, B
and D at week six. The statistical analysis showed a
means of 196121.1 g for group C. The BW means values
were 121.8+7.1, 148.2+14.7 and 156.3+20.9 g in groups

A, B and D, respectively.
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Table 2: Effect of fat and carbohydrate diets on body weight gain in rats

) Group A Group B Group C Group D
Time (Normal) (high Fat) (High Carbohydrate) (high fat and high Carbohydrate)
Week 0 76.2+15.2 77.6114.72 69.6121.1 78.3+13.9
Week 2 82.9+17.1 91.4+24.7 96.9122.9 87.1+17.7
Week 4 113.7+18.1 121.8+7.1 153.6+21.1 125+19.9
Week 6 116.7+8.6 148.2+14.7 196+21.17 156.3+20.9

Serum biochemical changes

Serum Cholesterol- Generally, there was a progressive
increase in serum cholesterol levels of treated groups.
The mean values of serum cholesterol in group B were
significantly (P-value=0.032) higher than in groups A, C

and D at week 6. Serum cholesterol mean levels in group
C were 196.2+12.2 mg/dl compared to 119.5+16.1,
166.9+37.4 and 165.4+21.8 mg/dl for groups A, C and D,
respectively (Table 3).

Table 3: Effect of fat and carbohydrate diets on the serum cholesterol level in rats (mg/dl)

Group A Group B Group C Group D
Time (Normal) (High Fat) (High carbohydrate) (high fat and high carbohydrate)
Week 0 115.2+29.66 119.4+23.71 114.2+37.04 117+19.72
Week 2 117.1+30.8 164.3+25.4 146+30.8 152.13+30.11
Week 4 116.8+25.02 192.9+17.9 160.5+37.16 162.38+27.83
Week 6 119.5+16.1 196.2+12.2 166.9+37.4 165.4+21.8

Serum Aspartate Aminotransferase (AST)- Table 4
indicates that the mean values of serum AST in group C
were significantly (P-value=0.022) higher than the group
A, B and D at week 4. Group C obtained a means of

67.3+21.08 U/L, while groups A, B and D obtained a
means of 48.2+11.16, 59.39+9.69 and 56.6+16.97 U/L,
respectively.

Table 4: Effect of fat and carbohydrate diets on serum aspartate aminotransferase (AST) in rats (U/L)

Group A Group B Group C Group D
Time (Normal) (high Fat) (High Carbohydrate)  (high fat and high Carbohydrate)
Week 0 53.947.25 51.9+11.89 53.818.6 54.4+12.66
Week 2 46.3+4.1 61.1+17.54 52.3+9.69 4916.2
Week 4 48.2+11.16 59.3949.69 67.3+21.08" 56.6+16.97
Week 6 59.9+22.63 52.617.24 63.5+12.54 60.3x11

Serum Alanine Aminotransferase (ALT)- All treated

groups showed a marked increase in ALT values
compared to the control group (Table 5). The mean
serum values of ALT in group C were significantly (P-

value=0.003) higher than of control group A, B and D at

week 4. Group C showed a mean of 85.1#39.11 U/L,
while A, B and D groups
45.4+14.72,  70.4+10.99
respectively.

indicated a means of

and 68.3+16.17  U/L,
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Table 5: Effect of fat and carbohydrate diets on serum alanine aminotransferase (ALT) in rats (U/L)

Time Group A Group B Group C Group D
(Normal) (high Fat) (High Carbohydrate) (high fat and high Carbohydrate)
Week 0 41.5+6.83 46.4+9.64 43.9+11.1 38.416.98
Week 2 43.4+21.37 70.5+28.63 81.7+13.76 62.7+30.67
Week 4 45.7+14.72 70.4+10.99 85.1+39.11° 68.3+16.17
Week 6 46.7£17.3 71.87+12.38 82.2+6.32 70.5+21

Serum Alkaline Phosphatase (ALP)- There was a
progressive increase in treated groups compared to the
control group. The mean serum values of ALP in group B
were significantly (P value=0.001) higher than in the
control group A, C and D at week 6. The statistical

analysis showed a mean of 87.9+11.47 U/L for group B,
while groups A, C and D showed a means of 55.5+10.55,
77.2%25.79 and 72.849.26U/L, respectively as presented
in Table 6.

Table 6: Effect of fat and carbohydrate diets on serum alanine aminotransferase (ALP) in rats (U/L)

) Group A Group B Group C Group D
Time (Normal) (high Fat) (High Carbohydrate)  (high fat and high Carbohydrate)
Week 0 50.91+14.25 46.64+17.95 41.37+11.1 41.84+11.35
Week 2 52.93+15.3 67.12+23.64 63.77+31.22 60.55+59.6
Week 4 49.3+5.39 80.78+11.25 74.98+27.22 67.82+23.03
Week 6 55.5+10.55 87.9+11.47 77.2£25.79 72.819.26

Serum Triglycerides- The effect of fat and carbohydrate
intake on serum triglycerides are shown in Table 7. The
mean serum values of triglycerides in group C were

significantly higher  (P-value=0.000) than the control

group A, B and D at week 6. Group C showed a mean of
171.24+26.39 mg/dl. While in group A, B and D obtained
a means of 98.9+28.15, 151.4+32.82 and 143.77+30.28
mg/dl, respectively.

Table 7: Effect of fat and carbohydrate diets on serum triglycerides in rats (mg/dl)

) Group A Group B Group C Group D
Time (Normal ) (high Fat) (High Carbohydrate)  (high fat and high Carbohydrate)
Week 0 82.6126 92.7+16.34 97.2+24.47 93.9+34.25
Week 2 99.59+25.21 138.8+42.89 148.7+37.35 133.1+28.76
Week 4 92.74+41 143.1+95.8 163.1+31.29 137.3+47.46
Week 6 98.9+28.15 151.4+32.82 171.24426.39° 143.77+30.28

Serum Urea- The concentrations of urea increased
significantly (P-value=0.022) in group D compared to

group A, B and C at week 2 (Table 8). The statistical

analysis showed a mean of 51.1+12.4 mg/dI for group D.
While groups A, B and C showed a means of 34.9411.55,
46.8+9.25 and 43.6+10.9 mg/dl, respectively.
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Table 8: Effect of fat and carbohydrate diets on serum urea concentrations (mg/dl)

Time Group A Group B Group C Group D
(Normal) (high Fat) (High Carbohydrate) (high fat and high Carbohydrate)
Week 0 32.919.96 48.9+8.25 42.2+10.75 33.747.63
Week 2 34.9+11.55 46.8+9.25 43.6+10.9 51.1+12.4°
Week 4 37.816.67 43.1+6.05 40.4+4.64 39.749.35
Week 6 36.41£5.39 41.2+5.88 41.9+7.43 43.8+13.57
Serum low-density lipoprotein (LDL)- The results  group (A) and other groups (C and D) at week 6. Group B

presented in Table 9 show that in all treated groups,
there was a gradual increase in LDL levels. The means
LDL in the rats feeding by high-fat diet (B group) were
significantly (P-value=0.034) higher than the control

obtained a mean of 138.3949.36 g/dl. While in group A,
C and D showed a means of 111.9+57.76, 126.61+11.22
and 118.0949.15g/d|, respectively.

Table 9: Effect of fat and carbohydrate diets on low-density lipoprotein LDL (g/dl)

. Group A Group B Group C Group D
Time (Normal) (high Fat) (High Carbohydrate) (high fat and high Carbohydrate)
Week 0 105.98+21.6 107.92+11.62 106.03+24.19 105.18+10.88
Week 2 108.62+26.94 129.24+28.68 113.39+32.27 112.41451.16
Week 4 109.63+£35.04 134.46140.44 123.97+21.27 116.91+16.18
Week 6 111.9+57.76 138.39+9.36" 126.61+11.22 118.0949.15

Serum high-density lipoprotein (HDL)- The means in
table 10 show a significant (P-value=0.046) increase in
HDL values in group C compared to groups A, B and D at
week 6. The statistical analysis showed a mean of

82.23+13.96 g/dI for group C. While in group A, B and D
showed a means of 41.4+32.64, 66.77+14.42 and
57.41+11.73 g/dl respectively.

Table 10: Effect of fat and carbohydrate diets on High-density lipoprotein HDL (g/dl)

Time Group A Group B Group C Group D
(Normal ) (high Fat) (High Carbohydrate) (high fat and high Carbohydrate)
Week 0 49.56+7.47 54.42+7.62 53.73+10.62 55.27+8.64
Week 2 37.8918.36 55.3847.1 61.49+11.34 43.42+10.89
Week 4 38.02+7.35 62+13.76 72.76114.89 50.31%7.62
Week 6 41.4+32.64 66.77+14.42 82.23+13.96 57.41+11.73
DISCUSSION metabolic

In the present study, body weight gain was higher in rats
fed with high carbohydrate diet (C group) as compared
to the normal healthy control rats (A group). Obesity is
characterized by increased adipose tissue mass that
results from both increased fat cell number and
increased fat cell size. Adipose tissue is a dynamic

organ that plays an important role in energy balance and

changes in according to the

requirements of the organism *\. The increase in body

mass

weight gain may be linked to the reported increase in
feed consumption rates by these groups. The present
results are in full agreement with previous findings
reported by Bhandari et al. ¥; Hanan et al. ™*); Rahman
et al. ™. In consist with our results, higher weight gain
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was found in rat fed by high fat diet when compared
with normal rats *7*°!, But, Ferramosca et al. *® noted
that the body weight gain was decreased in rats fed with
high carbohydrate diets as compared to the normal

healthy rats. While, Kayhan et al. (211, [, @2

Wang et a
found that the body weight gain was not changed in rats
fed by normal diet with 1% cholesterol when compared
with normal rats. In the present study, the serum
cholesterol in HFD rats (B group), was increased. The
current results are in agreement with the findings
reported by Hanan et al. ™; Kayhan et al. ! found that
the concentration of cholesterol has increased in rats fed
with high fat diet when compared with normal healthy
control rats. These similar results were also reported by
Kamal et al. *®; Woo et al. ®¥: Ihedioha et al. **!; Muniz
et al. *® found that cholesterol was increased in rats fed
by high fat diet. The hypercholesterolemic effect may be
ascribed to the increased dietary cholesterol intake *”
and subsequently increased rate of intestinal cholesterol

(28], However, Garcia et al. [29]

absorption reported that
the level of cholesterol remained un-change in rats fed
with high fat diet. A high level of cholesterol associated
with overweight, causing several complications, including
coronary heart diseases and heart attack B9 The serum
values of AST and ALT in the group (C), were increased
during the study, this increase was in consistent with the
results obtained during a fed rats by high fat diet
reported by Ayman et al. ™®; Othman et al. ™; Kayhan et
al. [21]; Kamal and Nagy [23]; Woo et al. [24]; Muniz et al.
[26]; AlMamun et al. ®Y. The elevation of ALT and AST
levels may be caused by necrosis of the liver, skeletal

[32]

muscles and kidneys . The increase of these liver

indicative of some liver

[33]

enzymes values may be
impairment or possibly damage Liver damage
death is

associated with obesity ®*. The serum values of ALP

resulting from underlying cellular often
levels increased in HFD rats, the present results are in
agreement with the results reported by Marques et al.
B5in rats fed with high fat diet. Also that result reported
by Sudhahar et al.®® and Hassan et al. ®” found that the
concentration of ALP was increased in rats fed by high-
cholesterol fed diet in animal models with diet-induced
obesity, the liver of obese rats was characterized by
hepatic steatosis such as fat accumulation in hepatocytes
B8 Earlier studies also reported that atherogenic diet-
induced accumulation of hepatic TG caused leakage of

transaminases like ALT, ALP, and AST ®%. One of the

potential mechanisms for liver damage by high-fat diet
includes  endoplasmic  reticular, stress-mediated
apoptosis, a central feature of liver injury . The serum
values of triglycerides were increased in HCD rats. This
result was agreed with the previous study reported by
Rahman et al. ™ found that the concentration of
triglycerides was elevated in rats feeding with high
carbohydrate. Also, AlIMamun et al. BY found that the
concentration of triglycerides was increased in rats fed
with high-carbohydrate and high fat diet. Similarly,

Hassan et al. 7

reported an increase in triglycerides
levels in rats fed by high-cholesterol fed diet. Increased
serum concentration of triglycerides may be attributed
to decreased clearance of triglycerides secondary to
decreased activity of lipoprotein lipase “Y. The increase
in serum urea in the groups (D) is in agreement with the

I. B and Hassan et al.®”

result reported by Marques et a
found a similar increase in the concentration of urea in
rats fed with high fat diet plus high carbohydrate. The
elevated serum urea levels had been associated with
kidney diseases such as glomerulonephritis, urinary tract
obstruction and excessive protein catabolism associated

[42]

with severe toxic and febrile conditions ““. Enhanced

protein catabolism and accelerated amino acid

deamination for gluconeogenesis is possible, an

acceptable postulate to interpret the elevated levels of

[43]

urea . The means of serum LDL in the groups (B),

increased during the study, which is similar to the result

[16]; AlMamun et al. [3”;

reported by Rahman et al.
Marques et al. B4 found higher LDL concentration rats
fed with high carbohydrate plus high fat diet. However,
Garcia et al. * reported decreased level of LDL in rats
fed by high fat diet. The high level of LDL found in
hypercholesterolemic rats may be attributed to a down
regulation in LDL receptors by cholesterol and saturated
fatty acids included in the diet ™. In the current study,
the serum HDL in the groups (C) has increased during the
study, which is similar to the result reported by Marques

I. B3 who found that the concentration of HDL was

eta
increased in rats fed with high carbohydrate diet. But,
Hanan et al. ™ reported that the concentration of HDL
was increased in rats fed with high fat diet However, this
finding was not in agreement with the result reported by
Kamal et al. > Woo et al. **; Garcia et al. *°; Ali et al.
[45], which showed that the level of HDL was decreased in

rats feeding by high fat diet.

Copyright © 2015-2021| SSR-IIILS by Society for Scientific Research under a CC BY-NC 4.0 International License Volume 07 | Issue 04 | Page 2849



SSR Inst. Int. ]. Life Sci.

ISSN (0): 2581-8740 | ISSN (P): 2581-8732
Daffalla et al., 2021

érosxeS po. 10.21276/SSR-11JLS.2021.7.4.3

CONCLUSIONS

Rats fed with high carbohydrates obtained a significant
increase in body weight, ALT, AST, TG and HDL when
compared with the normal, high-fat diet and high (fat +
carbohydrate) diet rats. On the other hand, Rats fed a
high-fat diet had a significant increase in serum
cholesterol, LDL and ALP levels compared to normal, high
carbohydrate diet and high (fat + carbohydrate) diet rats.
The study showed that there is a high need to perform a
further study regarding the effect of obesity induced by
high carbohydrate and high fat diets on biochemical
profile and increase for body weight in albino rats in
Sudan. More studies are vital to determine the obesity
effects the combined action of high carbohydrate and

high fat diets.

ACKNOWLEDGMENTS

It is a pleasure to thank the Department of Biochemistry,
College of Veterinary Medicine, Khartoum University and
all those who provided me with the possibility to
complete this paper.

CONTRIBUTION OF AUTHORS

Research concept: Dr. Selma E. Salih

Research design: Prof. Shamseldein H. Ahmed, Dr. Selma
E. Salih

Supervision: Prof. Shamseldein H. Ahmed

Materials: Islam A. Daffalla

Data collection: Islam A. Daffalla, Dr. Selma E. Salih,
Data analysis and Interpretation: Islam A. Daffalla, Dr.
Selma E. Salih

Literature search: Islam A. Daffalla

Writing article: Islam A. Daffalla, Dr. Selma E. Salih
Critical review: Islam A. Daffalla, Dr. Selma E. Salih
Article editing: Islam A. Daffalla, Dr. Selma E. Salih

Final approval: Prof. Shamseldein H. Ahmed, Dr. Selma
E. Salih

REFERENCES

[1] Harper A. Redefining the Essentiality of Nutrient: In:
Modern Nutrition in Health and Disease, 9" Edn. ME.
Shills, et al. (Eds).Williams and Wilkins, Baltimore,
1999; pp. 56-90.

[2] WHO. Ten Facts on Obesity Available from 2015;
http:// www.who.int/features/factfiles/obesity/en/.

[3] Khairunnuur FA, Zulkhairi A, Hairuszah 1, et al.
Hypolipemic and weight reducing properties from

Tamarindus indica L. pulp extract indiet-induced
obese rats. Int J Phar., 2010; 6(3): 216-23.

[4] Bagchiand D, Preuss HG. Obesity: Epidemiology,
Pathophysiology, and Prevention, CRC Press, Boca
Raton, Fla, USA, 2007.

[5] Amirkhiz F I, Siassi F, Minaie S, Djalali M, Rahimi A, et
al. obesity associated with increased plasma lipid
peroxidation and oxidative stress in women, ARYA
Atherosclerosis J., 2007; 2(4): 189-92.

[6] Ozata M, Mergen M, Oktenli C. Increased oxidative
stress and hypo zincemiainmale obesity. Clin. Bio
chem J., 2002; 35 (8): 627-31.

[7] Vincent HK, Vincent KR, Bourguignon C, Braith RW.
Obesity and post exercise oxidative stress in older
women. Med Sci Sports Exerc J., 2005; 37(2): 213-
19.

[8] Pugh TD, Klopp RG, Weindruch R. Controlling caloric
consumption: Protocols for rodents and rhesus
monkeys. Neurobiol Aging J., 1999; 20 (2): 157-65.

[9] Altunkaynak BZ. Effects of high fat diet induced
obesity on female rat livers (a histochemical study).
Eur J Gen Med., 2005; 2(3): 100-09.

[10]Afonja OA. Basic Clin Bio Prac J., 1997; pp. 85-88.

[11]Jean-Luc O, Catherine M, Marie C, Patrick L. Simple
and Sensitive Determination of Urea in Serum and
Urine. Clin Chem J., 1992; 38(5): 619-23.

[12]Marija  JN. SPSS 14.0 Statistical
Companion. Book guide to data analysis, 2005; pp.
603.

[13]National Institutes of Health. Clinical Guidelines on

Procedures

the identification, evaluation, and treatment of
overweight and obesity in adults the evidence
report. Obes Res J., 1998; 6(2): 515-209S.

[14]Bhandari U, Kumar V, Khanna N, Panda BP. The
effect of high-fat diet-induced
cardiovascular toxicity in wistar albino rats. Hum Exp
Toxicol J., 2010; 30(9): 1313-21.

[15]Hanan MA, Tawfek NS, Abo-El Hussein BK, Abd El-
Ghany MS. Anti-Obesity Potential of Orlistat and
Amphetamine in Rats Fed on High Fat Diet. Middle
East J Appl Sci., 2015; 5: 453-61.

[16]Rahman MM, Alam MN, Ulla A, Sumi FA, Subhan N,
et al. Cardamom powder supplementation prevents

obesity on

obesity, improves glucose in tolerance, inflammation
and oxidative stress in liver of high carbohydrate
high fat diet induced obese rats. Lipids Health Dis J.,
2017; 16: 151.

Copyright © 2015-2021| SSR-IIILS by Society for Scientific Research under a CC BY-NC 4.0 International License Volume 07 | Issue 04 | Page 2850



SSR Inst. Int. ]. Life Sci.

ISSN (0): 2581-8740 | ISSN (P): 2581-8732
Daffalla et al., 2021

érosxeS po. 10.21276/SSR-11JLS.2021.7.4.3

[17]Madkhali HA. Morin attenuates high-fat diet
induced-obesity  related vascular  endothelial
dysfunction in Wistar albino rats. S. P. J., 2020; pp. 1-
9.

[18]Ayman SM, Ibrahim WM, Zaki NI, Ali SB, Soliman AM.

of Coelatura Extract

Effectiveness aegyptiaca

Combination with Atorvastatin  Experimentally
Induced Hyperlipidemia in Rats. Evid-Based Compl
Alt., 2019; pp. 9.

[19]0Othman Al, Maher A, Amer A. Basos S, Mohammed
AE. Moringa oleifera |leaf extract ameliorated high fat
diet induced obesity, oxidative stress and disrupted
metabolic hormones. Clin PhytosciJ., 2019; 5: 48.

[20]Ferramosca A, Conte A, Damiano F, Siculella L, Zara
V. Differential effects of high-carbohydrate and high-
fat diets on hepatic lipogenesis in rats. Eur J Nutr.,,
2014; (53): 1103-14.

[21]Kayhan K, Meryem C, Orhan N, Cosgun E, Demirin H.
High Fatty Diet Effects on Rat Liver. Eur J Gen Med.,
2014; 11(2): 99-108.

[22]Wang YM, Zhang B, Yong X, Li Z, Wang J, et al. The
mechanism of dietary cholesterol effects on lipids
metabolism in rats. Lipids Health Dis J., 2010; pp. 9:
4.

[23]Kamal AA, Nagy MA. Effect of Carnitine and herbal
mixture extract on obesity induced by high fat diet in
rats. Diabetol Metab Syndr., 2009; 1: 17.

[24]Woo MN, Bok SH, Lee MK, Kim HJ, Jeon SM, et al.
Anti-obesity hypolipidemic effects of a proprietary
herb fiber combination (S&S PWH) in rats fed high-
fat diets. Med Food J., 2008; 11: 169-78.

[25]lhedioha JI, Noel-Uneke OA, Ihedioha TE. Reference
values for the serum lipid profile of albino rats
(Rattus norvegicus) of varied ages and sexes. Comp
Clin Path J., 2013; 22 (1): 93—-99.

[26]Muniz LB, Alves-Santos AM, Camargo F, Martins DB,
Celes MRN, et al. High-Lard and High-Cholesterol
Diet, but not High-Lard Diet, Leads to Metabolic
Disorders in a Modified Dyslipidemia Model. Arq
Bras Cardiol J., 2019; 113 (5): 896-902.

[27]Zulet MA, Barber A, Garcin H, Higueret P, Martinez
JA. Alterations in carbohydrate and lipid metabolism
induces by diet rich in coconut oil and cholesterol in
a rat model. J Am Coll Nutr., 1999; 18(1): 36—42.

[28]Mathe D. Dyslipidemia and diabetes: animal models.
Diabet Metab J., 1995; 21 (2): 106—-111.

[29]Garcia 1P, Cézar JS, Lemos BS, Silva LN, Ribeiro RIMA,
et al. Effects of high fat diet on kidney lipid content
and the Na, K-ATPase activity. Braz J Pharm Sci.,
2018; 54 (1): 17165.

[30]Wickelgren I. Obesity: How big a problem? Sci., 1998;
(280): 1364-67.

[31]JAIMamun MA, Faruk MD, Rahman MM, Nahar K,
Kabir F, et al. High Carbohydrate High Fat Diet
Induced Hepatic Steatosis and Dyslipidemia Were
Ameliorated by Psidium guajava Leaf Powder
Supplementation in Rats. Evid Based Compl Altern
Med J., 2019; 37: 12.

[32]Lording PM,
Interpretation of laboratory results. Aust Vet Pract J.,
1991; (21): 186-95.

[33]Welch V, Dawkins N, Graham T, Pace, R. The impact
of high fat diets on physiological

Friend SCE. Data analyasis guide.

changes in
euthyroid and thyroid altered rats. Lipids Health Dis
J.,2013; 12: 100.

[34]Fernandez V, Tapia G, Videla L A. Recent advancesin
liver preconditioning: Thyroid hormone, n-3 long-
chainpolyunsaturated fatty acids and iron. WIJH,
2012; 4 (4): 119-28.

[35]Marques C, Meireles M, Norberto S, Leite J, Freitas J,
et al. High-fat diet-induced obesity Rat model: a
comparison between Wistar and Sprague-Dawley
Rat. Adipocyte, 2015; 5(1): 11-21.

[36]Sudhahar V, Kumar SA, Sudharsan PT, Varalakshmi P.
Protective effect of lupeol and its ester on cardiac
abnormalities in experimental hypercholesterolemia.
Vasc Pharmacol., 2007; 46(6): 412-18.

[37]Hassan S, Abd El-Twab S, Hettad M, Mahmoud
B.Improvement of lipid profile and antioxidant of
hypercholesterolemic albino rats by poly saccharides
extracted from the green alga Ulvalactuca Linnaeus.
Saudi J Biol Sci., 2011; 18: 333-40.

[38]Sinha-Hikim AP, Sinha Hikim |, Friedman TC.
Connection of nicotine to diet-induced obesity and
non-alcoholic fatty liver disease: Cellular and
mechanistic insights. Front Endocrinol., 2017; 23(8):
1-7.

[39]Kameshwaran S. Anti-obesity and hypolipidemic
activity of methanol extract of Tecoma stans flowers
on atherogenic diet induced obesity in rats.
Pharmacologia, 2011; 4: 77-81.

[40]Feng B, Yao PM, Li Y, Devlin CM, Zhang D, et al. The
endoplasmic reticulum is the site of cholesterol-

Copyright © 2015-2021| SSR-IIILS by Society for Scientific Research under a CC BY-NC 4.0 International License Volume 07 | Issue 04 | Page 2851



SSR Inst. Int. ]. Life Sci.

ISSN (0): 2581-8740 | ISSN (P): 2581-8732
Daffalla et al., 2021

ros¥eS DoL 10.21276/SSR-1JLS.2021.7.4.3

induced cytotoxicity in macrophages. Nat Cell Biol J.,
3; 2003; 5(9): 781-92.

[41]Nofer JR, Kehrel B, Fobker M, Levkau B, Assmann G,
et al. HDL and arteriosclerosis: beyond reverse
cholesterol transport. Atherosclerosis, 2002; 161 (1):
1-16.

[42]Anosa VO. Haematological and biochemical changes
in human and animal trypanosomiasis part. Revue
d'elevage et de Medicine Veterinaire des pays
tropicanx, 1988; 41: 151-64.

[43]Bishop LM, Fody PE, et al.
Correlations, fifth ed. Lippincoh Williams and
Wilkins, Philadelphia, Hong Kong Clin Chem J., 2005.

Principles, Procedures,

Open Access Policy:

[44]Mustad VA, Etherton TD, Cooper AD, Mastro AM,
Pearson TA, Jonnalagadda SS, Kris-Etherton PM.
Reducing saturated fat intake is associated with
increased levels of LDL receptors on mononuclear
cells in healthy men and women. J. Lipid Res., 1997;
38 (3): 459-68.

[45]Ali AA, Mansour A, Hassanine EA, Abdelrazek AH,
Mahmoud HAH. Ameliorative role of a combination
of chitosan, calcium, vitamins A and E against high
fat diets induced adverse effects in rats. JOBAZ,
2019; 80: 11.

Authors/Contributors are responsible for originality, contents, correct references, and ethical issues. SSR-IIJLS publishes all articles under Creative
Commons Attribution- Non-Commercial 4.0 International License (CC BY-NC). https://creativecommons.org/licenses/by-nc/4.0/legalcode

Copyright © 2015-2021| SSR-IIILS by Society for Scientific Research under a CC BY-NC 4.0 International License Volume 07 | Issue 04 | Page 2852



