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ABSTRACT

ARTICLE HISTORY

Objective: Obesity is an important, multifaceted chronic disorder which has become
one of the leading health problems globally as a result of its morbidity and mortality.
The aim of this research was to induce obesity using high fat diet feeding and to assess
the effect of treatment with antioxidant rich nutraceuticals in the pathology of the liver,
kidney and heart.
Methods: Nutraceuticals were formulated using locally available foodstuffs (onions,
garlic, tomatoes, lemon, palm oil and crayfish in the ratio of 5:5:2:4:2:2) based on recommended daily allowances (RDA). Obesity was induced using high fat diet feeding for
ten weeks. Albino rats of both sexes weighing 150-220 g were used for the study. The
animals were grouped into 4 group of 8 rats each: group I: normal, control; group II: high
fat diet, untreated; group III: high fat diet treated with 250 mg of nutraceutical daily;
group IV: high fat diet treated with 500 mg of nutraceutical daily for ten weeks. Sections
of liver, kidney and heart were taken for histopathological study.
Results: The data obtained showed that high fat diet feeding significantly increased body
mass and body mass index and was associated with an abnormal lipid distribution. Histopathological examination showed that high fat diet feeding was associated with hepatic,
myocardial and renal necrosis, degeneration and congestion of associated blood vessels.
However, treatment with antioxidant rich nutraceutical reverses the damage to near
normal.
Conclusion: High fat diet induced obesity is associated with pathological changes in the
heart, kidney and liver. Antioxidant rich nutraceuticals could provide a protective effect
against pathological changes in obesity.
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Introduction
Obesity is a metabolic disorder caused by imbalance in energy intake and energy expenditure and
is one of the leading causes of death globally [1]. In
2010, estimates show that around 3.4 million people died due to overweight or obesity [2]. Over the
years, the prevalence of obesity has been shown to
be increased worldwide [3]. Obesity is associated
with a range of metabolic disorders such as hypertension, atherosclerosis, hyperlipidemia, type
2 diabetes, and fatty liver [4]. Non alcoholic fatty
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liver disease (NAFLD) is one of the most common
causes of chronic liver disorder [5] and obesity is an
important risk factor for NAFLD and cirrhosis-associated death [6].
Oxidative stress is associated with a variety of inflammatory and metabolic disorders, including obesity [7]. Oxidative stress induce damage to the body
due to free radicals that are inadequately neutralized
by the body antioxidants defence system [8]. More
so, oxidative stress has also been regarded as one of
the major causative factors for the development of
insulin resistance which is present in obesity [9].
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About 2000 years ago, Hippocrates correctly emphasized “Let food be your medicine and medicine
be your food”. The term ‘nutraceutical’ was coined by
combining the terms ‘nutrition’ and ‘pharmaceutical’
in 1989 [10]. Hence a nutraceutical is any substance
that may be considered a food or part of a food that
provides medical or health benefits, including prevention and treatment of diseases. Several nutraceuticals
are available with documented health benefits [11].
Pharmacological interventions for weight loss are
available for treating obesity. For example fat absorption suppressants, appetite-suppressants and thermogenic drugs are used in treating obesity [12]. Orlistat
is a popular anti-obesity drug which reduces dietary
fat absorption by inhibiting pancreatic lipase [13].
Marketed anti-obesity drugs are associated with several negative outcomes which include stomach pain,
headache and steatorrhea [14]. These negative outcomes and possible high cost make search for cheaper
and safer anti-obesity agents an active area of research.
The liver, heart and kidney are vital organs of the
body that are affected in obesity. It is therefore the objective of the present study to investigate the effect of
supplementation with antioxidant rich nutraceuticals
on the histopathology of the liver, kidney and the heart
of high fat died induced obese rats.

Materials and Methods
Chemicals and reagents

All chemicals and reagents used for this study were of
analytical grade, products of either Randox Laboratory
or Cayman Chemical Company (USA).
Experimental animals

This study was conducted in accordance with the
standards set for the use and care of laboratory animals and the protocol approved by the Ethical committee of the Faculty of Science, Usmanu Danfodiyo
University Sokoto-Nigeria. Wistar albino rats of both
sexes weighing 150-220 g were used for this study.
The animals were purchased from the Department
of Biochemistry, University of Ilorin, Nigeria. They
were allowed to acclimatize for 7 days before the commencement of the experiment. They were fed with
pelletized grower’s feed (Vital Feed, Jos, Nigeria) and
were allowed access to water ad libitum before and
during the experimental period.
Formulation of high fat diet (HFD)

HFD was formulated in accordance with Kim et al [15]
with some modifications. The formulation consists of
fat (46%), carbohydrate (24%), protein (20.3%), fibre
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(5%), salt mixture (3.7%) and vitamins mixture
(1%). Obesity was induced through feeding with
the formulated diet for 10 weeks.
Nutraceutical formulations

Antioxidants rich nutraceutical were prepared
from locally available foodstuffs (onions, garlic,
tomatoes, lemon, palm oil and crayfish in the ratio
of 5:5:2:4:2:2) based on recommended daily allowances (RDA) [16]. The foodstuffs were purchased
from Sokoto central market. Taxonomic identification was done by comparing the plant materials in the preserved identified vouched materials
in the herbarium of the Department of Biological
Sciences, Usmanu Danfodiyo University, Sokoto,
Nigeria. Briefly, 25g of onions, 25 g of garlic, 10 g of
tomatoes were mixed and blended in 100 ml of distilled water. Ten grams of crayfish was then added
and blend again. Twenty grams of lemon juice and
10 g of palm oil were added. The formulation was
mixed and stored at 4⁰C until required.
Grouping of animals and treatment

The animals were divided into four groups:
• Group I: normal control received normal pelletized diet.
• Group II: high fat diet, untreated.
• Group III: high fat diet treated with 250 mg/kg
of nutraceuticals.
• Group IV: high fat diet treated with 500 mg/kg
of nutraceuticals.
The appropriate dosages of the nutraceutical were
administered to the animals orally once daily by
intubation using intravenous cannula tube for 10
weeks, weight changes of the rats were monitored
throughout the experimental period.
Determination of body mass index (BMI)

Body mass index was measured on weekly basis
for 10 weeks of the experimental period. Rats were
weighed in grams. Naso-anal length was measured
in centimeter. BMI was estimated as an index of
obesity as body weight (g)/length2 (cm2) [17].
Histopathological study

Liver, kidney and heart tissues were fixed using the
routine formalin/paraffin embedded technique.
Sectioned at 4 μm and stained with hematoxylin
and eosin as described by Luna [18]. Each section
was scored on the severity of fat accumulation.
Scoring was done as follows: (0) no visible lesion;
(1) mild lesion, 1-10% cells affected; (2) moderate,
11-30% cells affected; (3) severe, more than 30%
9
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cells affected. These were used to ascertain the
degree of congestion, degeneration and necrosis
in all three tissues.
Data analysis

Data were expressed as mean ± standard error
of mean (SEM). Using GraphPad InStat software
(version 5; San Diego, CA, USA), parameters were
analyzed by one-way analysis of variance (ANOVA)
in which lesion scoring was subjected to Kruskal
Wallis test. Results were considered significant at
P < 0.05.

Results

The effect of antioxidant rich nutraceutical on BMI
is presented on Table 1. Administration of HFD to
rats for 10 weeks resulted in significant increase
for BMI (P < 0.05, HFD untreated group). On the
other hand, no significant difference was observed
between the control group and HFD-induced obesity and nutraceuticals-treated group (P > 0.05).
With regard to the heart tissues, Table 2 shows
that the mean rank for congestion of the normal
group has the lowest score compared with both
HFD-treated group and HFD untreated group

while the mean score of degeneration was similar among all groups. The mean rank of necrosis
score of untreated group has the highest score
compared to control and treated groups.
For the liver tissues, Table 3 presents that the
mean score for congestion of the normal group
and group treated with 250 and 500 mg/kg nutraceutical were lower compared to untreated group.
The mean rank for degeneration showed similar
scores for both normal and treated groups, but differ significantly (P < 0.05) compared to untreated
group. The mean score for necrosis of untreated
group was higher compared to control and treated
groups.
Kidney tissue evaluation is presented in Table 4,
which demonstrates that the mean value for congestion, degeneration and necrosis scores differ
significantly among all groups. However, the degeneration score of control group remained similar compared to the group treated with 500 mg
HFD.
Representative histological photomicrographs
for heart, liver and kidney tissues of normal and
HFD-fed rats are given in Figures 1 and 2, respectively.

Table 1. Effect of high fat diet (HFD) feeding on body mass index (BMI).
Groups

Treatment

Initial weight (g)

Final weight (g)

BMI (g/cm2)

I

Normal, control

85.43 ± 3.39a

160 ± 7.66a

0.49 ± 0a

II

HFD untreated

92.29 ± 1.97

187.67 ± 5.8

0.7 ± 0.03b

III

HFD treated with nutraceutical (250 mg)

95.63 ± 3.32b

169.5 ± 10.63c

0.53 ± 0a

b

b

Mean values having different superscripts are significantly different (P < 0.05).

Table 2. Effect of antioxidant nutraceuticals supplementation on heart tissue of high fat diet (HFD)-induced obesity
rats.
Groups

Treatment

Congestion

Degeneration

Necrosis

I

Normal, control

8.5

11.5

10.5a

II

HFD untreated

14.25

11.5

14.17b

III

HFD treated with nutraceutical (250 mg)

11.63c

11.5a

10.5a

IV

HFD treated with nutraceutical (500 mg)

11.67

11.5

10.5a

a

a

b

a

c

a

Numeric values are standing for the histopathologic evaluation scores. Mean ranks having different superscript letters in the same column are significantly different (Kruskal Wallis Test, P < 0.05).

Table 3. Effect of antioxidant nutraceuticals supplementation on liver tissue of high fat diet (HFD)-induced obesity
rats.
Groups

Treatment

Congestion

Degeneration

Necrosis

I

Normal, control

8.5a

10.5a

10a

II

HFD untreated

16b

15.5b

15.5b

III

HFD treated with nutraceutical (250 mg)

13.75

c

10

10a

IV

HFD treated with nutraceutical (500 mg)

8.5a

10c

10a

c

Numeric values are standing for the histopathologic evaluation scores. Mean ranks having different superscript letters in the same column are significantly different (Kruskal Wallis Test, P < 0.05).
10

Am J Res Med Sci • 2017 • Vol 1 • Issue 1

Antioxidant nutraceuticals in obesity managing

Table 4. Effect of antioxidant nutraceuticals supplementation on kidney tissue of high fat diet (HFD)-induced obesity rats.
Groups

Treatment

Congestion

Degeneration

Necrosis

I

Normal, control

7.5

9.5

5a

II

HFD untreated

19b

III

HFD treated with nutraceutical (250 mg)

IV

HFD treated with nutraceutical (500 mg)

a

a

15.08b

19b

10.38

12.13

12.5c

8.75d

9.5a

9.83d

c

c

Numeric values are standing for the histopathologic evaluation scores. Mean ranks having different superscript letters in the same column are significantly different (Kruskal Wallis Test, P < 0.05).

Discussion
Rodents are often used as animal models for
studying obesity and its associated health effects. Diet modification play important role in
the incidence of obesity and its related disorders
[19,20]. However, the major contributing factor
for obesity is excessive caloric intake, availability
of energy-dense meals, urbanization and sedentary life style [21]. Not just being overweight is
characteristic of obesity, but also characterized
as metabolic disorder due to the accumulation of
excess dietary calories into visceral fat and the
release of high concentrations of free fatty acids
(FFA) into various organs [22]. The liver, kidney
and heart are important organs of the body that
play important role in energy metabolism. These
organs are being affected due to accumulation of
excess triglycerides and FFA [23]. In the present work, rats fed with high fat diet significantly increased final body mass index (BMI) (Table
1) and resulted with accumulation of fat in liver, heart and kidney than those fed normal diet
(Figures 1 and 2).
The histological study of the heart (Table 2)
indicated that the mean score for degeneration,
congestion and necrosis of the untreated group
fed with high fat diet has high value as when
compared with the group supplemented with
antioxidant nutraceuticals. This might be due to
lipid accumulation in blood vessels as reported

by Pinar et al [24]. The structural changes in the
heart observed in this study could be related
with functional changes that may be detrimental
to the health status of the rats.
The histological study of the liver (Table 3)
indicated that the mean score for degeneration,
congestion and necrosis of the untreated group
fed with high fat diet have higher values as when
compared with the group supplemented with
antioxidant nutraceuticals. In many of obese
people increase of hepatic triglyceride levels
causes hepatic steatosis. In this study, it could be
suggested that high fat diet is the main cause of
hepatocellular necrosis formation in liver tissue
(due to free radicals or oxidative damage).
The histological study of the kidney (Table 4)
indicated that the mean score for degeneration,
congestion and necrosis of the untreated group
fed with high fat diet have higher values as compared with the group supplemented with antioxidant nutraceuticals (Figure 2).
In this study, the therapeutic effects of antioxidant nutraceutical in managing obesity were
determined through BMI and histopathological
examination of liver, heart and kidney tissues of
rats fed with HFD. As result, antioxidant nutraceuticals treatment ameliorates the HFD-induced
obesity and lipid accumulation-induced damage
in the liver, kidney and heart. Further studies are
required to elucidate the safety as well as the
mechanism of action of the nutraceuticals.

Figure 1. Representative pictures for tissues of rats fed with normal grower’s mesh: (a) liver; (b) kidney; and (c)
heart. (HE ×200).
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Figure 2. Representative pictures for tissues of rats fed with high fat diet: (a) liver, note vascular congestion (arrow); (b) heart, congestion (black arrow) and hemorrhage (curved arrow); (c) kidney, severe glomerular degeneration (arrow). (HE ×200).

Conflict of Interest
Nil.

Acknowledgement
The authors are grateful to the laboratory technicians of the Veterinary Pathology Department,
Usmanu Danfodiyo University for Technical support.

References
[1]
[2]

12

Appel LJ. Prevalence of obesity in the United States.
JAMA 2014; 312:188-9.
Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K,
Adair-Rohani H, Amann M, Anderson HR, Andrews
KG, Aryee M, Atkinson C, Bacchus LJ, Bahalim AN,
Balakrishnan K, Balmes J, Barker-Collo S, Baxter
A, Bell ML, Blore JD, Blyth F, Bonner C, Borges G,
Bourne R, Boussinesq M, Brauer M, Brooks P, Bruce
NG, Brunekreef B, Bryan-Hancock C, Bucello C,
Buchbinder R, Bull F, Burnett RT, Byers TE, Calabria
B, Carapetis J, Carnahan E, Chafe Z, Charlson F, Chen
H, Chen JS, Cheng AT, Child JC, Cohen A, Colson KE,
Cowie BC, Darby S, Darling S, Davis A, Degenhardt
L, Dentener F, Des Jarlais DC, Devries K, Dherani M,
Ding EL, Dorsey ER, Driscoll T, Edmond K, Ali SE,
Engell RE, Erwin PJ, Fahimi S, Falder G, Farzadfar
F, Ferrari A, Finucane MM, Flaxman S, Fowkes
FG, Freedman G, Freeman MK, Gakidou E, Ghosh
S, Giovannucci E, Gmel G, Graham K, Grainger R,
Grant B, Gunnell D, Gutierrez HR, Hall W, Hoek HW,
Hogan A, Hosgood HD 3rd, Hoy D, Hu H, Hubbell BJ,
Hutchings SJ, Ibeanusi SE, Jacklyn GL, Jasrasaria R,
Jonas JB, Kan H, Kanis JA, Kassebaum N, Kawakami
N, Khang YH, Khatibzadeh S, Khoo JP, Kok C, Laden
F, Lalloo R, Lan Q, Lathlean T, Leasher JL, Leigh J, Li Y,
Lin JK, Lipshultz SE, London S, Lozano R, Lu Y, Mak
J, Malekzadeh R, Mallinger L, Marcenes W, March
L, Marks R, Martin R, McGale P, McGrath J, Mehta
S, Mensah GA, Merriman TR, Micha R, Michaud C,
Mishra V, Mohd Hanafiah K, Mokdad AA, Morawska
L, Mozaffarian D, Murphy T, Naghavi M, Neal B,

[3]
[4]
[5]
[6]
[7]

Nelson PK, Nolla JM, Norman R, Olives C, Omer SB,
Orchard J, Osborne R, Ostro B, Page A, Pandey KD,
Parry CD, Passmore E, Patra J, Pearce N, Pelizzari
PM, Petzold M, Phillips MR, Pope D, Pope CA 3rd,
Powles J, Rao M, Razavi H, Rehfuess EA, Rehm JT,
Ritz B, Rivara FP, Roberts T, Robinson C, RodriguezPortales JA, Romieu I, Room R, Rosenfeld LC, Roy
A, Rushton L, Salomon JA, Sampson U, SanchezRiera L, Sanman E, Sapkota A, Seedat S, Shi P,
Shield K, Shivakoti R, Singh GM, Sleet DA, Smith
E, Smith KR, Stapelberg NJ, Steenland K, Stöckl H,
Stovner LJ, Straif K, Straney L, Thurston GD, Tran
JH, Van Dingenen R, van Donkelaar A, Veerman
JL, Vijayakumar L, Weintraub R, Weissman MM,
White RA, Whiteford H, Wiersma ST, Wilkinson
JD, Williams HC, Williams W, Wilson N, Woolf AD,
Yip P, Zielinski JM, Lopez AD, Murray CJ, Ezzati M,
AlMazroa MA, Memish ZA. A comparative risk assessment of burden of disease and injury attributable to 67 risk factors and risk factor clusters in
21 regions, 1990-2010: a systematic analysis for
the Global Burden of Disease Study 2010. Lancet
2012; 380:2224-60.
Lobstein T, Jackson-Leach R, Moodie ML, Hall KD,
Gortmaker SL, Swinburn BA, James WP, Wang Y,
McPherson K. Child and adolescent obesity: part
of a bigger picture. Lancet 2015; 385:2510-20.
Medina-Gomez G, Vidal-Puig A. Gateway to the
metabolic syndrome. Nat Med 2005, 11:602-3.
Clark JM, Brancati FL, Diehl AM.. The prevalence
and etiology of elevated aminotransferase levels
in the United States. Am J Gastroenterol 2003;
98:960-7.
Ioannou GN, Weiss NS, Kowdley KV, Dominitz JA. Is
obesity a risk factor for cirrhosis-related death or
hospitalization? A population-based cohort study.
Gastroenterol 2003;125:1053-9.
Sonta T, Inoguchi T, Tsubouchi H, Sekiguchi N,
Kobayashi K, Matsumoto S, Utsumi H, Nawata H.
Evidence for contribution of vascular NAD(P)H oxidase to increased oxidative stress in animal models of diabetes and obesity. Free Radic Biol Med
2004; 37:115-23.
Am J Res Med Sci • 2017 • Vol 1 • Issue 1

Antioxidant nutraceuticals in obesity managing

[8]
[9]
[10]
[11]
[12]
[13]
[14]
[15]
[16]

Valdecantos MP, Perez-Matute P, Martinez A. Obesity
and oxidative stress: role of antioxidants supplementation. Rev Invest Clin 2009; 61:127-39.
Fridlyand LE, Philipson LF. Oxidative reactive species in cell injury: Mechanisms in diabetes mellitus
and therapeutic approaches. Ann NY Acad Sci 2005;
1066:136-51.
Brower V. Nutraceuticals: poised for a healthy slice of
the healthcare market? Nat Biotechnol 1999; 16:72831.
Eskin NAM, Tamir S. Dictionary of Nutraceuticals and
Functional Foods, CRC Press, Boca Raton, Florida,
2006.
Song MY, Chung SH, Lee JS, Kim SS, Shin HD. The study
on pharmacological treatment of obesity in western
and oriental medicine. J Oriental Med 1999; 4:55-65.
Yun JW. Possible anti-obesity therapeutics from nature - a review. Phytochemisty 2010; 71:1625-41.
Filippatos TD, Derdemezis CS, Gazi IF, Nakou ES,
Mikhailidis DP, Elisaf MS. Orlistat-associated adverse
effects and drug interactions: a critical review. Drug
Saf 2008; 31:53-65.
Kim JH, Hahm DH, Yang DC, Kim JH, Lee HJ, Shim I.
Effect of crude saponin of Korean red ginseng on highfat diet-induced obesity in the rat. J Pharmacol Sci
2005; 97:124-31.
Saidu Y, Bilbis LS, Muhmmad SA, Nasir MK. Serum
lipid profile and antioxidant status of salt-induced

www.ajrms.com

[17]

[18]
[19]
[20]
[21]
[22]
[23]
[24]

hypertensive rats treated with an antioxidants rich
nutraceutical. Cameroon J Exp Biol 2012; 8:47-54.
Novelli EL, Diniz YS, Galhardi CM, Ebaid GM,
Rodrigues HG, Mani F, Fernandes AA, Cicogna AC,
Novelli Filho JL. Anthropometrical parameters and
markers of obesity in rats. Lab Anim 2007; 41:1119.
Luna LG. Manual of Histological Staining Methods
of the Armed Forces Institute of Pathology,
McGraw-Hill, 3rd edition, New York, pp 1-47, 1968.
Diniz YS, Cicogna A, Padovani C, Santana L, Faine L,
Novelli EL. Diets rich in saturated and polyunsaturated fatty acids: metabolic shifting and cardiac
health. Nutrition 2004; 20:230-4.
Wang C, Liao JK. A mouse model of diet-induced
obesity and insulin resistance. Methods Mol Biol
2012; 821:421-33.
McLaren L. Socioeconomic status and obesity.
Epidemiol Rev 2007; 29:29-48.
Abdali D, Samson SE, Grover AK. How Effective Are
Antioxidant Supplements in Obesity and Diabetes?
Med Princip Pract 2015; 24:201-15.
Schaffer JE. Lipotoxicity: when tissues overeat.
Curr Opin Lipidol 2003; 14:281-87.
Unver PB, Karabulut AB, Sertkaya AC, Kiran TR,
Yagmur J. The relationship between obesity and
oxidative stress and cardiac markers. Med-Science
2015; 4:2087-97.

13

