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Abstract
Non-alcoholic fatty liver (NAFL) participates in the progress of cardiovascular risks. Lipotropic factors such as choline can
prevent excess fat accumulation in the liver. Garlic and onion contain large amount of sulfur compounds. The present study was
conducted to investigate the protective effects of choline, onion and garlic oils and combination of both oils in rats fed high fat diet
and their impacts on liver and aortic tissues. Forty-two, male albino rats were divided randomly into six groups; 7 rats each and
kept for 2 months. Control group; received control diet, F group; fat diet, F-choline group; fat diet with choline (3 gm/100 g diet),
F-OO, F-GO and F-mix groups; fat diet and supplemented with onion oil (100 mg/Kg B.W), garlic oil (100 mg/Kg B.W) and
combination of both oils, respectively. F-group significantly increased body weight, liver weight, serum lipid profile, hepatic and
cardiac biomarkers, leptin hormone and tissue MDA level, while, significantly decreased serum HDL-C, total protein, albumin,
TNO, adiponectin and tissue antioxidants compared to control group. Otherwise, the treated fat groups revealed significant
improvement in all tested parameters compared to untreated fat group. In conclusion, onion and garlic oils combination induced
marked hypolipidemic, antioxidant and anti-atherogenic impacts on hyperlipidemic rats.
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Introduction
Nonalcoholic fatty liver (NAFL) is an accumulation of excessive fats on liver without alcohol intake [1]. The progress of
NAFL is associated with insulin resistance, obesity and hyperlipidemia [2]. Hyperlipidemia is an increment in one or more of
the plasma lipids, including triglycerides (T. Gs), cholesterol, cholesterol esters, phospholipids or plasma lipoproteins,
including very low-density lipoprotein (VLDL-C) and low-density lipoprotein (LDL-C), and a decrement in high-density
lipoprotein levels (HDL-C) [3]. There is a positive correlation between myocardial diseases and elevated LDL-C and VLDLCitation: Abd-El-Fattah ME, Dessouki AA, Abdel-Rahman HG, et al. Modulation of Induced NAFLD Drawbacks on Hepatic and Cardiac
Tissues of Rats through Choline and Some Nutraceutical Oils Supplementations. Int J Chem Sci. 2018;16(3):285

© 2018 Trade Science Inc.
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C levels, and a negative correlation with HDL-C. Where, HDL-C prevents the uptake of LDL-C into the blood and favors the
transport of cholesterol to the liver to be catabolized and excreted from the body [4].

High-cholesterol diet is considered to have a fundamental role in the progress of various cardiac pathologies as it results in
development of hyperlipidemia that makes the heart unable to adjust any oxidative myocardial stress [5] and is the main risk
factor in the atherosclerosis and cardiovascular diseases causing more than 80% of deaths [6]. There are compounds that can
eliminate the excess of fats on the liver, called lipotropic factors such as choline that is chemically similar to the B-vitamins.
Choline enters in the structure of cell membrane and mitochondria as well protects against the accumulation of fats on liver
[7]. It may also help in lowering cholesterol and homocysteine levels associated with cardiovascular disease, and some types
of cancers [8].

Nutraceuticals are natural food products that can protect the cell against different pathologies induced by oxidative stress via
promoting the endogenous antioxidant status of the cell [9]. Diets enrich with fruits and vegetables can decrease risk of some
diseases such as coronary artery diseases and some types of cancer [10]. Onion (Alliiumcepa L.) and garlic (Allium sativum)
belong to the family Liliaceae and are extensively used as medicinal plants. They have numerous polyphenols and
organosulfur compounds mainly in the form of cysteine derivatives [11]. Moreover, they have a beneficial effect against
obesity, hyperlipidemia, cardiovascular diseases and diabetes [12]. Onion has flavonids especially quercetin which is a strong
antioxidant that scavenge ROS in rats with metabolic syndrome [13]. Garlic had been proved to recover the bad lipid profile
that resulted from the high cholesterol diet through its polyunsaturated fatty acids [14]. As it is important for hyperlipidemic
patients to be aware of the safety and effectiveness of these agents, the current study was done to evaluate the possible
impacts of choline, onion oil, garlic oil and combination of both oils in ameliorating the harmful effects of high fat diet in
albino rats through the assessments of body and liver weight, serum lipid profile and some biochemical biomarkers of liver
and heart functions. In addition to, hepatic and cardiac tissue oxidative stress status along with, histopathological examination
of liver and aorta.

Materials and Methods
Chemicals and nutraceutical oils
Choline Chloride-(2-Hydroxyethyl) tri-methyl ammonium chloride-was purchased from LOBA Chemie, India. Onion and
garlic oils were procured from local market as commercial products manufactured by El-Captain Company, Cairo, Egypt.
Serum lipid profile parameters kits were obtained from ELITech Diagnostic-France. Liver transaminases (ALT and AST)
were purchased from Randox Laboratories Ltd., UK. Lactate dehydrogenase (LDH), CK-NAC and CKMB kits were obtained
from Diagnosticum Zrt., Budapest, Hungary. Total proteins and albumin were procured from Biodiagnostic Co., Egypt.
Serum leptin, adiponectin and H-FABP were measured using ELISA kits (KAMIYA Biomedical Company, USA). TNO kit
was secured from Cayman Chemical Company, USA. Kits used for determination of malondialdehyde (MDA), reduced
glutathione (GSH) and superoxide dismutase (SOD) were obtained from BioVision, USA.

Gas chromatography-mass spectrometry analysis (GC-MS)
GC-MS analysis was performed according to Packia et al. [15] for onion oil and according to Guo et al. [16] for garlic oil,
using Trace GC Ultra-ISQ mass spectrometer (Thermo Scientific, Austin, TX, USA) with a direct capillary column TG-5MS
(30 m × 0.25 mm × 0.25 µm film thickness).
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Animals and experimental protocol
Forty-two male albino rats, weighing 90 to 120 gm, were obtained from pharmaceutical Pharco Company, Cairo, Egypt. They
were kept one week for adaptation. The experiment was carried out at the Animal House, Faculty of Veterinary Medicine,
Suez Canal University. They were housed in cages under environmental conditions (20°C and 55-60% relative humidity), 12
h light/dark cycle. This study followed the institutional animal care guidelines and was approved by the Research Ethical
Committee, Faculty of Veterinary Medicine, Suez Canal University, Egypt (Approval number 2018058). Rats were divided
randomly into six equal groups, each of 7 rats. The experiment lasted for 2 months. During the experimental period, treatment
regimen was as follow: Group I (control): rats fed on basal diet [17] (TABLE S1). Group II (F): fatty untreated rats fed on
fatty diet [18] (TABLE S2). Group III (F-choline): rats fed a fatty diet and supplemented with choline chloride at dose of 3
gm/100 gm diet [19]. Group IV (F-OO): rats fed on fatty diet and supplemented with onion oil at 100 mg/Kg body weight by
gavage [20]. Group V (F-GO): rats fed on fatty diet and supplemented with garlic oil in dose of 100 mg/Kg B.W by gavage
[20]. Group VI (F-Mix): rats fed on fatty diet and supplemented with both onion and garlic oil sat the same doses of groups
IV and V by gavage.

TABLE S1. Basal diet composition for control group as described by Qamar et al., [17].
Item of diet
Wheat flour (g)
Chick peas (g)
Milk powder (g)
Drinking water
Final Energy

Quantity
11.2
2
2.8
Ad Libitum
-

Energy
Fat (g)
38.08
0.22
4.93
0.07
14.05
0.72
57.06*, 3.56** 1.01
*Kcal, **Kcal/g of diet

Normal diet
Protein (g)
1.34
0.26
0.7
2.3

Carbohydrate (g)
7.84
0.82
1.62
10.28

Serum and tissue samples
At the end of the 2nd month of the experiment, rats were weighed then starved overnight for 12 h before the blood collection.
Blood samples were obtained from retro-orbital venous plexus of rats after anesthesia with sodium pentobarbital I/M injection
at a dose of 50 mg/kg B.W and put in plain centrifuge tubes for clot formation, samples were centrifuged at 3000 rpm for 10
minutes then the clear sera were collected carefully and stored at -20°C until estimation of lipid profile, liver and heart
function biomarkers and different biochemical assays. After blood collection, rats were sacrificed; liver, heart and abdominal
aorta were excised. Liver was weighed, and then a piece of liver and aorta were fixed in 10% neutral buffered formalin for
histopathological examination. Another piece of liver and heart were stored at -80°C for further measurements of SOD
activity, GSH and MDA levels.

Serum biochemical assay
Serum total cholesterol (TC) was determined according to Rivellese et al. [21], triglycerides (TG) and high density
lipoproteins (HDL-C) were determined according to Tietz [22], low density lipoproteins (LDL-C) and very low density
lipoproteins (VLDL-C) were calculated by the formulas described by Davidson and Rosenson [23], alanine aminotransferase
(ALT) and aspartate aminotransferase (AST) [24], lactate dehydrogenase (LDH) [25], total protein (TP) [26], albumin [27],
leptin [28] and adiponectin hormones according to the manufacturer’s instructions. Serum Ck-NAC was estimated as
described by Mathieu [29] and CKMB [30], H-FABP [31] and TNO [32].
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TABLE S2. Diet composition for fat fed group as described by Axen and Axen [18].
Diet
Ingredients (gm/kg)*

VLC-HF

Cellulose

50

Cornstarch

204

Casein

336

Methionine

4

Lard

263

Corn oil

91

Canola oil

9

Vitamin mix

34

Mineral mix

10

Carbohydrate (% energy)

15

Fat (% energy)

60

Protein (% energy)

25

Fiber (% weight)

5

Energy (Kj/g)

25.1

VLC-HF: Very Low-Carbohydrate, High
Fat.
* Values, except for energy density, are
rounded to units.
Hepatic and cardiac tissues preparation for lipid peroxidation and antioxidative markers assay
Parts of liver and heart tissues were immersed in ice cold normal saline and were homogenized by tissue homogenizer. The
homogenate was centrifuged at 7,000 rpm for 20 minutes at 4°C. The supernatant was assembled and used for the antioxidant
profile analysis as follow: MDA was assessed as a marker of lipid peroxidation in the hepatic and cardiac tissues as described
by Kei [33]. Enzymatic antioxidant activity in tissues was evaluated; SOD according to Nishikimi et al. [34]. While, the nonenzymatic antioxidant level in the tissues; GSH was done as Beutler et al. [35].

Histopathological examination
Liver and abdominal aorta specimens were immediately fixed in 10% formalin. After proper fixation, the specimens were
dehydrated in ethanol, cleared in xylol, then embedded in paraffin and stained with hematoxylin and eosin stain [36].

Statistics
All the statistical analyses for the obtained data (Mean ± SE) were carried out using SPSS version 20 for windows (SPSS Inc.,
Chicago, IL) via one-way ANOVA with Duncan’s post hoc test. The P value was considered to indicate significance among
groups at ≤ 0.05.

Results
GC-MS analysis
Onion oil: The chemical composition of onion oil DADS, dodecane,2,6,10-trimethyl, trisulfide methyl 2-propenyl, 2-bromo
dodecane, 3-vinyl-[4H]-1,2-dithiin, and tetradecane,2,6,10-trimethyl were 0.60%, 0.88%, 0.44%, 0.30%, 0.67%, and 0.57%,
respectively.
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Garlic oil: The chemical composition of garlic oil DADS, 2, 2-dideutero-octadecanal, oleic acid, 1, 54-dibromo
tetrapentacontane, dotriacontane, and isochiapin B were 0.60%, 3.03%, 2.58%, 4.80%, 10.99%, and 2.61%, respectively.

Body weight and absolute liver weight
As shown in TABLE 1, body and absolute liver weight significantly (P ≤ 0.05) increased in F-group compared to control
group, while, significantly (P ≤ 0.05) decreased in fat treated groups with different supplements when compared to F-group.
There was no significant difference between the fat treated groups and the control one in body weight and absolute liver
weights.

Serum lipid profile
Serum TC, TG, LDL-C and VLDL-C levels revealed significant (P ≤ 0.05) increase in F-group compared with the control
group, but HDL-C level showed significant (P ≤ 0.05) decrease. On the other hand, lipid profile parameters appeared to be
significantly (P ≤ 0.05) improved with dietary supplementation in comparison with the F-group (TABLE 2).

Serum hepatic and cardiac function biomarkers
Serum liver transaminases (AST and ALT), LDH, CK-NAC and CKMB activities and H-FABP level were significantly (P ≤
0.05) elevated in rats of F-group with significantly (P ≤ 0.05) decreased TP, albumin and NO levels in comparison with the
control rats. Otherwise, fat treated groups with choline, OO, GO and mix showed significant (P ≤ 0.05) decline in AST, ALT,
LDH, CK and CKMB activities and H-FABP level together with significant (P ≤ 0.05) hyperproteinemia, hyperalbuminemia
and raised NO level compared to F-group (TABLE 3).
TABLE 1. Body weight and absolute liver weight recorded in control and experimental rats at 2 months.
Parameters

Experimental groups

Control

F

F-Choline

F-OO

F-GO

F-Mix

B.W (gm)

186b ± 12.88

272a ± 6.93

210b ± 4.84

250b ± 9.84

209b ± 7.88

191b ± 13.69

Abs. liver weight

2.61b ± 0.27

4.73a ± 0.17

4.04b ± 0.24

3.24b ± 0.04

3.47b ± 0.19

3.32b ± 0.19

(gm)
Each value represents the mean ± SE (n=7). Values in the same row with different superscript letters are significantly
different at (P ≤ 0.05). F: Fat; OO: Onion Oil; GO: Garlic Oil; Mix: Mixture of both Oils; BW: Body Weight; abs: Absolute

TABLE 2. Serum lipid profile measured in control and experimental rats at 2 months.
Parameter

Experimental groups
Control
f

F

F-Choline

a

e

F-OO
b

F-GO
c

F-Mix

TC (mg/dl)

53.00 ± 0.91

96.73 ± 1.08

71.03 ± 1.12

90.77 ± 1.06

81.77 ± 1.13

75.63d ± 0.99

TG (mg/dl)

62.23f ± 0.69

129.07a ± 1.53

94.37e ± 1.44

119.50b ± 1.08

106.93c ± 0.78

100.63d ± 0.62

HDL-C (mg/dl)

18.20a ± 0.26

12.33f ± 0.26

16.97b ± 0.17

13.63e ± 0.12

14.90d ± 0.17

16.13c ± 0.15

LDL-C (mg/dl)

22.35f ± 1.14

58.59a ± 1.32

35.19e ± 0.99

53.23b ± 0.87

45.48c ± 1.37

39.37c ± 0.98

VLDL-C (mg/dl)

12.45f ± 0.14

25.81a ± 0.31

18.87e ± 0.29

23.90b ± 0.22

21.39c ± 0.16

20.13d ± 0.12

Each value represents the mean ± SE (n=7). Values in the same row with different superscript letters are significantly different at
(P ≤ 0.05), F: Fat; OO: Onion Oil; GO: Garlic Oil; Mix: Mixture of both Oils; TC: Total Cholesterol; TG: Triglycerides; HDL-C:
High Density Lipoproteins Cholesterol; LDL-C: Low-Density Lipoproteins Cholesterol; VLDL-C: Very Low-Density
Lipoproteins Cholesterol
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TABLE 3. Serum hepatic and cardiac function biochemical markers measured in control and experimental groups at 2
months.
Parameter
AST (U/L)
ALT (U/L)
LDH (U/L)
TP (g/dl)
Alb (g/dl)
CK-NAC (U/L)
CKMB (U/L)
H-FABP (ng/ml)
TNO

Experimental groups
Control

F

F-Choline

F-OO

F-GO

F-Mix

79.00b ± 6.42

103.45a ± 6.09

72.72b ± 5.38

86.05b ± 5.54

83.82b ± 3.02

83.00b ± 4.48

46.02b ± 3.92

62.72a ± 5.64

45.62b ± 3.48

59.12ab ± 3.03

48.17ab ± 2.61

44.22b ± 8.08

233.16f ± 1.28

447.94a ± 5.34

278.15e ± 3.38

385.99b ± 3.24

369.75c ± 7.15

323.13d ± 6.02

6.22a ± 0.03

5.03f ± 0.06

5.85b ± 0.02

5.42e ± 0.02

5.61d ± 0.03

5.73c ± 0.03

4.21a ± 0.02

3.27f ± 0.03

3.79b ± 0.03

3.45e ± 0.02

3.56d ± 0.01

3.67c ± 0.03

93.08f ± 0.20

287.39a ± 3.65

131.32e ± 0.03

223.98b ± 3.88

200.27c ± 2.14

169.56d ± 5.15

14.03e ± 0.17

57.33a ± 0.41

26.51d ± 0.47

49.18b ± 0.53

48.56b ± 0.52

38.98c ± 0.77

16.00e ± 0.23

41.05a ± 1.28

21.94d ± 0.76

36.03b ± 0.70

34.67b ± 1.20

27.88c ± 1.29

53.37a ± 0.47

28.37e ± 1.34

45.40b ± 0.62

33.24d ± 0.72

34.75d ± 0.95

37.42c ± 0.80

Each value represents the mean ± SE (n=7). Values in the same row with different superscript letters are significantly different at
(P ≤ 0.05), F: Fat; OO: Onion Oil; GO: Garlic Oil; Mix: Mixture of both Oils; AST: Aspartate Aminotransferase; ALT: Alanine
Aminotransferase; LDH: Lactate Dehydrogenase; TP: Total Proteins; Alb: Albumin; CK-NAC: Creatine Kinase Enzyme;
CKMB: Creatine Kinase Isoenzyme for Myocardial Disease; H-FABP: Cardiac Fatty Acid Binding Protein; TNO: Total Nitric
Oxide

Serum leptin and adiponectin levels
As shown in TABLE 4, F-group revealed significant (P ≤ 0.05) increase in leptin level with significant (P ≤ 0.05) decrease in
adiponectin level when compared to that of the control group. While, F-choline, F-OO, F-GO and F-Mix revealed significant
(P ≤ 0.05) reduction in leptin hormone and increase in adiponectin hormone levels compared to F-group.

TABLE 4. Serum leptin and adiponectin levels measured in control and experimental groups at 2 months.
Parameter

Experimental groups
Control

F

F-Choline

F-OO

F-GO

F-Mix

280.20e ± 0.64

694.37a ± 10.30

361.83d ± 3.39

521.33b ± 8.48

503.10b ± 6.69

443.47c ± 7.23

9.03a ± 0.34

5.60e ± 0.11

8.03b ± 0.14

6.17d ± 0.12

6.38d ± 0.06

7.03c ± 0.07

Leptin (pg/ml)
Adipo (ng/ml)
Each value represents the mean ± SE (n=7)
Values in the same row with different superscript letters are significantly different at (P ≤ 0.05)
F: Fat; OO: Onion Oil; GO: Garlic Oil; Adipo: Adiponectin
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Hepatic and cardiac tissues lipid peroxidation and antioxidant status
Rats fed high fat diet elucidated lipid peroxidation of the liver and heart tissues evidenced by significant (P ≤ 0.05) high level
of MDA compared to the control rats. While, rats in other groups supplied with dietary supplements together with the fat diet,
showed significant decrease in MDA level compared with F-group. Whereas, rats in all treated fat groups exhibited
significantly (P ≤ 0.05) raised SOD activities and GSH levels in liver and heart tissues compared with untreated F-group, thus
improving the antioxidant capacity (TABLE 5).

TABLE 5. Hepatic and cardiac tissues lipid peroxidation and antioxidant status in different experimental groups at 2
months.

Cardiac tissue

Hepatic tissue

Parameter

Experimental groups
Control

F

F-Choline

F-OO

F-GO

F-Mix

0.18e ± 0.00

1.30a ± 0.07

0.39d ± 0.01

0.87b ± 0.04

0.77b ± 0.03

0.60c ± 0.01

7.46a ± 0.17

4.48f ± 0.15

7.00b ± 0.09

5.39e ± 0.14

6.08d ± 0.06

6.54c ± 0.17

20.71a ± 0.19

11.73f ± 0.38

18.89b ± 0.11

14.11e ± 0.18

16.19d ± 0.19

17.08c ± 0.22

0.10f ± 0.00

0.87a ± 0.05

0.25e ± 0.01

0.62b ± 0.02

0.50c ± 0.01

0.39d ± 0.01

2.87a ± 0.04

1.47e ± 0.07

2.69ab ± 0.04

1.72d ± 0.08

2.17c ± 0.12

2.51b ± 0.08

12.05a ± 0.16

7.59f ± 0.19

11.35b ± 0.16

8.80e ± 0.20

9.84d ± 0.11

10.65c ± 0.23

MDA
(nmol/g tissue)
SOD (U/g tissue)
GSH
MDA (nmol/g
tissue)
SOD (U/g tissue)
GSH (mg/g tissue)

Each value represents the mean ± SE (n=7). Values in the column with different superscript letters are significantly different at (P ≤
0.05). F: Fat; OO: Onion Oil; GO: Garlic Oil; MDA: Malondialdehyde; SOD: Superoxide Dismutase; GSH: Reduced Glutathione

Histopathological results
Liver: Liver of control group showed normal histological structures, hepatic lobules were of same size and shape with normal
portal areas. Each lobule had a centrally located central vein and radiating columns of hepatic cells. Hepatic cells were
hexagonal in shape with abundant eosinophilic cytoplasm and centrally located basophilic nuclei. Hepatic sinusoids were
normal (FIG. 1a). All livers of F-group rats showed various degrees of fat infiltration inside the hepatic cells which
represented by unstained vacuoles inside the hepatocytes. The vacuoles were of various shapes and sizes and some were
coalesce forming large vacuoles. Some cases developed inflammatory reaction around hepatic areas and around some of the
congested central veins along with fibrous connective tissue proliferation (FIG. 1b). The fibrous tissue extends from portal
areas to another (porto-portal, grade II). The liver of group F-choline revealed mild to moderate fat infiltrations in hepatocytes
and focal infiltration with lymphocytes and few macrophages around hepatic areas (FIG. 1c). F-OO rats showed mild to
moderate infiltrations with fat and focal leukocytic infiltrations around hepatic areas (FIG. 1d). F-GO rats revealed marked
reduction in fat infiltrations inside hepatocytes and multifocal marked inflammatory reactions around hepatic areas (FIG. 1e).
F-mix rats showed pronounced improvement of hepatic cells with mild vacuoles along with multiple foci of leukocytes
around hepatic areas (FIG. 1f).
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Aorta: Aorta of control group showed normal histological structures of the three aortic layers, tunica intema which facing the
lumen and consists of flattened endothelial cells, tunica media which consists of smooth muscles and elastic fibers and the
outer tunica adventitia which consists of collagen fibers (FIG. 2a). All sections of aorta in F-group showed swelling of the
fibers in the wall with marked thickening of the elastic fibers and focal hyalinization of smooth muscles, along with focal
basophilic depositions and prominent vacuoles in sub-intema (FIG. 2b). The aorta of F-choline group revealed mild swelling
and disposition of fat vacuoles (FIG. 2c). F-OO group showed mild to moderate thickening of the tunica media along with
vacuolation and discontinuity of tunica intema (FIG. 2d). F-GO group revealed marked reduction in fat deposition with
reduced hyalinization of the muscles (FIG. 2e). F-mix group showed pronounced improvement and protection against the fat
diet (FIG. 2f).

Discussion
Unhealthy lifestyle as taking high-fat diet, being overweight, smoking, heavy alcohol use and lack of exercise can lead to
abnormal cholesterol level and liberation of free radicals. Onion and garlic are rich in some essential fatty acids and some
bioactive compounds that play an important role in fat metabolism and elimination of free radicals. These effects are strongly
needed in some developing countries; suffering from several diseases caused by eating unbalanced diet that rich in saturated
fats. This result came in agreement with Hooper et al. [37]. Meanwhile, the treated fat groups showed significant decrease in
their body weight compared to F group. As, choline had a breaking down action on fats resulting in overall weight loss [38].
Onion and garlic have anti-obesity effect due to sulfur-containing compounds [39]. The obtained data were in harmony with
that indicated by El-Demerdash et al. [40].

8

www.tsijournals.com | September-2018

FIG. 1. Liver (a) Control group showing normal architecture of the liver, (b) Fat group showing diffuse infiltration of
fat in hepatocytes represented by unstained vacuoles and focal leukcocytic infiltrations (inserted window). (c, d, e and
f) Treated groups showing variable degrees of protection. H & E stain, X400. Vacuoles (arrow heads) and focal
leucocytic infiltrations (star stick).

Elevated lipid level and its accumulation can induce coronary atherosclerosis [41] through the formation of fibrous plaques
within the wall of the large and middle arteries [42], resulting in narrowing of the arteries that supply blood to the
myocardium, limiting blood flow and producing insufficient amounts of oxygen to meet the needs of the heart. In the current
study, F-group manifested disturbed lipid profile. Where, increased susceptibility of LDL-C to lipid peroxidation, would
result in LDL-C oxidation and atherosclerosis occurrence [43].

FIG. 2. Abdominal aorta, (a) control group showing normal architecture of the aorta, (b) fat group showing focal
basophilic depositions (arrow heads) with marked infiltration of fat vacuoles forming foam cells (arrows) and
prominent thickening of elastic fibers. (c, d, e and f) treated groups showing variable degrees of protection where (f)
showing fairly normal architecture. H & E stain, X400. (Tunica intima; I, Tunica media; M and Tunica adventitia; A).

The increase in serum TG could be attributed to an increase in hepatic VLDL production and secretion, increased de novo
hepatic fatty acid synthesis, inhibition of fatty acid oxidation and reduction in lipoprotein lipase [44]. Furthermore, the
increase in TC level due to activated 3-hydroxy-3-methylglutaryl-CoA (HMG-coA) reductase [45]. On the other hand, dietary
9
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supplements showed significant improvement in lipid profile level. As formerly explained, phosphotidyl choline (PC) could
promote fatty acid catabolism via β-oxidation [46] and activate bile acid synthesis [47]. OO has a lipid-lowering effect due to
various bioactive compounds including quercetin, that reduced the triacylglycerol and VLDL formation by suppressing
diacylglycerol acyltransferase and acetyl-CoA carboxylase activities [48]. Moreover, GO significantly decreased LDL-C level
via decrease of hepatic HMG-CoA reductase, cholesterol 7α-hydroxylase, pentose-phosphate pathway activities [49], increase
of bile acid excretion [50] and inhibition of hepatic fatty acid synthesis [51]. This reduction is probably due to diallyl disulfide
(DADS) present in garlic [52]. Garlic could express anti-atherosclerotic activity through repressed LDL-C oxidation. Over
and above, the decreased TG level might be referred to the stimulating effect of garlic on lipase enzyme [53]. While, onion
and garlic oil combination; favorably drew the bad effect of high fat diet on the lipid profile, due to the high content of
organosulfur compounds, thus exhibiting a hypolipidemic effect. These results were authenticated by the histopathological
observations.

Serum liver and heart biomarkers were adversely affected by high fat diet supplementation, where, liver aminotransferases
enzymes, LDH, CK-NAC and CKMB activities and H-FABP level were raised, while, total protein, albumin and NO levels
were decreased. These results agreed with Panchal et al. [54] and Faloppi et al. [55]. Similarly, Amin and Nagy [56] recorded
significant high serum ALT, LDH, CK-NAC and CK-MB activities in rats fed on high fat diets. ALT and AST are
cytoplasmic enzymes, released into the blood after hepatic cellular damage [57]. So, the reduction in total protein and albumin
levels could be attributed to diminished synthesis resulting from hepatocellular damage [58] or stress due to the increased
demand of the body to neutralize ROS provoked by high fat diet [59]. Likewise, AST, LDH and CK are cytosolic enzymes in
the myocardial cells, which emerge into the circulation upon cell injury serving as diagnostic tools of myocardial diseases
[60,61]. Furthermore, H-FABP is protein of low molecular weight in the cytoplasm of cardiac myocytes and is regarded as a
sensitive indicator of outstanding myocardial injury [62]. H-FABP adjusts the intracellular lipid transport in myocardium and
thus modulates the metabolic state [63]. Elevated serum H-FABP levels were recorded in NAFLD [64], which might serve as
subclinical myocardial injury.

Otherwise, treated fat groups lowered the activities of the estimated marker enzymes in comparison to the F-group, denoting
that choline, onion and garlic had antioxidative action toward ROS, thus preventing leakage of liver enzymes into circulation
through preserving cell membrane stability [57]. In addition, choline is an essential nutrient that is required for the formation
of PC, which is necessary for the integrity of the cell membranes [8]. Veenema et al. [65] stated that adequate intake levels of
choline are sufficient for preventing elevation of LDH enzyme. Our results came in line with Hanaa et al. [66], Marcolin et al.
[67] and Nabila [68] who deduced significant reduction in the activities of liver aminotransferases with garlic oil, choline and
onion supplementation respectively. As well, elevation of total protein and albumin levels in the treated groups could be
attributed to their antioxidant effects against ROS, thus they improved the liver function to synthesize protein and albumin
[69-71].

NO is synthesized in the endothelial lining of blood vessels and is renowned to have a relaxing effect on the surrounding
smooth muscles leading to vasodilatation and increasing the blood flow. Regarding the high fat diet adverse effect,
Ferdinandy et al. [72] reported that sustained feeding on high cholesterol diet led to decreased cardiac NO level. Similarly,
Giricz et al. [73] and Ónody et al. [74] reported reduced cardiac NO content in hyperlipidemic group rats, as hyperlipidemia
results in cardiac stress due to disturbance in nitric oxide metabolism. Where, unsteady production of endothelial NO synthase
(eNOS) enzyme occurs, leading to lower NO generation and endothelial injury [75]. Huang et al. [76] demonstrated that
diminished NO bioavailability in lean female Zucker rats fed on high fat diet may arise due to a decrease in NO production
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from L-arginine or oxidation of NO by ROS superoxide. Furthermore, hypoadiponectemia led to reduced NO production as a
result of retarded eNOS phosphorylation [77]. Further, dietary supplementation of choline and nutraceuticals enhanced the
NO bioavailability, in agreement with Predmore et al. [78]. Garlic was found to increase the production of NO in normal
human volunteers [79] and quercetin had proved to boost NO bioavailability [80,81].

Adipokines secreted by adipocytes that infiltrated the adipose tissue in insulin-resistant states; take in a role in NAFLD
pathogenesis which is associated with cardiovascular diseases. NAFLD pathogenesis includes hyperleptinemia due to
increased release of cytokines as IF-γ, TNF-α and TGF-β1 [82]. Furthermore, adiponectin promotes fat oxidation and
minimizes denovo fatty acid synthesis [83]. Hypoadiponectemia recorded in NAFLD, resulted in abnormal fat metabolism in
hepatocytes and fat accumulation [84]. In the present study, F-group had significantly increased serum leptin level and
decreased adiponectin level compared to control group. Gnacinska et al. [85] deduced that leptin concentrations are positively
correlated with adiposity and body weight alterations. While, Lihnet al. [86] stated that adiponectin has negative correlations
with measure of adiposity. Dietary supplements improved body weight therefore upgraded the levels of leptin and adiponectin
hormones and elucidated to have anti-obesity effect, where choline could promote fatty acid β-oxidation [46,87]. Quercetin
and garlic sulfur compounds had anti-obesity effect that depressed adiposity [48,88].

Hepatic and cardiac tissues oxidative stress was clear in rats fed on high fat diet, while, dietary supplementation of other
groups with natural products ameliorated the oxidative effect induced by the high fat diet. In accordance with Ónody et al.
[74] who mentioned that plasma MDA was significantly increased in cholesterol-fed rats as compared to controls. Similarly,
Otunola et al. [14] observed oxidative exertion in the hypercholesterolemic rats evidenced by increased MDA levels and
suppressed antioxidant enzymes in the liver, kidney, heart and brain tissues, and reported also reduced MDA levels and
restored activities of antioxidant enzymes upon supplementation with spices extracts. Prevailing of ROS is approved to be
more efficient in prohibiting cardiovascular diseases than limited consumption of fat diets [89]. Mitochondrial dysfunction
participates in the pathogenesis of NAFLD at different levels, including lipid oxidation impairment and the induction of
peroxide production [90].

Conclusion
The current study has outlined some biochemical pathways contributing to the pathogenesis of NAFLD. While, the details of
many of these pathways are still being elucidated; it provided targets for future therapeutic strategies in NAFLD and
emphasized their impacts for prohibiting atherosclerosis. The protective effects of nutraceuticals specifically; onion and garlic
oils as well as choline, against the adverse influence of NAFLD on hepatic and cardiac activities had been addressed. Onion
and garlic combination proved to have synergistic and effective hypolipidemic, antioxidant and anti-atherogenic influences in
rats fed high fat diet than administering each supplement alone.
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