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Homocysteine has emerged as a novel independent marker of risk for the 

development of cardiovascular disease (CVD). Nonalcoholic fatty liver 

disease (NAFLD) is consistently associated with features of the metabolic 

syndrome, a condition carrying a high risk of cardiovascular events. The 

objective of this study was to investigate the correlation between non-

alcoholic fatty liver and risk of cardiovascular disease. Also, this study 

evaluated the level of serum homocysteine and their association with the 

disease severity in rats fed high fructose diet. The obtained results revealed a 

significant (p<0.05) increase in carbohydrate profile (glucose, insulin & 

insulin resistance index) in NAFLD associated CVD rat groups dependent on 

the fructose intake as compared to their normal control ones. Lipid profile 

(cholesterol, triglycerides, HDL, LDL, VLDL & atherogenic index) were 

significantly (p<0.05) elevated in treated rats (fructose rat groups) when 

compared to their corresponding control group. Furthermore, liver profile 

(ALT, AST, GGT, L-FABP & haptoglobin) and cardiac profile (CK, LDH, 

H-FABP, myoglobin & homocystein) were significantly (p<0.05) increased 

throughout the whole experimental period in treated rats. The levels of 

inflammatory cytokines (CRP, TNF-α, IL-6 & IL-1β) were increased in 

animal groups which treated by fructose during the whole experimental 

periods (1, 2 & 3 months). On the other hand, NAFLD associated with CVD 

rats groups showed a significant (p<0.05) decrease in adiponectin level. 

These data suggested that high fructose diet induced NAFLD associated with 

CVD and confirmed the strict association between increased homocystein 

level, NAFLD and pronouncing of cardiovascular disease which reflected the 

degree of damage occur in both liver and heart.   

 

 
                  Copy Right, IJAR, 2014,. All rights reserved. 

 

 

Introduction 
 

Homocysteine (HCY) is a sulfur containing amino acid that is formed as an intermediate in methionine metabolism 

in the liver (Stead et al., 2000). Hyperhomocysteinemia is regarded as an independent risk factor for cardiovascular 

diseases (CVD); it has been implicated in diverse cardiac pathological conditions including coronary heart disease, 

acute myocardial infarction and sudden cardiac death (de Carvalho et al., 2013). However, it remains elusive 

whether HCY itself is a causative risk factor or merely a biomarker of cardiovascular disesae (Smulders & 

Blom, 2011). Furthermore, hyperhomocysteinemia unleashes mediators of inflammation, increases production of 

intracellular superoxide anion causing oxidative stress, reduces intracellular level of nitric oxide and induces 

endoplasmic reticulum stress, all of which can explain many processes of Hcy promoted cell injury and may result 

also in insulin resistance (IR) (Shoelson et al., 2006). Although, hyperhomocysteinemia and insulin resistance 
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are both associated with cardiovascular disease, data on the association between homocysteine levels and IR 

syndrome have provided conflicting results (Vaya et al., 2011).  

 

Insulin resistance (IR) plays an important role in the pathogenesis of non-alcoholic fatty liver disease (NAFLD), the 

hepatic manifestation of IR or metabolic syndrome (Polyzos et al., 2009). NAFLD is a disease characterized by 

abnormal fat accumulation in the liver and the condition can progress into more serious liver disease, such as non 

alcoholic steatohepatitis (NASH), liver fibrosis, cirrhosis and more rarely, liver carcinoma (Adams & Angulo, 

2005). The metabolic syndrome has received considerable attention over the last decades, as the cluster of its 

associated diseases significantly increases the risk of cardiovascular disease mortality (Eckel et al., 2005); it is also 

known as cardiometabolic syndrome. Although, type II diabetes (TIID), obesity and elevated plasma triacylglycerols 

are well-known contributors to cardiovascular morbimortality, NAFLD has been recently suspected as playing a role 

in the development of CVD, independently of traditional risk factors (Targher & Arcaro, 2007).  

 

Dietary fructose is a major candidate for causing NAFLD. Unlike glucose, fructose ingestion can rapidly cause fatty 

liver in animals, in association with the development of leptin resistance (Shapiro et al., 2008), microvascular 

disease (Cirillo et al., 2009) and vascular inflammation (Glushakova et al., 2008). Recent data suggested that the 

increase of fructose consumption led to remarkable elevations in the fat mass, de novo lipogenesis, inflammation 

and pronouncing of induces insulin resistance associated with postprandial hypertriglyceridemia, particularly in 

overweight individuals (Stanhope & Havel, 2009). Moreover, Ouyang et al. (2008) indicated that the development 

of NAFLD may be associated with excessive dietary fructose consumption. Whether increased fructose 

consumption correlates merely with the development of NAFLD or promotes the transition from NAFLD to NASH 

and more advanced stages of liver damage remains unclear. 

 

Therefore, the objective of this work was to investigate the association between hyperhomocysteinemia and the 

pronouncing of non-alcoholic fatty liver disease associated with the elevation risk of cardiovascular disease.  

 

Material and Methods 
 

Sixty male albino rats (Rattus rattus) weighing 200±20 g were used in this study. The animals were housed in 

regular cages situated in the Animal House at Biological Applications Department, Nuclear Research Center, 

Atomic Energy Authority, Egypt. Rats were maintained on standard rat chow diet and were given tap water to drink 

ad libitum. 

 

At the beginning of the study, rats were randomly divided into four groups according to the type of diet (n=15 in 

each group). The first group was fed on a control diet according to NRC (1977) as described in table (1). The other 

three groups were fed on the same compositions as the control diet, except that corn starch was replaced with an 

equal amount of 20% fructose & 10% lard (Low fructose diet) for 2
nd

 group, 40% fructose &10% lard (Mid fructose 

diet) for 3
rd

 group and 60% fructose &10% lard (High fructose diet) for 4
th
 group respectively for one, two and three 

months according to Du Vigneaud & Karr (1925) and approved by Pooranaperundevi et al. (2010)
 
(Table 1). At the 

completion of each experimental period, the fasting animals were anaesthetized and blood from individual rats was 

collected by cardiac puncture. Sera were separated and divided into considerable aliquots to avoid the effects of 

repeated thawing and freezing. All specimens were stored at -40°C until use.  

  

Table (1): Composition of the normal and fat diets 

Nutrient Standard normal  

diet 

Low fructose diet 

(20%) 

Mid fructose diet 

(40%) 

High fructose diet 

(60%) 

Corn starch 60 % 40 % 20 % zero % 

Soybeans 18 % 18 % 18 % 18 % 

Sucrose 10 % zero % zero % zero % 

Corn oil 4.5 % 4.5 % 4.5 % 4.5 % 

Cellulose 4.5 % 4.5 % 4.5 % 4.5 % 

Vitamin & mineral mixture 3 % 3 % 3 % 3 % 

Fructose zero % 20 % 40 % 60 % 

Lard zero % 10 % 10 % 10 % 



ISSN 2320-5407                               International Journal of Advanced Research (2014), Volume 2, Issue 9, 161-176 
 

163 

 

Serum glucose, cholesterol, triglycerides and HDL-cholesterol levels were determined colorimetrically using 

commercial kits from Human, Germany. LDL-cholesterol, VLDL-cholesterol and atherogenic index were calculated 

by the following equation:  

LDL (mg/dL) = Total cholesterol – Tiglyceride/5 + HDL (Assman et al., 1984). 

VLDL (mg/dL) = Total serum triglyceride/5 (Friedewald et al., 1972).   

Atherogenic Index = Total serum triglyceride / Total serum HDL-C (Pandya et al., 2006).  

 

The homeostatic model assessment (HOMA) value as a measure of IR was calculated using the following formula:  

fasting insulin (µU/L) × fasting glucose (mmol/L)/22.5 according to Matthews et al. (1985). 

 

The activities of lactate dehydrogenase (LDH), creatin kinase (CK), aspartate aminotransferase (AST), alanine 

aminotransferase (ALT) and gamma glutamyl transferase (GGT) were measured by using commercial kinetic kits 

(Prolabo, France).     

 

Moreover, serum insulin, leptin and angiotensin II levels were estimated by radioimmunoassay (RIA) specific kit for 

rats using solid phase component system purchased from ICN Pharmaceuticals Inc, USA. However, serum resistin, 

adiponectin, endothelial-1 (ET-1), C- reactive protein (CRP), interlukin 1β (IL-1β), interlukin- 6 (IL-6) and tumor 

necrosis factor-α (TNF-α) levels were assayed using commercial ELISA (Sandwich Immunoassay Technique) 

specific kit for rats (Immuno-Biological Laboratories Co., Ltd. USA). Haptoglobin, myoglobin levels were assayed 

using commercial ELISA (Sandwich Immunoassay Technique) specific kit for rats (ALPCO, Ltd. USA). 

 

In addition, the levels of rat homocysteine (Hcy) were assayed by the aid of ELISA (Sandwich immunoassay 

technique) using commercial kit (CUSABIO, China). Also, rat H-FABP and L-FABP quantitative tests based on a 

solid phase enzyme-linked immunosorbent assay (ELISA) developed by Life diagnostics Inc. West. Chester PA, 

USA. 

 

Statistical differences between the means were assessed by analysis of variance (ANOVA) followed by Duncan's 

multiple range test according to Duncan (1955) and Snedecor & Cochran (1982) using a computer program 

(Costate). Values of P<0.05 were considered statistically significant.  
 

Result and Discussion  
 

Non-alcoholic fatty liver disease (NAFLD) is strongly associated with type II diabetes mellitus and cardiovascular 

disease (CVD). It is characterized by insulin resistance and mitochondrial dysfunction. Fructose-fed rat model 

develops an insulin-resistance syndrome with a very similar metabolic profile to the human condition, including 

hyperinsulinemia, insulin resistance, hypertriglyceridemia and decreased HDL cholesterol (Chiu et al., 2014). The 

literature data diverged widely regarding to the characterization of metabolic syndrome disorders in rats. These 

differences are attributable mainly to differences among experimental protocols, such as the variability in the 

composition of diets, duration of dietary treatments, age and species of animals (de Castro et al., 2013). To minimize 

these biases, the current investigation was designed to study several biochemical parameters of adult rats submitted 

to different fructose diets are most often used to induce disturbances related to metabolic syndrome.  

 

In the current work, treated rat groups with different fructose diets (Low, mid & high) recorded significant (p<0.05) 

increase in carbohydrate profile (glucose, insulin and HOMA-IR) as compared to their corresponding control rats 

group (Table 2). One possible explanation for insulin resistance in fructose-fed rats is a downregulation of insulin 

receptors with lower insulin receptor mRNA levels in skeletal muscle but not kidney. This effect has been found to 

be associated with a decrease in insulin-stimulated glucose utilization and a reduction in insulin sensitivity (Catena 

et al., 2003). Kannappan and Aduradha (2009) showed that high fructose diet was able to impair insulin sensitivity 

and glucose tolerance. This finding was confirmed by the observed hyperglycemia, hyperinsulinemia and elevated 

HOMA, and these data matched with those of Yadav et al. (2009). 

 

Increase in the fructose load to the liver, could elicit rapid responses that ultimately influence hepatic gene 

expression, glucose disposal and insulin action. This may be attributed to the fact that fructose metabolism bypasses 

the regulatory step catalyzed by phosphofructokinase-1. Fructose-1-phosphate is split by aldolase B into 

glyceraldehyde and dihydroxyacetone phosphate. Both of them can be converted to glyceraldehyde-3-phosphate. 

Thus, the fructose molecule is metabolized into 2 triose phosphates that bypass the main rate-controlling step in 
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glycolysis, 6-phosphofructokinase. So, fructose continuously enters the glycolytic pathway resulting in 

hyperglycemia (Mayes, 1993).  

 

Table (2): Disturbance in carbohydrate profile as results of liver injury in non alcoholic fatty liver disease 

associated with cardiovascular diseases in rats. 

- Means bearing different superscripts (A,B,C&D) within the same row are differ significantly (P<0.05). 

- Means bearing different subscripts (a,b&c) within the same column are differ significantly (P<0.05). 

 

Moreover, Stanhope & Havel (2008) reported that visceral adiposity is known to be increased by high fructose diet. 

It is associated with insulin resistance as a result of the direct delivery of portal blood flow from visceral fat to the 

liver releasing free fatty acids (FFAs). The greater lipolytic capacity of visceral than peripheral adipocytes releases 

more FFAs to the portal circulation. Furthermore, when visceral adipocytes enlarge, they become more insulin 

resistant than smaller adipocytes. Increased amounts of FFAs directly affect insulin signaling, diminish glucose 

uptake in muscle and induce gluconeogenesis in the liver (Mlinar et al., 2007). 

 

There is considerable evidence supporting the ability of high fructose diets to promote hepatic lipogenesis because it 

provides unregulated amounts of lipogenic substrates acetyl-CoA and glycerol-3-phosphate which in turn 

stimulates de novo lipogenesis, via increases the synthesis, esterification, secretion and accumulation of 

cholesterol and fatty acids in hepatocytes (Yadav et al., 2009). In this work, the consumption of fructose diets (Low, 

mid & high) in rat groups for 1, 2 & 3 months resulted in hypertriglyceridemia, hypercholesterolemia and increased 

levels of both LDL, HDL, VLDL and atherogenic index as compared to their corresponding control rats as shown in 

table (3). These results may be due to the disturbance in the hypothalamus-pituitary-thyroid axis (HPTA), the 

elevation in the lipid oxidation, the elevation of ceramides levels or/and the decrease of β-oxidation of lipid in the 

matrix of mitochondria. These results are in agreement with that obtained by D'souza et al. (2012). The authors 

reported that increment in de novo lipogenesis may help in the promotion and increment in the synthesis of 

ceramides which they are the potentially toxic by-products of excessive lipid accumulation in insulin-sensitive 

tissues. Ceramides are indeed deemed to be toxic to hepatic function and contribute to liver lipotoxicity associated 

with the pronouncing of insulin resistance (Promrat et al., 2011). Moreover, Roglans et al. (2002) reported that 

continuous fructose feeding caused down regulation of PPAR-α, which in turn leads to a reduction in triglycerides 

catabolism which is involved with LDL, acyl Co-A oxidase and β-oxidation. 

 

Insulin and glucose are known to directly regulate lipid synthesis and secretion. Insulin controls hepatic sterol 

regulatory element binding protein (SREBP) expression, which is a key transcription factor responsible for 

regulating fatty acid and cholesterol biosynthesis. SREBP binds to sterol responsive elements (SRE) found on 

multiple genes and can activate a cascade of enzymes involved in cholesterol biosynthetic pathways, such as HMG-

CoA reductase (Brown & Goldstein, 1997) and fatty acid synthase (FAS) (Bennett et al., 1995).  

 

 
Standard   normal 

diet 

NAFLD + CVD 

Low fructose diet 

(20%) 

Mid fructose diet 

(40%) 

High fructose diet 

(60%) 

G
lu

co
se

 

(n
m

o
l/

L
) One month 6.171 ± 0.26 

A 
a 

 
7.884 ± 0.41 

B 
a 9.117 ± 0.62 

C 
a 12.014 ± 0.88 

D 
a 

Two months 6.166 ± 0.24
 A 

a
 

9.624 ± 0.67 
B 

b  11.589 ± 0.86 
C 

b 15.839 ± 0.97 
D 

b 

Three months 6.180 ± 0.27 
A 

a 
 

11.061 ± 0.82 
B 

c 15.212 ± 0.93 
C 

c 19.112 ± 1.04 
D 

c 

In
su

li
n

 

(μ
U

/L
) One month 26.932 ± 1.07 

A 
a 29.556 ± 1.16 

B 
a 37.113 ± 1.32 

C 
a 42.817 ± 1.45 

D 
a 

Two months 26.897 ± 1.02 
A 

a 34.429 ± 1.29 
B

 b 41.692 ± 1.41 
C 

b 50.772 ± 1.63 
D 

b 

Three months 26.916 ± 1.04 
A 

a 40.027 ± 1.37 
B 

c 48.225 ± 1.56 
C 

c 59.565 ± 1.78 
D 

c 

IR
 

(H
O

M
A

) One month 7.387 ± 0.31 
A 

a 10.356 ± 0.54 
B 

a 15.038 ± 0.74 
C 

a 22.862 ± 0.92 
D 

a 

Two months 7.371 ± 0.29 
A 

a 14.726 ± 0.69 
B 

b 21.474 ± 0.89 
C 

b 35.741 ± 1.11 
D 

b 

Three months 7.392 ± 0.32 
A 

a 19.677 ± 0.81 
B 

c 32.604 ± 1.04 
C 

c 50.596 ± 1.25 
D 

c 
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High density lipoprotein (HDL) is the major cholesterol lipoprotein carrier in rats, thus, the elevation of serum HDL 

could merely be a reflection to the observed the increment of serum T-cholesterol (Girard et al., 2006). Also, insulin 

resistance decreases lipoprotein lipase activity, the major mediator of VLDL clearance, which may make a smaller 

contribution to elevate triglycerides levels. VLDL is metabolized to remnant lipoproteins and LDL, both strongly 

associated with atherosclerotic risk (Semenkovich, 2013). 

 

Table (3): Disturbance in lipid profile as results of liver injury in non alcoholic fatty liver disease associated 

with cardiovascular diseases in rats. 

- Means bearing different superscripts (A,B,C&D) within the same row are differ significantly (P<0.05). 

- Means bearing different subscripts (a,b&c) within the same column are differ significantly (P<0.05). 

 

Several studies reported the relationship between elevated serum activities of liver enzymes (e.g., alanine 

aminotransferase (ALT) and gamma-glutamyltransferase (GGT) and metabolic syndrome, diabetes and NAFLD. 

Raised serum activities of liver enzymes independently predicted the future development of metabolic syndrome as 

well as cardiovascular (CV) events and/or total CV mortality in prospective studies (Haring et al., 2009 and Kim et 

al., 2014). In the current work, fructose fed rat groups (Low, mid & high) recorded hepatic injury which was evident 

by significant elevation in the serum activities of ALT, AST and GGT associated with a significant increment in the 

level of L-FABP and haptoglobin levels as compared to their corresponding normal fed rats groups throughout 

whole experimental periods (1, 2 & 3 months) (Table 4). These changes may be attributed to the damage occur in 

hepatocytes. Gamma-glutamyltransferase (GGT) is a subclinical indicator of insulin resistance and it has been 

suggested that its high serum values represent early evidence for oxidative stress. Moreover, hepatic steatosis is 

 
Standard   normal 

diet 

NAFLD + CVD 

Low fructose diet 

(20%) 

Mid fructose diet 

(40%) 

High fructose diet 

(60%) 

C
h

o
le

st
er

o
l 

 

(m
g
/d

L
)  One month 57.559  1.54 

A 
a 74.326  1.79 

B 
a 95.227  1.96 

C
a 115.492  2.11 

D
a 

Two months 57.137  1.51 
A 

a 90.419  1.94 
B 

b 147.129  2.34 
C

b  166.728  2.66 
D

b 

Three months 57.763  1.59 
A 

a 126.768  2.23 
B 

c 172.601  2.78 
C

c 220.319  3.07 
D

c 

T
ri

g
ly

ce
ri

d
es

 

(m
g
/d

L
) One month 60.859  1.63 

A 
a 82.146  1.94 

B 
a 104.412  2.09 

C
a 133.018  2.44 

D
a 

Two months 61.217  1.65 
A 

a 111.538  2.27 
B 

b 159.879  2.64 
C

b 208.213  3.21 
D

b 

Three months 61.352  1.66 
A 

a 152.325  2.58 
B 

c 197.653  2.91 
C

c 265.773  3.48 
D

c 

H
D

L
 

(m
g
/d

L
) One month 14.723  0.64 

A 
a 16.347  0.72 

B 
a 18.659  0.81 

C
a 22.786  0.91 

D
a 

Two months 14.678  0.63 
A 

a 19.179  0.86 
B 

b 22.527  0.90 
C

b 26.191  1.06 
D

b 

Three months 14.619  0.61 
A 

a 23.521  0.93 
B 

c 25.854  0.97 
C

c 29.097  1.14 
D

c 

L
D

L
 

(m
g
/d

L
) One month 30.664  0.78 

A 
a 41.550  0.89 

B 
a 55.686  1.07 

C
a 66.102  1.18 

D
a 

Two months 30.216  0.75 
A 

a 48.932  0.98 
B 

b 92.626  1.64 
C

b 98.894  1.77 
D

b 

Three months 30.879  0.81 
A 

a 72.782  1.26 
B 

c 107.216  1.91 
C

c 138.067  2.29 
D

c 

V
L

D
L

 

(m
g
/d

L
) One month 12.172  0.49 

A 
a 16.429  0.62 

B 
a 20.882  0.68 

C
a 26.604  0.77 

D
a 

Two months 12.243  0.51 
A 

a 22.308  0.71 
B 

b 31.976  0.80 
C

b 41.643  0.96 
D

b 

Three months 12.270  0.52 
A 

a 30.465  0.83 
B 

c 39.531  0.91 
C

c 53.155  1.08 
D

c 

A
th

er
o
g
en

ic
  

In
d

ex
 

 

One month 4.134  0.09 
A 

a 5.025  0.19 
B 

a 5.596  0.24 
C

a 5.838  0.29 
D

a 

Two months 4.171  0.12 
A 

a 5.817  0.28 
B 

b 7.097  0.45 
C

b 7.950  0.61 
D

b 

Three months 4.147  0.11 
A 

a 6.476  0.37 
B 

c 7.645  0.54 
C

c 9.134  0.76 
D

c 
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characterized by a remarkable elevation in the activities of GGT which is also a predictor of coronary artery disease 

(Meisinger et al., 2006).  

 

 

Table (4): Disturbance in liver profile as results of liver injury in non alcoholic fatty liver disease associated 

with cardiovascular diseases in rats. 

- Means bearing different superscripts (A,B,C&D) within the same row are differ significantly (P<0.05). 

- Means bearing different subscripts (a,b&c) within the same column are differ significantly (P<0.05). 

 

In search of even smaller and more specific cytoplasmic proteins of liver injury, the liver fatty acid binding protein 

(L-FABP) may be a promising new marker. L-FABP is a 14-kDa cytoplasmic protein that binds long-chain fatty 

acids (LCFAs) with high affinity (Veerkamp & Maatman, 1995). The putative functions assigned to L-FABP 

include the desorption of LCFAs from the plasma membrane to the cytoplasm, the promotion of intracellular fatty 

acid (FA) diffusion (Huang et al., 2002), the targeting of FAs to different metabolic pathways and protection against 

the cytotoxic effects of free FA (Poirier et al., 2001). This property of L-FABP modulates diverse cellular functions, 

including fatty acid uptake and intracellular lipid contents and metabolism. 

 

The current study revealed that L-FABP levels were significantly (p<0.05) increased in all treated rat groups during 

the whole experimental periods, suggesting that a compensatory mechanism to release excess lipid as VLDL is 

promoted in the liver. These data are comparable with previous studies of van Nieuwenhoven et al. (1996). The last 

authors showed that small cytoplasmic proteins diffuse earlier into the vascular system after cell injury than large 

proteins. However, because of the abundant content of L-FABP in liver tissue, the magnitude of increment of serum 

values after liver injury is higher than of ALT, making L-FABP a more sensitive marker. It is also proven to be 

earlier increased when the day of treatment is taken as reference. This sensitivity could even be enhanced as more 

frequent blood sampling allows better monitoring of the rise of a serum marker.  

 

NAFLD is commonly associated with the development of hepatic inflammation (Gaemers et al., 2011). So, serum 

levels of haptoglobin, a well-known acute-phase marker of acute hepatic inflammation were measured in rats 

 
Standard   normal 

diet 

NAFLD + CVD 

Low fructose diet 

(20%) 

Mid fructose diet 

(40%) 

High fructose diet 

(60%) 

A
L

T
 

(U
/L

) 

 One month 24.836 ± 0.56 
A 

a 32.679 ± 0.78  
B 

a 41.315 ± 0.88 
C

a 55.217 ± 1.08 
D

a 

Two months 25.004 ± 0.59 
A 

a 42.113 ± 0.91 
B 

b 53.749 ± 0.97 
C

b 73.545 ± 1.26 
D

b 

Three months 24.927 ± 0.58 
A 

a 65.257 ± 1.06 
B 

c 70.334 ± 1.19 
C

c 86.109 ± 1.41 
D

c 

A
S

T
 

(U
/L

) 

One month 119.867 ± 1.79 
A 

a 132.597 ± 2.13 
B 

a 147.652 ± 2.46
 C

a 160.441 ± 2.63 
D

a 

Two months 121.524 ± 1.82 
A 

a 151.114 ± 2.52 
B 

b 170.003 ± 2.88 
C

b 192.107 ± 3.16 
D

b 

Three months 122.187 ± 1.84 
A 

a 166.926 ± 2.71 
B 

c 187.221 ± 3.03 
C

c 247.893 ± 3.42 
D

c 

G
G

T
 

(U
/L

) 

One month 15.233 ± 0.44 
A 

a 22.437 ± 0.67
  B 

a 34.821 ± 0.79 
C

a 40.089 ± 0.86 
D

a 

Two months 15.136 ± 0.41 
A 

a 39.225 ± 0.83 
B 

b 47.558 ± 0.96 
C

b 58.417 ± 1.17 
D

b 

Three months 15.187 ± 1.23 
A 

a 51.773 ± 1.02 
B 

c 61.206 ± 1.21 
C

c 72.651 ± 1.43 
D

c 

L
-F

A
B

P
 

(p
g
/m

l)
 One month 67.876 ± 0.81 

A 
a 82.139 ± 1.07 

B 
a 103.779 ± 1.18 

C
a 127.017 ± 1.42 

D
a 

Two months 67.907 ± 0.83 
A 

a 110.662 ± 1.31 
B 

b 144.422 ± 1.56 
C

b 175.491 ± 2.06 
D

b 

Three months 68.894 ± 0.82 
A 

a 153.351 ± 1.72 
B 

c 179.582 ± 2.14 
C

c 228.753 ± 2.37 
D

c 

H
p

to
g
lo

b
in

 

(n
g
/m

l)
 One month 7.089 ± 0.22 

A 
a 11.412 ± 0.43 

B 
a 14.391 ± 0.52 

C
a 16.114 ± 0.59 

D
a 

Two months 7.107 ± 0.24 
A 

a 17.579 ± 0.65 
B 

b 22.553 ± 0.77 
C

b 25.647 ± 0.92 
D

b 

Three months 7.116 ± 0.24 
A 

a 24.083 ± 0.84 
B 

c 29.919 ± 1.13 
C

c 36.205 ± 1.41 
D

c 
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suffered from non-alcoholic fatty liver associated with cardiovascular disease. Data in table (4) recorded significant 

(p<0.05) elevation in haptoglobin concentrations in all treated animals. Also, pro-inflammatory cytokines TNF-α, 

IL-6, IL-1β and CRP levels were significantly (p<0.05) elevated in all rat groups dependent on the fructose dietary 

intake (Low, mid & high) and time of treatment (1, 2 & 3 months) as compared to control ones (Table 5). These 

results suggested the development of fibrosis and liver injury in this model of NAFLD. TNF-α is known to activate 

intracellular signaling molecules, including stress related kinases such as Jun N-terminal kinase and inhibitor kappa 

beta kinase beta, that make cells resistant to the actions of insulin (Diehl et al., 2005). Furthermore, TNF-α activates 

harmful proatherogenic pathways partially through the reduction of HDL-cholesterol, elevated expression of 

cholesterogenic genes, accompanied by an increase in potentially harmful precholesterol metabolites and 

suppression of cholesterol elimination (Fon Tacer et al., 2007). In addition, TNF-α stimulates hepatic fatty acid 

synthesis, increases serum triglyceride levels and stimulates VLDL production from liver (van Nieuwenhoven et al., 

1996). 

 

IL-6 is considered as a predictor marker of insulin resistance and cardiovascular diseases. It is a multifunctional 

cytokine that regulates immune responses, mediating the synthesis of several acute phase proteins (such as C-

reactive protein) (Papanicolaou et al., 1998). Both TNF-α and IL-6 stimulate hepatic lipogenesis, impair insulin 

signaling and can alter insulin sensitivity by triggering different key steps in the insulin signaling pathway (Kim et 

al., 2004). Firstly, the presence of TNF-α favours IL-6 and related suppressor of cytokine signaling-3 (SOCS-3) 

production which blocks the activity of the insulin receptor and secondly, it inhibits the intracellular insulin 

signaling pathway by activation of serine phosphorylation of IRS. Finally, high TNF-α level suppress production 

and activity of adiponectin indicating that both high TNF-α (more insult) and low adiponectin (less protection) 

levels, however, they act together in the development of insulin resistance (Xirouchakis et al., 2009).  

 

Table (5): Disturbance in cytokines profile as results of liver injury in non alcoholic fatty liver disease 

associated with cardiovascular diseases in rats. 

- Means bearing different superscripts (A,B,C&D) within the same row are differ significantly (P<0.05). 

- Means bearing different subscripts (a,b&c) within the same column are differ significantly (P<0.05). 

Elevation in the level of CRP led to promote inflammation and accelerate atherosclerosis via increasing the 

expression of plasminogen activator inhibitor-1 and adhesion molecules in endothelial cells, inhibiting nitric oxide 

formation and increasing LDL uptake into macrophages (Chapman et al., 2011). All these metabolic abnormalities, 

common in subjects with NAFLD, have been shown to directly or indirectly promoted atherosclerosis. Also, 

NAFLD is associated with endothelial dysfunction and coronary artery disease (Targher et al., 2011). 

 
Standard   normal 

diet 

NAFLD + CVD 

Low fructose diet 

(20%) 

Mid fructose diet 

(40%) 

High fructose diet 

(60%) 

T
N

F
-α

 

(p
g
/m

l)
 One month 5.166 ± 0.008 5.763 ± 0.012 7.224 ± 0.023 10.538 ± 0.034 

Two months 5.172 ± 0.009 6.329 ± 0.017 11.553 ± 0.038 18.474 ± 0.062 

Three months 5.174 ± 0.009 6.988 ± 0.025 16.721 ± 0.051 29.701 ± 0.083 

IL
-6

 

(p
g
/m

l)
 

 

One month 10.497 ± 0.23 13.177 ± 0.34 15.336 ± 0.38 20.528 ± 0.62 

Two months 10.508 ± 0.25 17.004 ± 0.41 22.219 ± 0.71 27.215 ± 0.80 

Three months 10.419 ± 0.25 20.326 ± 0.52 27.583 ± 0.86 37.614 ± 1.05 

IL
-1

β
 

(p
g
/m

l)
 One month 3.874 ± 0.007 5.323 ± 0.012 7.527 ± 0.021 12.618 ± 0.044 

Two months 3.891 ± 0.008 6.479 ± 0.017 10.631 ± 0.037 20.039 ± 0.072 

Three months 3.882 ± 0.008 8.291 ± 0.026 15.191 ± 0.052 31.545 ± 0.081 

C
R

P
 

(n
g
/m

l)
  One month 7.289 ± 0.12 8.026 ± 0.16 9.351 ± 0.19 11.127 ± 0.24 

Two months 7.291 ± 0.12 9.658 ± 0.21 11.776 ± 0.27 20.514 ± 0.43 

Three months 7.302 ± 0.13 11.021 ± 0.29 15.479 ± 0.36 27.883 ± 0.51 
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Table (6) revealed that administration of fructose diets (Low, mid & high) to rats resulted in increment the levels of 

cardiac markers enzymes CK and LDH in serum which reflected the damage occurring in cardiac tissue. These data 

are consistent with the results of Bhatia et al. (2012). The later authors reported that there are several factors that can 

explain the elevation of cardiovascular disease risk in NAFLD subjects. Among these factors; the elevation of 

lipolysis and VLDL secretion (Yadav et al., 2009), the atherogenic lipoprotein profile via the increases of small 

dense LDL fractions and reduced in HDL fractions (Gastaldelli et al., 2007), the hyperglycemia due to hepatic 

overproduction of glucose and the increment of releasing inflammatory factors such as fibrinogen and C reactive 

protein (CRP) (Gastaldelli et al., 2007).  

 

Table (6): Disturbance in heart profile as results of liver injury in non alcoholic fatty liver disease associated 

with cardiovascular diseases in rats. 

- Means bearing different superscripts (A,B,C&D) within the same row are differ significantly (P<0.05). 

- Means bearing different subscripts (a,b&c) within the same column are differ significantly (P<0.05). 

Myoglobin and heart type-FABP (H-FABP) both are early and sensitive markers for myocardial infarction. They are 

rapidly released following myocardial injury and rapidly cleared from the circulation by the kidneys. Therefore, they 

are very useful as early markers in the time interval up to approximately 24-36 h after onset of symptoms. Although, 

myoglobin is currently recommended as preferred early cardiac marker, H-FABP would be a better choice (Alpert et 

al., 2000). H-FABP has a higher specificity and sensitivity than myoglobin for the detection of myocardial injury 

(Nakata et al., 2003). Due to the relatively low plasma concentration of H-FABP in healthy individuals and its high 

tissue content, H-FABP shows sensitivity that even allows the detection of minor myocardial injury in patients with 

chronic heart failure or unstable angina pectoris (Setsuta et al., 2002). In the current work, it is shown that after 

cardiac injury, the serum myoglobin and H-FABP levels increased above the references values and can therefore be 

determined as the earliest markers of cardiac injury. 

  

Homocysteine, a homologue of cysteine with an additional methylene group, is an intermediate in methionine 

metabolism and is located at the intersection of two metabolic pathways; it is either remethylated back to 

 
Standard   normal 

diet 

NAFLD + CVD 

Low fructose diet 

(20%) 

Mid fructose diet 

(40%) 

High fructose diet 

(60%) 

C
K

 

(U
/L

) 

 One month 92.764 ± 1.15 134.323 ± 1.48 161.552 ± 1.83 200.189 ± 2.16 

Two months 93.364 ± 1.18 152.478 ± 1.69 211.675 ± 2.27 282.378 ± 3.02 

Three months 93.007 ± 1.17 191.126 ± 1.95 252.993 ± 2.54 337.451 ± 3.89 

L
D

H
 

(U
/L

) 

One month 233.893 ± 2.93 307.652 ± 4.12 353.702 ± 4.53 391.375 ± 4.98 

Two months 236.649 ± 2.97 381.231 ± 4.87 406.253 ± 5.14 452.268 ± 5.51 

Three months 237.127 ± 3.02 420.592 ± 5.37 467.779 ± 5.76 517.113 ± 6.12 

M
y
o
g
lo

b
in

 

(n
g
/m

l)
 One month 33.874 ± 0.74 38.547 ± 0.83 40.771 ± 0.91 43.067 ± 0.98 

Two months 33.962 ± 0.77 41.532 ± 0.94 45.549 ± 1.03 49.239 ± 1.21 

Three months 34.018 ± 0.79 46.116 ± 1.07 49.887 ± 1.28 55.651 ± 1.43 

H
-F

A
P

P
 

(n
g
/m

l)
 One month 15.473 ± 0.29 18.643 ± 0.42 21.227 ± 0.49 24.315 ± 0.52 

Two months 15.486 ± 0.28 23.019 ± 0.49 25.583 ± 0.55 32.004 ± 0.71 

Three months 15.501 ± 0.31 27.665 ± 0.59 31.091 ± 0.64 41.852 ± 0.86 

H
cy

 

(µ
m

o
l/

L
) One month 10.769 ± 0.23 12.325 ± 0.31 13.899 ± 0.36 15.207 ± 0.48 

Two months 10.812 ± 0.26 14.453 ± 0.40 17.112 ± 0.55 19.548 ± 0.61 

Three months 10.785 ± 0.24 16.211 ± 0.52 20.631 ± 0.69 24.012 ± 0.73 
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methionine or it is irreversibly degraded via the transsulfuration pathway to cysteine (Blom & Smulders, 2011). 

Regarding remethylation pathway, methionine is the precursor of S-adenosylmethionine (SAM), the key methyl 

donor for phosphotidylcholine synthesis. Low methyl group availability decreases the synthesis of 

phosphotidylcholine, a major phospholipid required for the assembly and export of very low density lipoprotein 

(VLDL) from the liver which may lead to hepatic lipid accumulation resulting in steatosis (Obeid & Herrmann, 

2009). Regarding transsulfuration pathway, cystathionine beta synthase, the first enzyme involved in the 

transsulfuration pathway, catalyzes the condensation of HCY with serine to form cystathionine. Cystathionine is 

subsequently hydrolyzed to form cysteine, which in turn, can be incorporated into protein or used to synthesize the 

antioxidant GSH (Noll et al., 2011).   

 

Viewing the aforementioned data, hyperhomocysteinemia observed in the fructose fed rat groups throughout whole 

experimental period (1, 2 & 3 months) may be attributed to the reduction in the specific activity of two key 

enzymes of Hcy metabolism, namely, methyltetrahydrofolate reductase and cystathionine β synthase (CβS). These 

results are in accordance with those of Polyzos et al. (2012), who found that plasma Hcy was significantly elevated 

in cirrhotic patients versus controls. 

 

Hyperhomocysteinemia has been suggested to be associated with cardiovascular diseases as it is proved to cause 

cytotoxicity, lipid peroxidation, increase platelet aggregation, impairment activation of the coagulation system and 

stimulation of vascular smooth muscle cell proliferation (Herrmann et al., 2007). Moreover, NAFLD is associated 

with accelerated atherosclerosis (Targher & Arcaro, 2007) and oxidative stress which is now believed to be an 

important factor in the development/progression of the condition (Videla et al., 2006). Several studies indicated that 

the increase of oxidative stress is an important trigger for insulin resistance, which is believed to cause the 

disturbances in liver lipid metabolism that result in NAFLD. The resulting fat accumulation is then thought to 

promote further production of reactive oxygen species, thus oxidative stress can be considered to be both a cause 

and a consequence of hepatic steatosis (Videla et al., 2004). Also, Gulsen et al. (2005) noted that plasma Hcy 

concentrations were significantly higher in NAFLD patients as compared to healthy subjects and reported that the 

Hcy is a good predictor of progression to NASH. 

  

Other key players in the pathogenesis of NAFLD which associated with cardiovascular disease are the so called 

adipokines (leptin, resistin and adiponectin) secreted by the adipocyte that infiltrate the adipose tissue in insulin-

resistant states. Visceral adipose tissue represents a preferential source of adipokines and cytokines potentially 

acting on the liver tissue. The adipokines exert both metabolic and immune functions and mediates the metabolic 

cross-talk between adipose tissue, muscle and liver. In fact, levels of adiponectin are decreased in NAFLD patients 

and inversely related to hepatic insulin resistance and hepatic fat content (Bugianesi et al., 2005), degree of 

inflammation (Hui et al., 2004) and extent of fibrosis in the liver (Musso et al., 2005).  

 

Pathogenesis of NAFLD involves hyperleptinemia, which is also related to atherosclerosis. Leptin is a hormone that 

regulates appetite and metabolism. Also, it has been found to have many biological effects on various systems and 

may be the signal that integrates vascular, metabolic and neuroendocrine responses (Leung & Kwan, 2008). 

Moreover, insulin has a direct influence on the synthesis and secretion of leptin. It is thought that leptin participating 

in glycol-metabolism and fat-metabolism in liver mainly depends on the regulation of gene expression of 

phosphoenolpyruvic acid and efficiency of glyconeogenesis which stimulates liver intake of lactic acid and genesis 

of hepatic glycogen (Kolaczynski et al., 1996). 

 

As shown in table (7), hyperleptinemia was recorded in all rat groups of NAFLD associated with CVD fed on 

different percent of fructose (Low, mid & high) when compared to their corresponding control animals. These 

results are in agreement with that obtained by Angulo et al. (2004) and Basaranoglu et al. (2013). The authors 

reported that plasma leptin levels have been positively associated with cardiovascular complications in humans and 

this effect has been observed independent of BMI and traditional cardiac risk factors. According to Machado et al. 

(2012), leptin level increases progressively with   increasing severity of hepatic steatosis via the stimulated release 

of cytokines such as tumor necrosis factor-α, interferon-γ, interferon-18 and tumor growth factor-β1.    

 

Resistin is primarily secreted by monocytes or macrophages in humans (Curat et al., 2006). On one hand, obesity-

associated inflammation stimulates the adipocytes themselves to produce inflammatory mediators, on the other 

hand, these inflammation mediators aggravate inflammation and thus, increases resistin secretion and vice versa. 



ISSN 2320-5407                               International Journal of Advanced Research (2014), Volume 2, Issue 9, 161-176 
 

170 

 

This vicious circle causes and maintains macrophages infiltration into adipose tissue (Zhou et al., 2007). Data in 

table (7) showed that serum resistin level was increased in all NAFLD associated with CVD rat groups throughout 

the whole experimental period (1, 2 & 3 months). These results are in parallel with that obtained by Bokarewa et al. 

(2005). They reported that resistin regulates hepatic glucose and lipid metabolism and act as a mediator of hepatic 

insulin resistance in animal models. Furthermore, resistin has proinflammatory properties. It enhances interleukin 6 

and TNF-α production and both of them are increased in NAFLD patients (Bokarewa et al., 2005). 

 

Table (7): Disturbance in hormonal profile as results of liver injury in non alcoholic fatty liver disease 

associated with cardiovascular diseases in rats. 

- Means bearing different superscripts (A,B,C&D) within the same row are differ significantly (P<0.05). 

- Means bearing different subscripts (a,b&c) within the same column are differ significantly (P<0.05). 

Adiponectin is one of the important adipocytokines in the pathogenesis of NAFLD. Adiponectin has been shown to 

decrease de novo fatty acid synthesis and enhance fat oxidation (Musso et al., 2008). Decreased adiponectin is 

associated with insulin resistance and hyperlipidaemia and low level of adiponectin was shown in NAFLD 

independent of the components of the metabolic syndrome (Targher et al., 2004). Importantly low levels of 

adiponectin are also shown to be associated with CVD (Pischon et al., 2004). The low adiponectin levels in NAFLD 

accompanied with CVD rats groups which fed on fructose low, mid and high were recorded in this study. These data 

may represent a pathogenic mechanism leading to alteration in the hepatocyte lipid metabolism and fat accumulat ion 

(Table 7). These results are supported by report of Bajaj et al. (2004), who found an inverse correlation between 

adiponectin levels and liver fat content. In fact, high adiponectin levels have been reported to protect against both 

alcoholic and nonalcoholic fatty liver disease in mice by reducing fatty acid synthesis through inhibition of acyl-

CoA carboxylase (ACC) and fatty acid synthase (FAS) expression and activity (Xu et al., 2003). The reduction of 

ACC activity decreases the malonyl-CoA level, which is known to inhibit carnitine palmitoyltransferase I (CPT-I) 

activity and fatty acid oxidation. Therefore, the reduction of adiponectin in NAFLD could be due to increase in fatty 

acid synthesis, accumulation of triglycerides and decrease fatty acid oxidation (Lo´pez-Bermejo et al., 2004).  

 

 
Standard   normal 

diet 

  NAFLD + CVD 

Low fructose diet 

(20%) 

Mid fructose diet 

(40%) 

High fructose diet 

(60%) 

L
ep

ti
n

 

(n
g
/m

l)
  One month 2.791  0.006 3.126  0.011 4.038  0.022 4.509  0.029 

Two months 2.803  0.005 3.869  0.017 4.968  0.036 5.398  0.043 

Three months 2.797  0.006 4.457  0.024 5.721  0.051 6.046  0.062 

R
es

is
ti

n
 

(n
g
/m

l)
 One month 3.419 ± 0.015 3.879 ± 0.022 4.402 ± 0.029 5.107 ± 0.048 

Two months 3.428 ± 0.017 4.223 ± 0.031 4.976 ± 0.045 6.014 ± 0.061 

Three months 3.433 ± 0.018 4.886 ± 0.039 5.516 ± 0.053 6.897 ± 0.069   

A
d

ip
o
n

ec
ti

n
 

(n
g
/m

l)
 One month 8.692 ± 0.043 8.101 ± 0.047 7.513 ± 0.053 6.917 ± 0.056 

Two months 8.683 ± 0.041 7.322 ± 0.052 6.847 ± 0.058 6.126 ± 0.053 

Three months 8.677 ± 0.041 6.654 ± 0.048 6.008 ± 0.055 5.523 ± 0.062 

E
n

t-
1
 

(p
g
/m

l)
 One month 0.392 ± 0.004 0.527 ± 0.011 0.682 ± 0.014 0.841 ± 0.017 

Two months 0.393 ± 0.004 0.886 ± 0.018 1.035 ± 0.022 1.378 ± 0.033 

Three months 0.395 ± 0.004 1.209 ± 0.027 1.387 ± 0.004 1.701 ± 0.038 

A
n

g
io

te
n

si
n

  
  
 

II
 (

p
m

o
l/

L
) 

One month 1.752 ± 0.003 1.984 ± 0.008 2.478 ± 0.017 2.698 ± 0.019 

Two months 1.758 ± 0.004 2.367 ± 0.014 2.901 ± 0.022 3.117 ± 0.021 

Three months 1.756 ± 0.003 2.539 ± 0.019 3.328 ± 0.023 3.661 ± 0.026 
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Also, adiponectin exerts potent anti-inflammatory effects, as documented in experimental studies where authors 

demonstrated that reduces TNF-α production in response to various stresses in plasma, adipose tissue, vascular wall, 

heart and liver (Ujiie et al., 2006). In addition, antagonizes several of the inflammatory effects of TNF-α can 

facilitate the removal of early apoptotic cells by macrophages and modulate the processes of inflammation and 

autoimmunity (Ouchi et al., 2003). 

 

As regard to endothelial-1 and angiotensin-II, the significant (p<0.05) increase in the levels were detected herein through 

the whole experimental time. Jepsen et al. (2003) postulated that endothelial dysfunction and increased cardiovascular 

risk were expected in NAFLD, a condition strictly associated with metabolic syndrome. In addition, angiotensin-II, 

the main peptide of the renin–angiotensin system, is a true cytokine that regulates cell growth, inflammation and 

fibrosis (Ruiz-Ortega et al., 2001). It plays an important role in the pathophysiology of various cardiovascular 

disorders, such as hypertension and atherosclerosis. It has been reported that blockade of the renin–angiotensin 

system increases adiponectin concentrations in patients with essential hypertension (Furuhashi et al., 2003).  

 

In conclusion, hyperhomocysteinemia and the elevation of L-FABP in non-alcoholic fatty liver disease could be 

used as independent predictor of cardiovascular disease severity in NAFLD rats. However, further studies are 

needed to determine more clearly and explanations.  
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