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Abstract Nonalcoholic fatty liver disease (NAFLD) represents the hepatic manifestation of the metabolic syndrome and
covers a large spectrum of liver diseases ranging from benign steatosis to steatohepatitis. There is increasing evidence that
adipocytokines are key players in NAFLD. 70 male rats weighted 100-120 gm and divided into two groups control and
NAFLD group which fed high fat diet for 14 weeks to evaluate the role of adipocytokines in the induction of NAFLD disease.
The levels of adiponectin and tumor necrosis factor —alpha were measured in serum, liver, white and brown adipose tissue,
glucose, insulin, insulin resistance by homeostasis model HOMA-IR. triglyceride, total cholesterol, HDL, LDL, aspartate
aminotransferase, alanine aminotransferase , gamma-glutamyl transferase in serum and lipid content in liver were determined.
From our result we found that adiponectin levels were reduced in NAFLD rats, while TNF-a levels were elevated,
significantly, the increase in blood glucose, cholesterol, LDL-cholesterol and lower HDL-cholesterol level in NAFL group
compared to control rats from the second week, Hyperglycemia was detected at 8" week of treatment, fasting insulin show a
significantly higher level in NAFLD rats from the 4™ week of treatment. HOMA-IR show higher degree of insulin resistance
from the 6™ week and significantly increased levels of triglycerides. Our results suggest that NAFLD is an inflammatory
disease and that inflammation is a primary cause for insulin resistance, hyperglycemia, dyslipidemia, steatosis, steatohepatitis,
These findings support a complex interaction between adipocytokines and the pathogenesis of NAFLD.
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“second hit”, usually referred to as oxidative stress and
1. Introduction cytokine-induced liver injury. This model provides a

. . . . framework to revise the main mechanisms involved in the
Non alcoholic fatty liver disease (NAFLD) is defined as  ,,ihooenesis of hepatic steatosis and its progression to
the accumulation of fat in the liver (conventionally set as steatohepatitits. [4]

more than 5% by weight) in the absence of secondary causes First hit: insulin resistance is thought to be inevitably

such as i.ncreased alcohol consumption and other forms of  |; 1ed to the pathogenesis of NAFLD. [5] This condition
chronic hvgr dls.ease. [1] . . classically involves multiple sites: the muscle, where it
) A fatty liver is a consequence of accumul.atlon of various  jocreases glucose uptake and utilization, the liver, where it is
lipids, mostly observed in cases of obesity. (2] Severgl responsible for the increased production of glucose despite
events might ultimately result in a fatty liver, especially in fasting hyperinsulinaemia, and the adipose tissue, where
the context of insulin resistance; increased free fatty acid lipolysis is not adequately suppressed by insulin, with
(FFA) delivery owing to increased lipolysis from both subsequent release of glycerol and non esterified fatty acids
visceral and subcutaneous adipose tissue, and/or increased (NEFA) into the bloodstream. In addition to increased FFA
intake of diﬁ:tar}{ fat; dec?eased FFA oxidation; increased 4‘3 efflux to the liver and increased hepatic de novo lipogenesis,
novo hepat1c' lipogenesis (DNL); and decreased hepatic  ,poeher important source of hepatic triacylglycerol (TAG) is
lipid export via VLDL. [3] represented by exogenous lipids. During the post-prandial

Two hits model by Day and James was the first attempt phase, dietary lipids are transported from the gut into the
to provide a pathophysiological rationale to the progression .0 dstream in the form of chylomicrons and stored in the
of liver damage, claiming that the reversible intracellular liver, where they are processed and assembled with

deposition of triacylglycerols (first hit) leads to metabolic apolipoprotein B-100 (apo B-100) to form VLDL. [6, 7]

and molecular alterations that sensitize the liver to the Second hit: The progression from steatosis to

] steatohepatitis is likely due to the intersection of multiple
* Corresponding author: hani babl . . "
dr.nevienmahmoud@gmail.com (Nevien Mahmoud Ahmed) mee an'ls‘rr‘ls, probably .superlmposmg on a gene' 1€
Published online at http://journal.sapub.org/ajmms susceptibility to metabolic and liver damage. Oxidative
Copyright © 2015 Scientific & Academic Publishing. All Rights Reserved stress is increased in patients with Nonalcoholic
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steatohepatitis (NASH). An excess of NEFA supply to the
liver increases mitochondrial and peroxisomal B oxidation,
promotes microsomal induction of cytochrom-4A1l
(CYP4A1) and cytochrom-2E1 (CYP2E1l) leading to
elevated production of reactive organelle toxicity by an
increase in lipid peroxidation with subsequent inflammation
and fibrosis. [8]

Several adipocytokines have been implicated in the
pathogenesis of nonalcoholic fatty liver disease (NAFLD).

Adiponectin is the most abundant adipose tissue derived
hormone. In the liver, adiponectin is considered to have
insulin sensitizing, antifibrogenic, and anti-inflammatory
properties by acting on hepatocytes, hepatic stellate cells,
and hepatic macrophages (Kupffer cells). [9, 10]

Tumor necrosis factor-alpha (TNF-a) a cytokine, has been
reported to induce insulin resistance in adipocytes by
suppressing proteins essential for insulin-stimulated glucose
intake, through inhibition of the insulin receptor proximal
signaling, and by inhibiting the expression of peroxisome
proliferator-activated receptor gamma (PPARY). [11]

The aim of the study: is to clarify the effect of
adipocytokines in the induction of experimental non
alcoholic fatty liver disease.

2. Materials and Methods

Seventy local Wistar male rats weighing approximately
100-120 grams are used. Rats were divided into two groups:
control group (group I; n=35) and non alcoholic fatty liver
desiese (NAFLD) group, (group II; n=35). The control group
was fed a standard diet. The NAFL group was fed high fat
diet (HFD) to induce NAFLD for 14 weeks.

Five fasting rats were sacrificed each 2 weeks by cervical
dislocation and blood samples were collected to obtain
serum for the assessment of glucose, insulin, bilirubin,
alanine aminotrasferase, aspartate aminotransferase, gamma
glutamyl transferase, adipocytokines (adiponectin, TNF-a).
The rats were dissected to harvest liver, visceral white
adipose tissue, and intrascapular brown adipose tissues for
assessment of adipocytokines, and lipid content.

2.1. Biochemical Measurements

Rat insulin ELISA kit (Millipore) is used for the non
radioactive quantitative of insulin in rat sera. Plasma glucose
levels were determined according to an enzymatic
calorimetric method which has been described by Trinder.

The insulin resistance index (IRI) was derived using the
homeostasis model assessment (HOMA) as follows:

[Fasting insulin (p U/ml)
X fasting glucose (m mol/L)] /22.5) (1)

Plasma levels of alanine aminotransferase (ALT),
aspartate  aminotransferase  (AST), gamma-glutamyl
transpeptidase  (GGT), bilirubin, triglycerides, total
cholesterol (TC), HDL were determined in our clinical

laboratories in medical research institute. The low density

lipoprotein  cholesterol concentration (LDL-C) was
calculated from the TC, the HDL cholesterol concentration
(HDL-C) and the triglycerides concentration (TG) using the
equation:

LDL-C = TC — (HDL-C) - TG/ 5 Q)

2.2. Adiponectin and Tumour Necrosis Factor- alpha
(TNF-0)

Serum levels of adipokines and cytokines were measured
with enzyme immunoassays according to the manufacturer's
instructions by using ELISA kits from (eBioscience, USA).

2.3. Histopathological Examination

Liver tissue specimens from each studied groups were
fixed in 10% neutral buffered formalin then washed in
running water, dehydrated in ascending series of ethyl
alcohol, cleared in xylene and embedded in paraffin wax.
Sections of 4um thick were cut and stained with hematoxylin
and eosin stains (H&E) for histopathological investigations.

2.4. Statistical Analyses

Data are expressed as mean + SE. All statistical tests were
performed with SPSS 20.0. Data were analyzed by two-way
ANOVA to assess differences between the groups. The
difference between control and NAFLD group was used
Student’s — test. P<0.05 was considered statistically
significant.

3. Result

3.1. Liver Function Tests

Normally all liver enzymes (AST, ALT, GGT), and total
bilirubin show a slow age-dependant increase. In NAFLD
rats induced by HFD, the liver enzymes and total bilirubin
were significantly elevated compared to control group from
the second week onwards as shown in Table 1.

Table 1. Liver Function Tests

Parameter Control NAFLD

2W 1420+1.92 22.80 + 3.70*
AST (U/L)

14W 18.00 = 1.58 80.00 + 6.28*

2W 11.60 + 1.14 19.60 + 1.14"
ALT (U/L)

14W 16.60 £ 1.52 53.60 £+ 6.69*

2W 10.00 = 1.58 18.00 + 1.87*
GGT (U/L)

14W 13.80+1.92 53.20 +10.80*

2W 0.53+0.25 0.60+0.14
TB (mg/dl)

14W 0.81+0.05 3.06 £ 0.42%

W= weeks, Data were presented as mean+ SD. *= Significant difference
between control and NAFL at each feeding period by t-test (P<0.05).

3.2. Glucose Homeostasis Parameters

Blood glucose was significantly elevated in NAFLD rats
compared to control rats from the second week of feeding
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and its level increased directly with the duration of feeding
as shown in Table 2. Hyperglycemia was detected at 8th
week of feeding and thereafter.

Table 2. Glucose Homeostasis Analysis

Parameter Control NAFLD
Glucose 2W 70.00 + 8.01 91.57 +9.03*
(mg/dl) 14W 80.78 = 7.09 167.45 +7.02*

Fasting insulin 2W 1.35+0.79 1.37+0.13
(ng/ml) 14W 1.68 = 0.60 6.23 £0.63*
2W 5.41+£2.88 7.46 £ 1.41
HOMA-IR
14W 7.86£4.19 63.94 + 10.75*

HOMA-IR = homeostasis insulin resistance index, W = weeks, *= Significant
difference between control and NAFL by t-test (P<0.05).

3.3. Lipid Parameters

There are a significant increase in triglyceride, total
cholesterol and LDL-C levels in NAFLD rats after 2nd
week of feeding rats with HFD which continued to the
increase as the duration of feeding increased.
Hypertriglyceridemia observed at 6th week while
hypercholesterolemia and abnormally high LDL-C were
detected after 6th week. In contrast HDL-C was decreased
from the 4th week of feeding after which its level shows a
significant decrease with the duration of feeding Table 3.
The lipid content (triglycerides and cholesterol) of the liver
of NAFLD rats showed significantly higher level from the

3.4. Adipocytokines

Serum TNF-a levels were significantly increased in the
NAFLD rats at all time points after feeding with HFD
compared to control rats. In normal rats the highest content
of TNF-a will be observed in white adipose tissues (WAT)
followed by brown adipose tissues (BAT) and with the
lowest level in hepatic tissues. In NAFLD rats fed with
HFD, there was elevation of the tissues levels of the
pro-inflammatory cytokine; TNF-a from the 2nd week of
feeding and which continued to increase as the duration of
feeding increased. Its level was higher at 14th week
(Table 5). Reducing serum levels of adiponectin in NAFLD
group of rats were observed compared to control which was
significant from 8th week of feeding as depicted in the
Table 6.

Table 5. TNF-o in serum and organs

Parameter Control NAFLD

TNF-oinserum | 2W 36.00 + 7.42 50.00 + 7.91%*

(pg/ml) 14W 42.00 +5.70 80.00  6.12*
TNF-a in liver 2W 6.38+1.16 13.98 = 4.43%
(pg/mg protein) | 14w 12.01 +2.69 88.26 + 6.15%
TNF-0 in WAT 2W | 223.42+18.78 | 239.92+16.73
(pg/mg protein 14W | 234.37+20.68 474.67+15.26*
TNF-a in BAT 2W 120.40+5.99 162.26+29.52*
(pg/mg protein) | 14w 125.58+9.97 404.01+14.58*

2nd week of feeding rats with HFD (Table 4).

Table 3. Lipid profile in serum of rats

Parameter Control NAFLD
2w 110.09 £ 16.34 129.32+13.32
TG (mg/dl)
14W 132.18 £40.33 356.73 £ 75.60%*
Cholesterol 2W 79.66 +2.05 110.07 £ 8.32*
(mg/dl) 14W 130.89 £ 7.05 268.82+7.71*
2W 46.28 +4.86 45.37 £3.69
HDL (mg/dl)
14W 50.62+£2.97 10.72 £2.36*
2W 11.36 £5.91 38.83 £9.98%*
LDL (mg/dl)
14W 53.84+7.19 197.45 £19.20*
W = weeks, *= Significant difference between control and NAFL by t-test
(P<0.05).
Table 4. Hepatic Lipid Content
Parameter Control NAFLD
TG (mg/g 2W 76.42 £16.80 186.32 £ 27.54*
tissue) 14W 124.00+ 13.30 | 542.32 £28.42%
Cholesterol 2W 314.84 £ 33.64 402.58 + 14.13*
(mg/gtissue) | 14w | 35097+ 14.13 | 645.16+25.81%

W = weeks, *= Significant difference between control and NAFL by t-test

(P<0.05).

W = weeks, *= Significant difference between control and NAFL by t-test
(P<0.05), WAT = white adipose tissue, BAT= brown adipose tissue.

Table 6. Adiponectin in serum and organs

Parameter Control NAFLD
Adiponectin in 2W 13.00 £1.58 12.60 £1.52
serum (ng/ml) 14W 14.00 = 1.58 6.00 £ 2.45%

Adiponectin in liver 2W 122+0.16 1.06£0.14
(ng/mg protein) 14W 120+0.12 0.71+0.11*

Adiponectin in WAT 2W 42.46 + 5.85 37.97 £5.63
(ng/mg protein 14W | 4032+4.21 25.93 £ 3.90%

Adiponectin in BAT | 2W 18.49 + 1.59 18.33 £ 1.09
(ng/mg protein) 14W | 18.98+1.48 11.11 +0.94*

W = weeks, *= Significant difference between control and NAFL by t-test
(P<0.05), WAT = white adipose tissue, BAT = brown adipose tissue.

3.5. Histological Examination

Histological examination of livers from NAFLD rats
demonstrated the progressive development of substantial
steatosis with necroinflammatory changes and subsequent
development of fibrosis throughout the study period from 2
week onwards Figure 1. After 8 weeks there is mild portal
inflammatory as shown in Figure 2, after 12 weeks micro
steatosis was observed (Figure 3) and 14 weeks showing
macro steatosis (Figure 4).
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Figure 1. After 2 weeks showing more or less normal architecture with a
single cell showing microvesicular steatosis

Figure 2. After 8 weeks showing mild portal inflammatory infiltrate and
multiple scattered foci

Figure 3. After 12 weeks showing micro (arrows) & macro (arrowheads)
steatosis

Figure 4. After 14 weeks showing marked macrosteatosis

4. Discussion

In NAFLD multi-organs are involved. The liver and
adipose tissues are of central importance. The interest in
adipose tissue pathophysiology has grown along with the
dramatic increase in the prevalence of obesity. [12]

The relationship between the liver and adipose tissue are
particularly close. It is remarkable to note that both visceral
adipose tissue and the liver share similarities in which
metabolic cells (adipocytes or hepatocytes) are in close
proximity for immune cells (NK and NKT cells), Kupffer
cells, hepatic stellate cells, and endothelial cells or
macrophages, and both have immediate access to a vast
network of blood vessels. With this configuration, both
tissues form a suitable environment for continuous and
dynamic interactions between immune and metabolic
responses [13]. In fact, this interface might contribute to the
emerging importance of these two organs in the initiation
and development of metabolic diseases, particularly in the
context of type 2 diabetes, obesity and NAFLD [14].

During the course of NAFLD in our rats we found that
fasting glucose level is significantly higher in NAFLD
compared to control rats from the second week of treatment
and its level increased directly with the duration of treatment.
Hyperglycemia was detected at 8™ week of treatment and
thereafter also fasting insulin show a significantly higher
level in NAFLD rats from the 4™ week of treatment. The
insulin resistance index (HOMA-IR) show higher degree of
insulin resistance from the 4™ week and with increasing
duration the situation become evident as represented in Table
2. These derangements of glucose homoeostasis during HFD
feeding are associated with serious derangements in lipid
profile as indicated by significantly increased levels of
triglycerides, cholesterol and LDL-cholesterol and lower
HDL-cholesterol level from 2nd week of treatment (Table 3).
The hepatic lipid content show significantly higher content
from 2nd week of induction with abrupt hepatic
accumulation after 4th week, this indicates that hepatic TG
accumulation proceeds or at least concomitant with
hyperinsulineamia at 4th week and insulin resistance which
became significant from the 4th week of induction (Table 4).

Liver fat accumulation results from a disturbance in the
balance between supply, formation, consumption and
hepatic oxidation or disposal of triglycerides. The potential
sources of lipids contributing to fatty liver include plasma
non-esterified fatty acid (NEFA) pool from adipose tissue,
newly made fatty acids within the liver through de novo
lipogenesis and dietary fatty acids. Nearly 60-80% of liver
triacylglycerol is derived from circulating free fatty acids
(FFA) [15-17].

The increased influx of FFAs to the liver from adipose
tissues and diet through portal vein stimulates the hepatic
gluconeogenesis and synthesis of triglycerides, impairs the
ability of insulin to suppress hepatic glucose output and
affects other metabolic insulin effects (insulin resistance)
[18].
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Insulin directs the selection of metabolic fuels for energy
production and, in doing so, it is the only hormone
committed to the prevention of hyperglycemia [19]. Insulin
sensitivity is commonly described as the ability of insulin to
lower plasma glucose levels by suppressing hepatic glucose
production and stimulating glucose uptake in skeletal muscle
and adipose tissue. Insulin resistance describes an impaired
biological response to insulin, but there is sufficient
variability in normal sensitivity to insulin that there is no
specific boundary at which sensitivity ends and resistance
begins. [20]

Visceral adipose tissue represents a preferential source of
adipocytokines potentially acting on the liver tissue. The
adipocytokines exert both metabolic and immune functions
and mediates the metabolic cross-talk between adipose
tissue, muscle and liver. Alteration in the secretion of
adipocytokines from adipocytes contributes to metabolic
and inflammatory abnormalities such as alteration in the
rate of the synthesis of triglycerides in the hepatocytes and
increased lipolysis in central adipose tissue [21]. The liver
damage in NASH could result from an imbalance between
pro- and anti-inflammatory adipocytokines. [22] In the
present study we found an interesting pattern of
adipocytokines changes. While the serum adiponectin show
reduction during induction of NAFLD, the TNF-o show
great elevation (Tables 5, 6).

It was clear that the elevation of TNF-a precede the
reduction of adiponectin by long time; as higher TNF-a was
observed from the 2™ week in serum and all tissues while
reduction of adiponectin become significant at 4™ week in
liver, 6™ week in adipose tissues and 8" week in serum.
These results may confirm the principle role of TNF-a in
the early induction of NAFLD and the inhibitory effect of
TNF-a on the production of adiponectin. In accordance with
our study adiponectin plasma levels were found to be
decreased in NAFLD patients and inversely related to
hepatic insulin resistance, hepatic fat content [23], degree of
inflammation and extent of fibrosis in the liver [24]. High
levels of TNF-o and low levels of plasma adiponectin have
been indicated as independent predictors of NASH in
NAFLD patients [25].

Adiponectin has in general a hepatoprotective and
antifibrogenic effect in the liver wound healing process. In
the liver, adiponectin increases insulin sensitivity by
decreasing the expression of hepatic gluconeogenic
enzymes (phosphoenol pyruvate carboxykinase and
glucose-6-phosphatase) and the rate of endogenous glucose
production. In addition, adiponectin suppresses lipogenesis
and activates free fatty acid oxidation [26]. It was reported
that NASH patient's exhibit reduced adiponectin levels
compared with matched controls or patients with simple
steatosis [27] and low adiponectin was associated only with
increased steatosis and macro inflammation. Other studies
demonstrated a correlation between adiponectin levels and
suppression of endogenous glucose, as well as an inverse
association of adiponectin with intrahepatic fat [28]. The
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correlation of adiponectin with hepatic fat content, insulin
resistance and altered lipid metabolism has been described in
other studies investigating nondiabetic subjects [29]. Hotta
et al., have reported a significant negative correlation
between circulating adiponectin and triglyceride levels and a
positive correlation between adiponectin and HDL
cholesterol levels in type 2 diabetes [30], adiponectin levels
generally predict steatosis and severity of liver disease
although to what extent this is a direct effect or related to the
presence of elevation of TNF-o and more severe insulin
resistance remain to be addressed [31]. Indeed, Xu et al.
demonstrated that adiponectin administration significantly
improved fatty liver in mice. Moreover, in adiponectin
knockout mice, liver injury and fibrosis were increased [32].

The histopathological assessment in this study indicates
that even after 2 weeks of feeding HFD some hepatocytes
occasionally show microvesicular steatosis while the
steatosis is clearly evident after 6 weeks of feeding. From the
8" week of treatment Figure 2 the signs of steatohepatitis
(presence of fat and injury to the hepatocytes) were appeared
like macrosteatosis, portal inflammation, mononuclear
inflammatory infiltration, apoptosis, fibrosis and cirrhotic
changes as in Figure 3 and 4.

5. Conclusions

e Rats fed HFD are a reproducible model of NAFLD.

e Adipocytokines are the main player during the course
of NAFLD induction by HFD.

e TNF- o play the main role during the early induction
through its pro-inflammatory and lipolytic actions
and subsequent induction of insulin resistance.

o Reduction of adiponectin during late stage may
participates in the progression from benign steatosis
into NASH and fibrosis.

® The present study for the first time point to the role of
brown adipose tissues in the induction of NAFLD
however the detailed mechanism needs further
investigations.

Finally the order of events and the interrelationships
between different pathways in the development of
NAFLD need further investigation in order to find
suitable interventions for the protection or treatment.

Abbreviations

NAFLD, Non-alcoholic fatty liver disease; NASH,
Nonalcoholic steatohepatitis; TNF-a, tumor necrosis factor
alpha; HFD, high fat diet; NEFA, non estrifed fatty acid;
AST, aspartate  aminotransferase;  ALT,  alanine
aminotransferase; GGT, gamma-glutamyl transferase, HDL,
high density lipoprotein; LDL; low denstity lipoprotein;
HOMA-IR, homeostasis insulin resistance index.




180

Nevien Mahmoud Ahmed et al.:

Role of Adipocytokines in the Induction

of Experimental Non Alcoholic Fatty Liver Disease

REFERENCES

(1]

(2]

[11]

[12]

[13]

[14]

[15]

[16]

Farrell GC, larter CZ. 2006. Nonalcoholic fatty liver disease:
from steatosis to cirrhosis. Hepatology. 43: S99-112.

Marchesini G, Moscatiello S, Di Domizio S, Forlani G. 2008.
Obesity-associated liver disease. J Clin Endocrinol Metab.
93: S74-80.

Shoelson SE, Lee J, Goldfine AB. 2006. Inflammation and
insulin resistance. J Clin Invest.116: 1793-801.

Day CP, James OF. 1998. Steatohepatitis: a tale of “two hits”.
Gastroenterology. 114: 842-5.

Kahn BB, Flier JS.2000. Obesity and insulin resistance. J Clin
Invest.106:473—-81.

Donnelly KL, Smith CI, Schwarzenberg SJ, Jessurun J, Boldt
MD, Parks EJ. 2005. Sources of fatty acids stored in liver and
secreted via lipoproteins in patients with nonalcoholic fatty
liver disease. J Clin Invest. 115: 1343-51.

Ong JP, Younossi ZM. 2007. Epidemiology and natural
history of NAFLD and NASH. Clin Liver Dis. 11: 1-16.

Angulo P., Alba L.M., Petrovic L.M., Adams L.A., Lindor
K.D., Jensen M.D. 2004. Leptin, insulin resistance, and liver
fibrosis in human nonalcoholic fatty liver disease. J. Hepatol.
41:943-949.

Hui JM, Hodge A, Farrell GC, Kench JG, Kriketos A, George
J.2004. Beyond insulin resistance in NASH: TNF-alpha or
adiponectin. Hepatology. 40: 46-54.

Bugianesi E, Pagotto U, Manini R. 2005. Plasma adiponectin
in nonalcoholic fatty liver disease is related to hepatic insulin
resistance and hepatic fat content, not to liver disease severity.
J Clin Endocrinol Metab. 90:3498-504.

Tokushige K., Takakura M., Tsuchiya-Matsushita N., Taniai
M., Hashimoto E., Shiratori K.: 2007. Influence of TNF gene
polymorphisms in Japanese patients with NASH and simple
steatosis. J. Hepatol.46: 1104—1110.

Fan JG. 2008. of non-alcoholic fatty liver disease on
accelerated metabolic complications. J Dig Dis. 9: 63-7.

Shetty S, Kusminski CM, Scherer PE. 2009. Adiponectin in
health anddisease: evaluation of adiponectin-targeted drug
development strategies. Trends Pharmacol Sci. 30: 234-9.

Fabbrini E, Sullivan S, Klein S. 2010. Obesity and
nonalcoholic fatty liver disease: biochemical, metabolic, and
clinical implications. Hepatology. 51: 679-89.

H. Malhi, G.J. Gores. 2008. Molecular mechanisms of
lipotoxicity in nonalcoholic fatty liver disease, Semin. Liver
Dis. 28 (2008) 360-369.

P. Puri, R.A. Baillie, M.M. Wiest, F. Mirshahi, J. Choudhury,
O. Cheung, C. et al. 2005. Sources of fatty acids stored in
liver and secreted via lipoproteins in  patients

(18]

[19]

withnonalcoholic fatty liver disease, J. Clin. Invest. 115;
1343-1351.

M. Lazo, JM. Clark. 2008. The epidemiology of
nonalcoholic fatty liver disease: a global perspective, Semin.
Liver Dis. 28: 339-350.

Leon A, Paul A, Keith L. Nonalcoholic fatty liver disease.
CMAJ 2005; 172: 899-905.

Leon A, Keith L. 2007. Nonalcoholic fatty liver disease. Ann
Epidemiol. 17: 863—-869.

Marcin K, Leonilde B, Piero P. 2010. Nonalcoholic fatty liver
disease. Best Practice & Research Clinical Gastroenterology.
24: 695-708.

Ramon B, Krista R, José A, Fabio M. 2011. Fibrosis in
alcoholic and nonalcoholic steatohepatitis. Best Practice &
Research Clinical Gastroenterology. 25: 231-44.

Chan D, Vogel H. 2010. Current understanding of fatty acid
biosynthesis and the acyl carrier protein. Biochem. J. 430:
1-19.

Nguyen P, Leray V, Diez M, Serisier S, Le Bloc'h J, Siliart B,
et al. 2008. Liver lipid metabolism. J Anim Physiol Anim
Nutr (Berl). 92: 272-83.

Ziemke F, Mantzoros CS. 2010. Adiponectin in insulin
resistance: lessons from translational research. Am J Clin
Nutr. 91: 258S-618S.

Liu M, Liu F. 2009. Transcriptional and post-translational
regulation of adiponectin. Biochem J. 425: 41-52.

Kiess W, Petzold S, Topfer M. 2008. Adipocytes and adipose
tissue. Best Pract Res Clin Endocrinol Metab. 22: 135-53.

Guerre-Millo M. Adiponectin: an update. 2008. Diabetes
Metab. 34: 12-8.

Aristeidis V, Kyriakoula M, Constantinos C, Michael K. 2012.
The role of adiponectin in human vascular physiology.
International Journal of Cardiology. 155: 188—193.

Tilg H and Moschen AR. 2006. Adipocytokines: Mediators
linking adipose tissue, inflammation and immunity. Nat Rev
Immunol. 6: 772-83.

Hotta K, Funahashi T, Arita Y, Takahashi M, Matsuda M,
Okamoto Y, et al.2000. Plasma concentrations of a novel,
adipose-specific protein, adiponectin, in type 2 diabetic
patients. Arteriosclerosis, Thrombosis & Vascular Biology.
20:1595-9.

Matsuzawa Y. 2010. Adiponectin: a key player in obesity
relateddisorders. Curr Pharm Des. 16 : 1896-901.

Xu A, Wang Y, Keshaw H, Xu LY, Lam KS, Cooper GlJ.
2003. The fat-derived hormone adiponectin alleviates
alcoholic and nonalcoholic fatty liver diseases in mice. J Clin
Invest. 112: 91-100.



	1. Introduction
	2. Materials and Methods
	3. Result
	4. Discussion
	5. Conclusions
	Abbreviations

