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1.0. INTRODUCTION

Stress is a term in psychology and biology, first coined in the 1930s.

It refers to the consequence of the failure of an organism- human or
animal to respond appropriately to emotional or physical threats, whether

actual or imagined (Kennard., 2008).

Stress is one of the most important health and social problems.
Nowadays, human are exposed to many physical and psychological
stress. These are responsible for various pathological conditions such as
cardiovascular, hormonal and gastrointestinal diseases (Schellenbaum et
al., Swain et al., 2000). Stress has also been implicated as a cofactor in
the severity and progression of a number of ailments (Eskiocak et al.,
2006).

Stress symptoms commonly include a state of alarm and adrenaline
production, short-term resistance as a coping mechanism, and exhaustion.
Irritability, muscular tension, inability to concentrate and a variety of
physiological reactions such as headache, elevated heart rate, inability to
relax, feeling lonely, isolated or depressed, aches and pains, diarrhea or
constipation, nausea, dizziness, chest pain, and increased alcohol and
nicotine consumption are also mentioned in the literature (Barclay et al.,
2005; Seyle, 1950; Glavas et al., 2007).

The autonomic nervous system provides the rapid response to stress

commonly known as the fight-or-flight response, engaging the



sympathetic  nervous system and withdrawing the parasympathetic

nervous system (Tsigos et al., 2002).

There are three types of stress :
1-Physical stress (cold, heat, dark)
2- Metabolic stress (high fat diet ,high sucrose diet)

3-psychological stress .

There are many levels to study stress and its effect on body, one of
recently studied one is investigation done on serum adiponectin and liver

level.

Adiponectin was originally identified as a protein induced during
adipogenesis (Scherer, P. E., 1995- Nakano, Y.,1996). Low serum
adiponectin levels were demonstrated in murine models of obesity and
insulin resistance (Hu E,1996). In humans, serum adiponectin levels are
inversely correlated with body weights and adiposity (Arita Y, 1999 —
Weyer C,2001 ), suggesting important roles of adiponectin in the

development of insulin resistance in obese subjects. In addition,adipo-
nectin is reportedly involved in protection against atherosclerosis
(Okamoto Y.,2002 - Yamauchi T.,2003). Low serum levels of
adiponectin are associated with atherogenesis in obese and insulin-
resistant subjects (Hotta K.,2000- Kubota N.,2002 ). Therefore, to
understand the pathophysiology of metabolic syndrome associated with
insulin resistance and to develop novel therapeutic targets for the
metabolic syndrome, it is essential to elucidate the mechanisms regulating

adiponectin production and the resultant serum adiponectin levels.
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Previous studies have demonstrated stress influence on the serum level
of adiponectin and on liver , such as cold exposure may Suppresses
serum adiponectin in some study ( Imai junta.,2006) and in other
increase adiponectin levels (Yoda. ,2001)., and high fat diet decrease
adiponectin levels (Hotta et al. 2001).

But at the interaction of physical and metabolic stress on body weight
and serum adiponectin and fasting blood sugar and liver ,the underlying
mechanisms are largely unclear .

Therefore, the purpose of this study was to investigate the effects of the
interaction between physical and metabolic stress on serum adiponectin

and liver and interaction of both in mice.

1.1. Aim of the Study:

The present study was designed to develop an animal model
through the exposure to different type of stress . Such a model may be
helpful to gain an insight of the altered histology and biochemical

perturbations occurring due to the exposure to different type of stress .
Aims of the thesis

1. In this study, we stimulated several forms of chronic (2-week) stress in

mice, either alone or in combination with a diet that is high in fat .

2 . To study the effect of high fat diet alone and cold stress alone on
liver ,serum adiponectin level and,fasting blood sugar. and combination
of both.

3. The relationship between stress and obesity. In response to stress,
some people lose weight, whereas others gain. stress exaggerates diet-

induced obesity.



CHAPTER 2



LITERATURE
AND
REVIEW




2.0. LITERATURE AND REVIEW

2.1 . Stress:

Stress is a non-specific response of a body known to alter the physiology-
yical homeostasis of the organism resulting in a various endocrine and
visceral responses. The immune system plays an important role in
biological adaptation, contributing to the maintenance of homeostasis

and to establishment of body integrity. (Boenisch ED., 2004) The term
“stress” 1s used here in the classic sense as a state of threatened
homeostasis.

Stressors can be broadly classified into two groups:

External Stressors: External stressors include adverse physical

conditions (such as pain, uncomfortably hot or cold temperatures) or

stressful psychological environments (such as poor working conditions or
abusive relationships).

Internal Stressors: Internal stressors can also be physical (infections,
inflammation) or psychological. An example of an internal psychological
stressor is intense worry about a harmful event that may or may not
occur.

Internal psychological stressors are rare or absent in most animals except
humans. Internal stressors can be classified as under: Stressors may be of
short term (acute) or long term(chronic).

Acute Stress: Acute stress is the reaction to an immediate threat,
commonly known as the fight or flight response. The threat can be any
situation that is experienced, even subconsciously or falsely, as a danger.
Chronic Stress: Frequently, however, modern life possesses on-going
stressful situations that are not short-lived and the urge to act (to fight

or to flee) is suppressed, then it will be chronic .
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Stress can be classified into three groups:
Environmental or physical stress : (such as cold, hot, dark),
Metabolic stress : (such as high fat diet)

Psychological stress:

Stress decreases physical and mental tolerances and disturbs homeostasis,
and subsequently causes diseases or aggravates existing illness. Of the

many types of stresses, oxidative stress induces numerous diseases and

contributes to aging and brain damage. Stress decreases physical and
mental tolerances and disturbs homeostasis, and subsequently causes
diseases or aggravates existing illness. Therefore, reduction of stress is
important for the prevention of diseases and improvement of quality of
life.

Stress is one of the basic factors in the etiology of number of disease and
the pathogenesis of numerous human diseases. Some of the prominent
stress-related health problems include immune dysfunction, heart disease
and gastrointestinal (Gl) diseases.

Stressors can alter immune function by several potential mechanisms.
One of these mechanisms involves alterations of the endocrine system
that in turn modulate immune function (Blalock., 1994; Savino and
Dardenne., 1995).

Stressful  condition leads to the formation of excessive free radicals
which are the major internal threat to cellular homeostasis for aerobic
organisms (Yu BP. ,1994).

Various studies have reported activation of the hypothalamic-pituitary-
adrenal axis, the sympathetic-adrenal- medullary axis (Maier et al., 1994;
Mills et al., 1997; Azpiroz et al., 1999), and the hypothalamic-pituitary-
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thyroid axis (Silberman et al., 2002) by stressors resulting in hormonal
stress responses.

There are reports about interactions between the thyroid axis and
adrenocortical function (Sanchez-Franco et al., 1989; Kuhn et al., 1998;
Lo et al., 1998). Moreover, the modulation of immune function by
glucocorticoids (Wilckens and De Rijk., 1997), and thyroid hormones
(Madden and Felten., 1995) is well known.

It has been hypothesized that the genotype or phenotype of an animal
influences its hormonal reaction to stress stimulations, which in turn
alters the animal’s behavioral adaptability and well being (Siegel., 1995;
Mench and Duncan., 1998). Understanding the genetic basis for different
individual responses to stress is critical in preventing harmful
management practices .

The stress system coordinates the adaptive response of the organism to
real or perceived stressors (Chrousos GP., 2000). Activation of the stress
system leads to behavioral and peripheral changes to improve the ability
of the organism to adjust homeostasis and increase its chances for
survival (Sahin E., 2004).

2.1.1 Cold stress:

More than 20 years ago, Selye (1973) recognized that the physiological
system is activated by stress and that protecting and restoring the
body can also damage the system. ( Scorza FA, 2008; Andraus W,
2007). Exposure to low temperatures is considered tobe an
important stressing physical agent.( Gallo Cde B., 2009 ; Yuksel S.,
2008).

10



The physiological components of stress response to cold are metabolic,

circulatory and hormonal (Yuksel S., 2006 ).

Cold stress has been demonstrated to cause :

- Cold stress elicits shivering and muscle movement to maintain body
temperature, and this action increases production of reactive oxygen
species. (Siems WG, 1994)

-Lower body temperature during cold water immersion may inhibit
enzyme activity. Thus, metabolism of glutathione, which is important in
protecting various cells against oxidative stress and plays a part in
cellular protein and immune function, may be impaired during cold water
immersion. The ratio of oxidised glutathione to glutathione is increased
after short-term whole body cold exposure in human beings and mice.
((Siems WG, 1994-Teramoto S., 1998) However, winter swimmers have
a higher concentration of glutathione and a greater activities of
glutathione peroxidase and catalase than do healthy controls.
(Siems WG., 1999) These findings indicate that glutathione metabolism
and function might be impaired during acute cold water immersion but
can be preserved during chronic or repeat immersion.

- By summing the previous two point the cold stress cause oxidative
damage to several tissues by altering the enzymatic and non-enzymatic
antioxidant status, protein oxidation and lipid peroxidation (Sahin E.,
2004).

- Activation of hypothalamic-pituitary-adrenal axis and subsequently

release of corticosteron from the adrenal cortex into the blood stream
(Owens MJ., 1991). The elevation of endogeneous corticosterone due to
the stress response has been reported to accelerate the generation of free
radicals (Mcintosh LJ., 1996).
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- Longterm cold exposure is known to induce increases in mitochondrial
volume and density, capillary diameter, aerobic enzyme activity and

tissue oxygen consumption (Selman C., 2002).

2.1.2 High Fat Diet (HFD)
Fats

Fats are composed of glycerol esterified to three fatty acids. Fats
are composed of glycerol esterified to three fatty acids. Fats are derived
from three primary sources: (1) the diet; (2) de novo biosynthesis,

particularly in liver; and (3) storage depots in adipocytes.

Processes by which these sources are utilized in animals are summarized
in Figure 2.1. 1. Breakdown of fats by lipases yields fatty acids and
glycerol.

Triglycerides are the main form of fat in our bodies and in our diets. They
provide us with energy, insulation, and protect our internal organs from
damage. They also enable our bodies to metabolize proteins and
carbohydrates more efficiently. Despite the many benefits triglycerides
have, too much in our blood circulation can cause major health problems,
such as heart disease. Knowing the right fats to eat can help reduce
overall cholesterol levels and help us to maintain a healthy body.
Triglycerides can be further divided into the following categories:
(Jennifer Moll., 2008)

a) Saturated Fats.
b) Monounsaturated Fats.

¢) Polyunsaturated Fats.
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d) Essential Fatty Acids .

e) Hydrogenated Fats.

(b) Fat Absorption and Transport:

Dietary fat is hydrolyzed in the lumen of the small intestine (mostly by
pancreatic lipase) to yield glycerol, free fatty acids, monoacylglycerols,
and diacylglycerols. The hydrolysis products of this digestion are
combined back into triacylglycerols (fats) in the endoplasmic reticula and
Golgi complexes of the intestinal mucosa cells.

Fats are combined with apoproteins to form chylomicrons, which
transport the fats through blood and lymph (Figure 2.1.2 ). Chylomicrons
are thus the transport vehicle for dietary cholesterol. Note that fats in
chylomicrons are digested in capillaries (to produce chylomicron
remnants), like the VLDLs described below. Free fatty acids are rarely

found in the bloodstream. Rather, they are complexed to serum albumin.
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Figure 2.1. 1 : Overview of fat digestion, absorption, storage,
and mobilization in the human. (Christopher K. Mathews., 1999).

The liver also plays an important role in fat metabolism. Fats synthesized
in the liver are combined with another set of apoproteins to form very low
density lipoproteins (VLDLs), which are hydrolyzed at peripheral

tissues at the inner surface of capillaries.

Hydrolysis of fats in capillaries by lipoprotein lipase yields intermediate-
density lipoproteins (IDLs) from VLDLs and chylomicron remnants from
chylomicrons (Figure 2.1.2 ). IDLs are taken up by the liver and further
processed to low-density lipoproteins (LDLSs). LDLs are the primary form
by which cholesterol is transported to tissues and high-density
lipoproteins (HDLs) serve to transport cholesterol from tissues back to
the liver.
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Figure 2.1.2 : Overview of lipoprotein transport pathways and
fates (Christopher K. Mathews. ,1999).

High Fat Diet:

The researchers had been using fat-enriched, so-called high-fat (HF)
diets, to generate obese rodent models. The first description of such a
nutritional intervention dates back to the 1940s. Subsequent studies have
revealed that HF diets promote hyperglycemia and whole body insulin
resistance, and numerous researchers have examined their effects on
muscle and liver physiology and on insulin signal transduction. Based on
this experience, it is generally accepted that HF diets can be used to
generate a valid rodent model for the metabolic syndrome with insulin

resistance and compromised Beta-cell function (Oakes ND., 1997).
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An important downside, however, is the definition of the term “high fat
diet” itself. Although more than 650 publications [Medline query using
the term “high fat diet AND (rat OR mouse) AND (diabetes OR insulin
resistance)”, October 2005] have used this approach, neither the exact fat
content nor the exact fat composition of the diets employed is
standardized.

A multitude of different HF diets have been used with relative fat
fractions between 20% and 60% energy as fat, and the basic fat
component varies between animal-derived fats, e.g., lard or beef tallow,
and plant oils, e.g., corn or safflower oil.

Importantly, many researchers have employed well-defined, semi-
purified HF diets, in which the fat component replaces carbohydrate
and/or protein, but others have simply added fat to a standard rodent
chow. This obviously leads to an unbalanced diet composition with
respect to all macro- and micronutrients.

Consequently, various diets with very different fatty acid compositions
are summarized under the term HF diet in the literature. This has

inevitably led to a considerable variability in the results reported.

Different effect of high fat diet:

a) Obesity:

Prolonged feeding with fat-enriched diets induces an increase in body
weight in susceptible rats in the range of 10% to 20% over standard
chow-fed controls. Obesity induction is most effective when the diet is
started at a young age and continues for several weeks .Body weight gain
during the feeding period is gradual .Although an increase in body weight
can be appreciated after as little as 2 weeks, the diet-induced phenotype
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becomes most apparent after several, i.e., more than 4 weeks of HF
feeding. (Buettner.,2007)

Although no consistent fat type effects can be detected when looking at
HF diets based on mammal and plant fats , some authors have described
obesity resistance and less hypertrophy of visceral fat pads when
employing fish oil-based diets . This might be connected with an
increased lipid oxidation in these animals due to the fish oil-induced
activation of peroxisome proliferator-activated receptor _gama (Jump
DB.,2002- Duplus E.,2000).

It is known that a certain fraction of the animals subjected to the HF diet
will not become obese. Recent studies have demonstrated that obesity-
susceptible animals are hyperphagic, possibly due to a central resistance
to the anorexigenic action of insulin (Clegg DJ.,2005) and a decreased
hypothalamic expression of anorexigenic peptides such as -melanocyte
stimulating hormone and cocaine and amphetamine- regulated transcript
(Tian DR.,2004); rats remaining lean on an HF diet eat the same amount
of calories as standard chow-fed controls (Farley C.,2003). These diet-
induced obesity-resistant animals may turn into important models for the

genetic basis of weight gain.

(b)Blood Glucose, Insulin Levels, and Insulin Sensitivity:

HF diet effects on blood glucose levels are described discrepantly.
Normoglycemia, slight hyperglycemia, and the development of type 2
diabetes have been reported with different diet regimes . From the data
published so far, one can conclude that prolonged, i.e., several weeks,
feeding with both animal and plant fat-enriched diets will eventually lead

to moderate hyperglycemia in most rat and mouse strains. With the diet
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types mentioned above, the elevation of fasting glucose levels is usually
accompanied by a moderate to distinct increase in fasting plasma insulin
levels .

As with obesity, fish oil-fed animals generally do not develop such signs
of systemic insulin resistance (Storlien LH., 1987). Matching with these
biochemical parameters, hyperinsulinemic-euglycemic clamp
experiments consistently have demonstrated wholebody insulin resistance
in animal and plant fat-fed rodents, whereas fish oil feeding was coupled
with sustained insulin sensitivity (Storlien LH., 1996 ; Storlien LH.,
2002).

Although it has been stated that saturated fats lead to an enhanced
development of insulin resistance in the HF setting (Rivellese AA.,
2002), it should be remembered that the experimental basis for such an
assumption is not very strong in rodent models. In the most cited study
(Storlien LH., 1991) directly comparing dietary fat types, the diet labeled
saturated contained predominantly unsaturated fatty acids (19% energy
saturated, 12% energy monounsaturated, and 28% energy
polyunsaturated), and other comparative studies have also failed to
confirm a clear association between fat saturation and insulin action .(
Ikemoto S., 1996).

The Roland Buettner group ( Roland Buettner.,2007) were not able to
detect significant correlations between the saturation level of free fatty
acids and insulin action as estimated from whole-body glucose disposal

after an insulin challenge.

Insulin resistance was shown after as little as 2 weeks of a lard-based HF
diet, indicating the rapid dietary induction of this disorder (Youngren JF
2001). The development of overt diabetes in these animals is

controversial. In Roland Buettner group's personal (unpublished)
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experience, some Wistar rats held on a lard-based diet for more than 12
months show fasting glucose levels above 150 mg/dL and postprandial
glucose levels of more than 300 mg/dL; therefore, these animals can be
classified as diabetic. Roland Buettner group’s ( Roland Buettner.,2007)
could not found reliable predictors of such diabetic development, which
makes it difficult to use this approach for diabetes modeling. Other
researchers have described similar results, e.g., with high-olive oil diets in
C57BL/6J mice (Surwit RS., 1988)( Tsunoda N., 1998), whereas
Chalkley ( Chalkley et al.,2002) were not able to induce overt diabetes by

HF feeding of Wistar rats with a safflower oil-based diet.

(c) Lipids:

Comparable with the effect on blood glucose levels, most authors report
fasting hypertriglyceridemia when using HF diets based on animal fats
and plant fats, whereas fish oil-based chow tends to lower plasma
triglycerides. (Buettner ., 2007)

Data on total cholesterol levels under HF diets are inconsistent, and
definite statements about the putative induction of hypercholesterinemia
by a pure HF diet, i.e., without addition of cholesterol, do not seem
possible from the literature at present. The only exception is fish oil-
based diets; there, a hypocholesterolemic effect is clearly established

(Luo J., 1996 ;Kim HJ., 1999).

(d) Adipokines:

Adipokines such as leptin, adiponectin, or resistin are recognized as
systemic factors influencing insulin sensitivity. From the studies

published so far , these parameters mostly mirror human obesity in HF-
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fed rats. Leptin and resistin levels tend to be elevated, and adiponectin
levels are slightly down-regulated in dietary obese rodents. However,
because of the small number of studies giving detailed descriptions of the
diet composition, fat type effects cannot be accurately specified .
(Buettner ., 2007)

2.1.2.1 High Fat Diets and Adipose Tissue:

It is difficult to define an unanimous phenotype of the HF diet adipocyte,
but some changes of adipocyte morphology and metabolism have been
found consistently throughout the literature when using animal- and
plant-derived HF diets.

Adipocyte number and size are increased (Belzung F.,1993, Corbett SW.,
1986), and epinephrine-stimulated lipolysis is reduced (Tepperman HM.,
1995). An enhanced uncoupling protein expression in brown and white
adipose tissue and a decrease in the expression levels of liposynthetic
genes (Matsuda J., 1997 and Takahashi Y., 1999) might provide a partial

defense against the HF-induced lipid storage.

Interestingly, gene expression profiling has recently revealed an up-
regulation of inflammatory genes in adipocytes of diet-induced obese
mice (Moraes RC., 2003), which resembles the proinflammatory state
described in human obesity.

Animal- and plant-derived HF diets also induce changes in insulin action
in adipose tissues. The stimulation of glucose uptake is reduced in brown
and white fat (Lavau M.,1979)( Storlien LH ., 1986).

Decreases in insulin receptor autophosphorylation (Watarai T., 1988)
and an activation of glycogen synthase kinase-3 (Eldar-Finkelman H.,
1999) have been described as molecular basis for these effects, but
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relatively little is known about the exact changes in adipocyte insulin

signaling in this model.

Animals overexpressing diacylglycerol acyltransferase, the rate-limiting
enzyme of triglyceride synthesis, in their adipose tissue become obese
under an HF diet but are resistant to diet-induced insulin resistance,
pointing at the importance of an efficient fat storage in adipose tissue.
(Chen HC., 2002)

Animals lacking hormone-sensitive lipase, the enzyme controlling
lipolysis from adipose tissue, remain lean when fed with an HF diet; they
also show lower glucose and fasting insulin levels. This was explained
by an increase in thermogenesis and energy expenditure and an impaired

differentiation of white adipose tissue (Harada K., 2003).

Taken together, animal- and plant-derived HF diets lead to adipocyte

hypertrophy, hyperplasia, and insulin resistance.

The role of adipocytes as important regulators of whole-body energy and
glucose metabolism has been confirmed by HF diet interventions in
animals with tissue specific transgenic manipulations. Contrasting its
clear beneficial effects in whole-animal lipid metabolism and the skeletal

muscle, the impact of fish oil on adipose tissue function remains unclear

High-fat-diet (HFD)-induced obesity also suppresses adiponectin
expression by increasing cellular levels of catecholamine and PKA-
mediated activation of CREB.. (Meilian LIU., 2010) (Figure 2.1.3).
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Figure 2.1.3:  Effect of high fat diet on adiponectin
level.( Meilian LIU and Feng LI1U.,2010)

2.1.2.2 High Fat Diets and the Liver:

It is well established that the obesity-inducing HF diets based on animal
and plant fats also lead to hepatic steatosis (Yaqoob P., 1995). From
clamp studies, it is clear that this condition is associated in vivo with
hepatic insulin resistance, i.e., an impairment of insulin’s ability to lower
hepatic glucose output (Haque M., 2002), and interventions designed to
improve hepatic fat clearance, e.g., the hepatic overexpression of
uncoupling protein-1, have demonstrated improvements of whole-body
insulin resistance (Ishigaki Y., 2005).

However, insulin signaling studies in HF-fed rats have shown that the
classic disorders observed in muscle and fat are not necessarily replicated
in the liver.

IRS-1 and IRS-2 proteins and their phosphorylation are not altered, and
phosphoinositide- 3-kinase activity associated with IRS-1 and IRS-2 is
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increased (YYaqoob P., 1995;Anai M., 1999 ).

Also, recent studies have demonstrated sustained insulin action in isolated
steatotic livers (Buettner R., 2004) and important regulatory effects of
systemic and central nervous factors on hepatic glucose output (Obici S.,
2002 ;Liu L., 1998), which questions whether insulin resistance is a truly
intrinsic trait of diet induced hepatic steatosis, or may be secondarily
enhanced, at least partially, by systemic factors.

Recent work has drawn attention to the activation of nuclear factor B by
HF diets in the liver, which might contribute both to the development of
non-alcoholic inflammatory hepatic disease and diet-induced disorders of
hepatic glucose metabolism (Cai D., 2005).

Differing potencies of specific diets to activate hepatic nuclear factor B,
therefore, might explain the somewhat controversial results with respect
to hepatic insulin action.

HF diets can induce hepatic steatosis and signs of hepatic insulin
resistance in the whole animal; this closely resembles the human obese
state. The possible dietary activation of hepatic inflammatory pathways
may be part of the link between diet-induced fat deposition and

non-alcoholic steatohepatitis.

2.2. Adipose tissue (AT):

Vertebrates in general and mammals in particular, have adipose tissue
(AT), which allows them to store excess calories as lipids (triacylglyc-
erols— TAG). These are hydrophobic and can be stored in large quantities
without water as a solvent and contain twice as much energy per unit
mass than other nutrients. Adipose tissue has always been known as an
energy reserve and thermal insulator. For a long time, these two

properties were applied to the study of energy metabolism regulation and
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little attention was given to analysis of its other capabilities ( Fonseca-
Alaniz MH et al., 2007).

2.2.1. Adipocyte:

Fat cells or adipocytes are derived from undifferentiated fibroblast-

like mesenchymal cells, although under certain conditions histologists

believe that fibroblasts may give rise to adipose cells(Figure 2.2.1).
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Figure 2.2.1: Origen of fat cells Figure 2.2.2: Fat cells
(http://www.aps.uoguelph.ca/AN http://medicineworld.org/image
SC*2340/LEC18/LEC18.html) s/blogs/7-2007/fat-cells-
14560.jpg

Adipose cells are fully differentiated and don’t undergo cell division.
They function in the synthesis and storage of triglycerides, the only

cells that are specialized and perfectly adapted to store lipids without
this compromising their functional integrity (Figure 2.2.2). They have
the enzymatic machinery necessary to synthesize fatty acids (a process
known as lipogenesis) and to store TAG during periods of abundant
energy supply and to mobilize them via lipolysis when there is a calorie
deficit. (Ahima RS ., 2000).
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The central nervous system takes part in regulation of these two processes
by means of direct or indirect neural activity (for example, initiating
behavior to seek and consume nutrition).  Other regulatory systems
(digestive and endocrine) participate by means of nutrients and hormones

depending on requirements at any given moment. (Ahima RS ., 2000).

The autonomous nervous system acts directly on Adipose tissue through
its subdivisions, the sympathetic and parasympathetic systems. The
sympathetic system promotes catabolic actions (lipolysis), via pB-
adrenergic stimulation, which activates the hormone-sensitive lipase
enzyme (HSL) (Pénicaud L, 2000). The parasympathetic system
organizes anabolic actions by increasing insulin production and

increasing glucose and fatty acid capture (Kreier F., 2002).

In addition to adipocytes, AT contains a matrix of conjunctive tissues
(collagen and reticular fibers), nerve fibers, vascular stroma, lymph
nodes, immune cells (leukocytes, macrophages), fibroblasts and

preadipocytes (undifferentiated adipose cells) (Ahima RS., 2000).

2.2.2. Histology of Adipose tissue:

The adipose tissue is one type of connective tissue proper and
classified into two types according to whether it is composed of
unilocular or mult-ilocular adipocytes. Other differences between the two
types of adipose tissue are color,vascularity, and metabolic activity
(Leslie p . Gartner &James L . Hiatt., 2007).
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(A) White (Unilocular) Adipose Tissue (WAT):

imitochondrion fat drople

nucleous

Figure 2.2.3. White adipose cell Figure 2.2.4: Adipose Tissue
with  a large single fat (White) (ColorAtIas of (_:ytology,
droplet(W.B.Saunders, 1971). Histology,and Microscopi

Anatomy 4™ edition 2003)

Each unilocular fat cell contains a single lipid droplet, giving the adipose
tissue composed of such cells a white color (Figure 2.2.3).

White adipose tissue is heavily supplied with blood vessels, which form
capillary networks throughout the tissue. The vessels gain access via
connective tissue septa that partition the fat into lobules (Figure 2.2.4).
The plasma membranes of the unilocular adipose cells contain receptors
for several substances, including insulin, growth hormone,
norepinephrine, and glucocorticoids, that facilitate the uptake and release
of free fatty acids and glycerol.

Unilocular fat is present in the subcutaneous layers throughout the
body. It also occurs in masses in characteristic sites influenced by sex
and age. In men, fat is stored in the neck, in the shoulders, about the hips,
and in the buttocks. As men age, the abdominal wall becomes an

additional storage area. In women, fat is stored in the breasts, buttocks,
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hips, and lateral aspects of the thighs. Additionally, fat is stored in both
sexes in the abdominal cavity about the omental apron and the

mesenteries (Leslie p Gartner &James L Hiatt., 2007).

(B) Brown (multilocular) Adipose Tissue (BAT):

Figure 2.2.5: Brown adipose cell Figure2.2.6:Adipose Tissue
with many small lipid droplets (Brown). (W. B. Saunders, 1971).

(W. B. Saunders, 1971).

Brown adipose tissue (Brown Fat) is composed of multilocular fat
cells, which store fat in multiple droplets (Figure 2.2.5). This tissue
may appear tan to reddish brown because of its extensive vascularity and
the cytochromes present in its abundant mitochondria (Figure 2.2.6).
Multilocular  adipose tissue has a lobular organization and vascular
supply similar to those of a gland. Brown fat tissue is very vascular
because the vessels are located near the adipocytes.

Unmyelinated nerve fibers enter the tissue, with the axons ending on the
blood vessels as well as on fat cells, whereas in white fat tissue, the
neurons end only on the blood vessels.
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Although it has long been known that multiocular fat is found in many
mammalian species, especially those that hibernate, and in the infants of
most mammals, it was unclear whether multiocular fat exists in adult
human.

However, in the newborn human, brown fat is located in the neck region

and in the interscapular region.

Brown adipose tissue is associated with production of body heat because
of the large number of mitochondria in the multilocular adipocytes
composing this tissue. These cells can oxidize fatty acids at up to 20
times the rate of white fat, increasing body heat production three fold in
cold environments. Sensory receptors in the skin send signals to the
temperature regulating center of the brain, resulting in the relaying of
sympathetic nerve impulses directly to the brown fat cells.

The neurotransmitter norepinephrine activates the enzyme that cleaves
triglycerides into fatty acids and glycerol, initiating heat production by
oxidation of fatty acids in the mitochondria. (Leslie p ., 2007).
Thermogenin is a transmembrane protein located on the inner membrane
of mitochondria , permits back flow of protons instead of utilizing them
for synthesis of Adenosine triphosphate (ATP); as result of uncoupling
oxidation from phosphorylation , the proton flow generates energy that is
dispersed as heat(Leslie p . Gartner &James L . ,Hiatt 2007).

2.2. 3. Adipose tissue functions:

The metabolic role of adipose tissue:

Adipose tissue play role in glucose and lipid metabolism and how these
are regulated. Adipose tissue may also play a significant role in the
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whole-body production of the amino acids, alanine and glutamine (Frayn
KN .,1999) (Figur2.2.7).

-—
FAT CELL CAPILLARY

Cleavage of
triglycerides to
glycerol and fatty
acids by hormone-
sensitive lipase

Glycerol

Triglyceride Fatty acids

stored in droplet

Albumin

Transport
in blood

Free
fatty acids

Breakdown by
lipoprotein lipase
to free fatty acids

within the capillary

Figur2.2.7: The metabolic role of adipose
tissue (Leslie p . Gartner &James L . ,Hiatt
2007).

(a) Lipid metabolism:

For many years adipose tissue was regarded as a metabolically
inert tissue, its sole purpose being the storage of fat for insulation
purposes and provision of a protective cushion explained by Its low rate
of oxygen consumption (Coppack SW.,1990 ;Frayn KN.,1995).
However, over the last two decades it has become clear that not only is
adipose tissue involved in metabolism but that it plays an extremely
important role as a regulator of the flow of energy-providing substances.
Adipose tissue does indeed store triglyceride (TG) but, in the healthy
individual, it is an efficient director of non-esterified fatty acids (NEFA)
either into adipose tissue for storage or into the circulation as an energy

supply for other tissues, such as heart and skeletal muscle.
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Glucose metabolism:

In contrast to its major role in lipid metabolism, adipose tissue appears to
play a very minor role in the whole-body disposal of a glucose load and
contributes little to the total amount of lactate released by peripheral
tissues in vivo (Frayn KN.,1989 ;Marin P.,1987).

The endocrine role of adipose tissue:

Secretory/Endocrine Gland

Brain s e s,
TR e
/ B “—ﬁ_._.-i-f_' 7—__!:’ ‘\\
ANS &7 | aptin
Leptin, Fatty acids
— THhNFw, Cvtokines

Adipsin, PAI-1
Other

W T cell FAusCcle

FPancreas

Gonad wvasculature |

Figure 2.2.8: The endocrine role of adipose tissue (Hollung
K., 2003) .

Over the last 15 years, with the discovery of capacity of white adipose
tissue to secrete hormones, great importance has been

attributed to its endocrinal role (Figure 2.2.8).

These hormones, known as adipokines, have revolutionized the
conception of its biological function, consolidating the idea that it is not
just a supplier and storer of energy, but a dynamic organ and central to
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metabolic regulation given the structural diversity of adipokines and the

variety of functions so far identified, it can be stated that they include

everything from proteins and non-protein factors produced and secreted
by white adipose tissue (Miriam Helena .,2007) .(Table 2.2.1).

Table 2.2.1 - Protein and non-protein factors produced and secreted

by white adipose tissue (Miriam Helena .,2007):

Substance
Leptin
Adiponectin

Resistin

TNF-a

Interleukin-6

Adipsin

ASP

Angiotensinogen

PAI-1

Tissue factor
VEGF

Visfatin

Biological effect

Signals to the CNS about the body’s energy stocks
Increases sensitivity to insulin, is anti-
inflammatory and attenuates the progression of
atherosclerosis

Increases insulin resistance

Lipolytic, increases energy consumption and
reduces sensitivity to insulin

Proinflammatory, lipolytic, reduces sensitivity to
insulin

Activates the alternative complement pathway
Stimulates triacylglycerol synthesis in WAT
Precursor of angiotensin Il, involved in regulating
arterial blood Pressure

Inhibits  plasminogen  activation,  blocking
fibrinolysis

Initiates the coagulation cascade

Stimulates vascular proliferation (angiogenesis) in
WAT

Insulinomimetic predominantly produced by
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Monobutyrin*

TGF-B

IGF-1

HGF

MIF
LLP%

CETP+

Apo-E¥

Prostaglandins®

Estrogens*

Glucocorticoids*

Apelin

visceral fat

Vasodilator and inducer of vascular neoformation.

Regulates a series of processes in WAT, including
proliferation of preadipocytes and differentiation,
development and apoptosis of adipocytes
Stimulates proliferation and differentiation of
adipocytes

Stimulates differentiation and development of
adipocytes

Immunoregulator with paracrine action in WAT
Hydrolysis stimulating enzyme in the TAG of
lipoproteins(chylomicron and VLDL)

Transfers cholesterol esters between lipoproteins
Protein component of lipoproteins, especially
VLDL

Regulators of many cellular processes, active
during inflammation, blood coagulation, ovulation
and secretion of gastric acid

Produced by the action of aromatase, this is the
principal source of estrogen in men and
postmenopausal women

Generated by the action of 11 hydroxysteroid
dehydrogenase, typell, which transforms cortisone
into cortisol in WAT

Its biological actions are not very clear yet, but are

related to control of the body’s energy stores
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* Non-protein substances. T Proteins without hormonal action

2.3. Adiponectin:

2.3.1. Discovery of Adiponectin:

Adiponectin was independently isolated from human plasma as gelatin-
binding protein-28 (Nakano Y. et al., 1996). It was discovered during
gene-expression profiling of human adipose tissue conducted during the
human cDNA project, which analysed visceral and subcutaneous adipose
tissues to elucidate the molecular mechanism of obesity-related diseases
(Maeda, 1996, Maedal997). Unexpectedly, genes expressed in
subcutaneous and visceral adipose tissue, 20% and 30% respectively,
were bioactive secretory proteins, i.e. adipocytokines such as leptin and
TNF-a. More surprisingly, 40% of the genes expressed in adipose tissue
were novel and the most abundant among them, was termed adiponectin,
(Maeda et al .,1996 ; Aritaetal., 1999) .

2.3.2. Adiponectin structure and function:

(A) Adiponectin structure:

Adiponectin is one of the most abundant plasma proteins. Located
on chromosome 3g27, a locus for diabetes susceptibility (Kissebah et al.,
2000 and Takahashi et al.,2000).

Adiponectin is a secretory protein contains 244 amino acids,consist of a
signal peptide, a collagen like domain at its N-terminus and a globular

domain at its C-terminus (Figure2.3.1).
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Figure 2.3.1: Domains and structure of adiponectin
(Yoshihisa OKAMOTO., 2006).

The adiponectin gene product is a 30 kDa protein  .Full-length
adiponectin requires post-translational modifications for activity (e.g.
hydroxylation and glycosylation) and is secreted from adipocytes in three
major size classes trimers that are 90 kDa in size (the basic unit), low
molecular weight hexamers (180 kDa) and high molecular weight
isoforms (12-18mers) that can be more than 400 kDa in size (Figure
2.3.2)( Pajvani UB, et al., 2003; Schraw T., et al.2008).
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Figure2.3.2: Regulation of adiponectin synthesis and function
(Fang and G. Sweeney.,2006)

(B) Adiponectin function:

Adiponectin has antidiabetic properties due to insulin-mimetic and
insulin-sensitizing  actions, while anti-inflammatory and anti-
atherosclerotic effects have also been consistently reported.

Differences in the functions of the various isoforms of adiponectin are:
(a) Both low molecular weight and high molecular weight adiponectin

(1) Induce apoptosis in nondifferentiated THP1 cells (a human

acute monocytic leukemia cell line).

(2) Reduce expression of macrophage scavenger receptor A

messenger RNA.

(3) Activate AMP kinase.

(4) Low molecular weight form reduces lipopolysaccharide-

mediated interleukin-6 release and suppresses nuclear factor xB

(NFxB) activation.
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(5 High molecular weight adiponectin induces interleukin-6
secretion in human monocytes and THP1 cells and does not
suppress  lipopolysaccharide-induced interleukin-6  secretion
(Neumeier M, et al., 2006). These disparate results could reflect

cell-type specificity and other experimental differences.

(b) The C-terminal globular domain of adiponectin:
(1) Affects systemic glucose metabolism.
(2) Exert effect on the microvasculature and heart (Fruebis J, et al.,
2006)( Hopkins TA, et al., 2006).

(c)The globular and full-length oligomers:

(@) In endothelial cells, they exert comparable effects in
suppressing increased ROS production induced by increased
glucose levels (Ouedraogo R, et al., 2006).

(b) fAd (full-length adiponectin) multimers may be cleaved to
liberate a fragment containing the C-terminal globular domain
(gAd), which exhibits potent metabolic effects, particularly in
skeletal muscle (Ceddia, R.B., 2005)( Fruebis, J., 2001).

Circulating adiponectin has been found mainly in HMW, MMW and, to a
lesser extent, LMW, whereas the presence of circulating gAd remains
controversial( Fruebis, J.,2001 - Xu, A.,2005).

The localized cleavage of fAd to produce gAd by tissue specific proteases

or at sites of inflammation will be of great physiological relevance.
(Waki, H., 2005)
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2.3.3. Secretion Of Adiponectin:

Adiponectin is secreted from adipose tissue directly into the blood
stream. Adiponectin is very stable in blood, and the half-life for its

clearance from blood is 32 min (Spranger et al., 2006).

The plasma range of adiponectin in human subjects is determined by

An ELISA (3 =30 pg/ml), accounting for 0.01% of total plasma protein
(Arita Y., 2002), with significantly lower concentration found in obese
subjects than non-obese subjects (Arita et al.,1999). Serum levels of
adiponectin are approximately twofold higher in females than in males,
which probably contribute to sex-related differences in some of its

vascular protective effects. (Arita et al.,1999).

Plasma adiponectin concentration appear to vary somewhat between
species, Wild type mice had plasma adiponectin concentrations ranging
from 10 to 30 pg/ml(Combs et al., 2004), and horses ranged between 1.3
and 2.0 pg/ml (Gordon and McKeever, 2005; Gordon et al., 2007).

2.3.4. Metabolism &Excretion Of Adiponectin:

In the circulation, adiponectin oligomers are extremely stable and
do not undergo exchange from one form to another, even in the face of an
insulin or glucose challenge (Pajvani UBX, Combs TP et al., 2003 ).
Pajvani and Combs et al. (2003), reported that the circulating HMW
adiponectin has a longer half life than LMW adiponectin (9 vs. 4.5 h)
although HMW multimers may be cleared more rapidly than LMW
adiponectin following metabolic challenges (Pajvani UBX, Combs TP et
al., 2003).
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A recombinant form of adiponectin (C39S), that is unable to form
oligomers larger than trimers and is sensitive to proteolytic cleavage
following secretion, appears to be more biologically active than HMW
adiponectin and it is subject to more rapid clearance from the circulation
. Together with the above observations that suggest an important role for
HMW adiponectin in insulin sensitivity, these findings have led to the
proposal that HMW adiponectin may be converted to a biologically active
form in response to metabolic challenge, through reduction and
proteolytic cleavage (Pajvani UB.,2004). Reduction followed by
proteolysis is an emerging mechanism of ligand activation (Hogg PJ.,
2003).

In support of such a model for adiponectin activation, a small amount of
a C-terminal globular domain-containing fragment of adiponectin has
been detected in human serum following immunoprecipitation (Fruebis
J., 2001).

Moreover, leucocyte elastase, which is secreted by monocytes, has
recently been identified as an enzyme capable of cleaving the collagenous
domain of adiponectin to produce such fragments ( Waki H.,2004).
Although little is known about the process of adiponectin clearance,
adiponectin has been detected in urine from type 2 diabetic subjects and
healthy males ( Koshimura J.,2004).

Urinary adiponectin levels, which are around three orders of magnitude
lower than serum levels, were significantly elevated in patients with
macro-albuminuria and correlated with wurinary albumin. These

observations support a model where leakage of circulating adiponectin,
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through the damaged kidneys of these patients, is largely responsible for
the high urinary adiponectin, although additional physiological and and

pathophysiological factors may also be involved ( Koshimura J.,2004).

2.3.5. Adiponectin receptor:
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Figure2.3.3: Structure of adiponectin receptors (Takashi Kadowaki
., 2006).

A few years ago, Yamauchi et al.(2003) cloned two different isoforms of
adiponectin receptor, AdipoR1 and AdipoR2. Both isoforms are
expressed in many cell types, including adipocytes (Figure 2.3.3)
(Karbowska J., 2005) (Fasshauer M., 2004) ( Yamauchi T., 2003) .

Adiponectin binds to the C-terminal extracellular domain of AdipoR1
whereas the N-terminal cytoplasmic domain interacts with an adaptor
protein APPL (adaptor protein containing pleckstrin homology domain,
phosphotyrosine binding domain and a leucine zipper motif).

Since adiponectin receptors are expressed in fat cells, adiponectin may
play an important role in the regulation of adipose tissue metabolism via

autocrine and/or paracrine manner. (Yamauchi T 2003)
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In human tissues AdipoR1 is expressed mainly in skeletal muscle,
whereas AdipoR2 is predominantly expressed in the liver. (Yamauchi T
2003)

Moreover, it has been demonstrated that two types of adiponectin
receptor have different binding affinity for globular and full-length
adiponectin. AdipoR1 is a high-affinity receptor for globular adiponectin
but a very low-affinity receptor for full-length adiponectin, whereas
AdipoR2 is an intermediate affinity receptor for globular and full-length
adiponectin (Yamauchi T., 2003).

AdipoR1 and R2 belong to a new family of membrane receptors
predicted to contain seven transmembrane domains but structurally and
topologically distinct from G-protein coupled receptors (Yamauchi T.
,2003). In 2004, Lodish’s group proposed that T-cadherin was also a

receptor for high molecular-weight forms of adiponectin (Hug C., 2004).

However, the two receptors act through different pathways:

(a) AdipoR1 reduced HGP production by activating the AMPK pathway
and by decreasing the expression of enzymes involved in
gluconeogenesis (glucose-6-phosphatase, phosphoenolpyruvate
carboxykinasel) and in liver steatosis (SREBP-1).

(b) AdipoR2 had no effect either on HGP or on the expression of the
gluconeogenic enzymes and steatotic factors but increased the expression
of glucokinase, an enzyme involved in increased hepatic glucose delivery
(Figure 2.3.4).

In addition, increased expression of AdipoR2 but not of AdipoR1 resulted
in increased expression of PPARa and its target genes such as acyl-CoA
oxidase and UCP2 leading to increased fatty-acid oxidation and to

decreased hepatic triglyceride content.
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Insulin resistance in different mouse models results from increased
production of TNFa or of chemokines such as MCP-1 leading to an
increased oxidative stress.

Liver over-expression of AdipoR2, but not AdipoR1, decreased the
expression of TNFo and MCP-1 and reduced oxidative stress.

Therefore, AdipoR1 and R2 have different roles in glucose metabolism as

demonstrated in study by Yamauchi (2003).

Moreover, under high-fat conditions, they could display quite opposing
roles, AdipoR1 being favorable for metabolism and AdipoR2 being

mostly harmful.

GPCR signaling J Cadherin repeat
Ca t-

-
cAMP 1

14 Y camp 4 —

glucose uptake Decreased gluconeogenesis :dl fatty acid oxidation
(Muscle) Liver) (Liver and muscle)

Figure 2.3.4: Signal transduction by adiponectin
receptors. (Takashi Kadowaki .,2006)

2.3.6. Mechanism of Action of Adiponectin:

A. Insulin-sensitizing actions:(Figure 2.3.5)
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1. Adiponectin reduces tissue TG content and up-regulates insulin

signaling.

Adiponectin Adiponectin
. Modified figure of
Adiponectin receptor (WangY, 2009)
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Figure 2.3.5 Insulin sensitization action of adiponectin (Modified
figure of Wang Y, et al., 2009).

Interestingly, in skeletal muscle, adiponectin increases the expression of
molecules involved in fatty-acid transport such as CD36, in combustion
of fatty-acid such as acylcoenzyme A oxidase, and in energy dissipation
such as uncoupling protein2. These changes lead to decreased tissue TG

content in skeletal muscle (YYamauchi T.,2001).

Increased tissue TG content has been reported to interfere with insulin-
stimulated phosphatidylinositol (PI) 3-kinase activation and subsequent
glucose transporter 4 translocation and glucose uptake, leading to insulin
resistance. Thus, decreased tissue TG content in muscle may contribute

to improved insulin signal transduction (Yamauchi T,2001).
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2. Adiponectin activates PPAR-a:

In 2001, Yamauchi hypothesized that

adiponectin could activate PPAR-

a, he suggested that adiponectin increased fatty-acid combustion

and energy consumption, presumably

part which led to decreased TG conte

and thus coordinately lead to increased in vivo insulin sensitivity (Figure

via PPAR-a activation at least in
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Figure2.3.6: Adiponectin

.,Kadowaki 2005).

can activate AMPK and

PPAR-a in the liver and skeletal muscle ( Takashi

3. Adiponectin activates AMP kinase:

Yamauchi T (2002), hypothesized that adiponectin may stimulate p-
oxidation and glucose uptake via AMP-activated protein kinase (AMPK).
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Globular adiponectin and full-length adiponectin stimulate phosphor-
rylation and activation of AMPK in skeletal muscle (Figure 2.3.7),

whereas only full-length adiponectin does so in the liver.
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Figure 2.3.7: Regulatory role of AMPK in fatty acid
oxidation in skeletal muscle
(http://Imwww.nips.ac.jp/eng/contents/publication/guide/htmI1/2008/r
es/developmental.html, 2008)

In parallel with its activation of AMPK, adiponectin stimulates
phosphor- rylation of acetyl coenzyme-A-carboxylase (ACC), fatty-acid
combustion, glucose uptake, and lactate production in myocytes, and
causes reduction in molecules involved in gluconeogenesis in the liver,
which can account for the acute glucose-lowering effects of adiponectin
in vivo(Yamauchi T., 2002).

More recently, AMPK was reported to be involved in glucose uptake
stimulated by the globular domain of adiponectin in primary rat

adipocytes (Wu X.,2003).
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B. Antiatherosclerotic actions:
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Figure 2.3.8: Anti-atherogenic action
of of adiponectin (Andrzej Wie_cek
etal.. 2007)

Adiponectin has been reported to have direct antiatherosclerotic effects
(Matsuzawa Y., 2003) (Kumada M., 2004). Adiponectin was
demonstrated to strongly inhibit the expression of adhesion molecules,
including intracellular adhesion molecule-1(ICAM-1), vascular cellular
adhesion molecule-1 (VCAM-1), and E-selectin (Figure 2.3.8).
Adiponectin was also shown to inhibit TNF-a induced nuclear factor-kB
activation through the inhibition of IkB phosphorylation (Ouchi N.,
2000). Suppression of nuclear factor-kB by adiponectin might be a major
molecular mechanism for the inhibition of monocyte adhesion to
endothelial cells (Ouchi N.,1999).
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Adiponectin also inhibits the expression of the scavenger receptor class
A-1 of macrophages, resulting in markedly decreased uptake of oxidized
low-density lipoprotein by macrophages and inhibition of foam cell
formation (Ouchi N., 2001).

2.3.7. Adiponectin modulates carbohydrate and lipid metabolism in

the liver:

The liver, where adiponectin receptor AdipoR2 is expressed, is one
of the adiponectin target organs (Yamauchi T., 2003). Several studies
have shown that adiponectin modulates hepatic carbohydrate and lipid

metabolism (Figure 2.3.9).

Long-term treatment with adiponectin improved insulin sensitivity and
reduced triglyceride content in the liver (Yamauchi T., 2001).
Adiponectin suppresses hepatic glucose production by down-regulation
of phosphoenolpyruvate carboxykinase (PEPCK) and glucose-6-
phosphatase (G6Pase) gene expression, thus decreasing plasma glucose
levels ( Yamauchi T., 2002;Berg AH., 2001;Combs TP., 2001).

An inhibitory effect of adiponectin on gluconeogenesis is probably
mediated by AMPK phosphorylation. In the liver, AMPK activation is
necessary for adiponectin-dependent inhibition of PEPCK and G6Pase
gene expression and glucose production (Yamauchi T., 2002).
Adiponectin has no effect on glycogen content and synthesis, glucose
uptake or glycolysis in the liver (Berg AH., 2001;Combs TP., 2001).
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Figure 2.3.9: Effects of adiponectin on carbohydrate
and lipid metabolism in the liver.(J. Karbowska, Z.
Kochan, 2005).

2.4. The Metabolic syndrome (MS):

The metabolic syndrome, also called insulin resistance syndrome, has
been described in many ways, in part owing to the lack of a “gold
standard” diagnostic test.

The Adult Treatment Panel 111 (ATP 111) ( Bethesda., 2002) defines adult
MS as 3 or more of the following abnormalities: hypertriglyceridemia,
low HDL, high fasting glucose, excessive waist circumference, and
hypertension, on the basis of associations with adverse cardiovascular

outcomes derived from large research trials.( Bethesda. , 2002).

Adults with MS are at greater risk for cardiovascular disease (Isomaa B.,
2001) and diabetes mellitus ( Haffner SM., 1992) .
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Ford et al,( Ford ES., 2002) using the Third National Health and
Nutritional Survey (NHANES I11), estimated the syndrome affected 25%
of US adults.

The MS has not been well characterized in children and adolescents in
terms of criteria, prevalence, or clinical implications, although studies
have examined MS abnormalities ( Ronnemaa T., 1991;Cook S., 2003).

2.4.1 Risk Factors:

The risk factors for MS included Age and menopause [Niaura R.,2000;
Mesch VR., 2006], Race [ Mugo M., 2004 ; Procopiou M., 2005 ],
Disturbances in sex hormones ( e.g., polycystic ovary syndrome (POS)[
Hopkinson ZE., 1998 ], hyperandrogenism in pre- and postmenopausal
women [Korhonen S., 2003 ; Golden SH., 2004 ]), energy excess
(higher carbohydrate [Kang H., 2006 ], high fat, low food fiber [Williams
DE., 2000;Giugliano D., 2006], high meat intake [Baxter AJ., 2006 1]),
Family history (diabetes, hypertension, obesity [Chan JC., 1996 ; Hunt
KJ., 2000 ]), Overweight [Chan JC., 1996 ], Life styles (tobacco use
[Tahtinen TM., 1998 ], alcohol consumption [Kiechl S., 1996 ;Yamada
Y., 2003], physical inactivity [Eriksson J., 1997 ; Carroll S., 2000
1),Snoring and obstructive sleep apnea syndrome [Leineweber C, 2003 ,
Sasanabe R., 2006 ], Pychosocial and personality factors (lower social
class [Pickering T.,1999 ;Brunner EJ., 1997 ],Difficulty in coping with
stress [Pickering T., 1999 ; Vitaliano PP, 2002 ], Higher hostility level [
Niaura R., 2000 ]).

Different risk factors may affect susceptibility to MS through both
common and unique pathways. For example, higher hostility level or
difficulty coping with stress may increase susceptibility to MS by over
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activating sympathetic nervous system; High-fat diet may cause
overweight/obesity and exacerbate beta-cell dysfunction; POS shares

clinical similarities with the MS such as insulin resistance and visceral

adiposity.
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Fig. 2.4.1. A comprehensive framework for the etiology of the
metabolic syndrome. (Amy Z. Fan., 2007)

2.4.2 Adipose tissue and metabolic syndrome

White adipose tissue, the body’s major energy store, Adipose tissue is
composed of TAGs (triacylglycerols), produced mainly by

a) FAs (fatty acids) derived from chylomicrons and circulating
VLDLs [very-LDL (low density lipoproteins)], released through the
action of LPL (lipoprotein lipase), an insulin-stimulated enzyme.

b) glucose provides the glycerol backbone for TAG.

In humans, FAs can also be synthesized from glucose, although the rate
of synthesis is lower than in rodents.

Adipose tissue is also able to release NEFASs [non-esterified FAs (‘free

FAs’)];during lipolysis, TAGs are hydrolysed in a reaction catalysed by
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HSL  (hormone-sensitive lipase), which is, in turn, regulated by
numerous factors and hormones. Catecholamines, by binding to f-
adrenergic receptors, stimulate lipolysis, whereas insulin inhibits this
process (Gil-Hern"andez, A. 2002).

TAG accumulation is enhanced by the preferential channeling  of

nutrients into adipose tissue, rather than into muscle or other tissues for
fairly immediate oxidation.
Overall, it would seem reasonable to assume that alterations which limit
lipolysis and oxidation of FAs, and those which stimulate lipogenesis (the
two processes are often linked), are the cause of, or at least are related to,
obesity (Astrup, A.,1994; Sampath, H.2006 ).

Obesity is associated with the MS (metabolic syndrome) ( Reaven, G.
M., 1995) .IR (insulin resistance) would appear to be the major common
finding in subjects with obesity, glucose intolerance or Type 2 diabetes,
hypertension or dyslipidaemia, and it has been claimed to be the initial
factor triggering a metabolic cascade which is also influenced by genetic
and environmental factors [ Reaven, G. M., 2005; Haslam, D.W., 2005;
Goldstein, B. J., 2002 ].

The MS can best be explained by viewing abdominal adipose tissue as an
endocrine organ that releases excess NEFAs and adipokines into the

circulation.

(1). The portal theory:

Release of NEFASs by adipocytes is greater in central obesity than in
lower-body obesity,with no concomitant increase in oxidation by
peripheral tissues (Jensen, M. D.,1997; Sprangers, F., 2001).
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First, increased blood NEFAs inhibit the uptake of glucose by muscle
(Belfort, R., 2005 ). [Although the pancreas manufactures extra insulin,
there is not enough to counter the hyperglycaemia, thus explaining the
paradox of fasting hyperglycaemia despite increased plasma insulin
levels, which is known as IR(Zammit, V. A., 2001 )].

Hyperglycaemia and increased circulating NEFAs provide the correct
substrates for increased manufacture of TAGs by the liver (Gil-Campos,
M., 2004 ).

The ‘portal theory’ posits one of the major mechanisms behind the
dyslipidaemia , which is the increased flux of NEFAs from adipose tissue
to the liver via the portal vein when visceral TAG stores are increased,
which is related to IR and the lack of inhibition of HSL (Bergman, R. N
,2000).

Based on visceral obesity with insulin resistant, one of component of
the MS , the failure of insulin to suppress HSL stimulates the release of
NEFAs from lipolytically active visceral fat. This increased flux of
NEFAs, channelled to the liver via the portal circulation, stimulates
hepatic TAG synthesis, apoB100 formation and, ultimately, the assembly
and secretion of VLDL(Marsh, J. B., 2003).

NEFAs promote increased TAG synthesis in the liver, which can
Lead to the secretion of VLDL(Figure 2.4.2).

In peripheral tissues, VLDL particles are exposed to LPL, which
hydrolyses the TAG of VLDL particles, generating NEFAs. Under
normal conditions, these NEFAs are taken up by muscle and adipose
tissue for energy use or storage. The resulting remnant particles are

hydrolysed further by HL (hepatic lipase) to form LDL.
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Figure 2.4.2: Increased synthesis of VLDL associated with
IR (Concepci‘on M. AGUILERA., 2008).

In contrast, in individuals afflicted by the MS, the failure of insulin to
activate LPL favours the accumulation of TAG-rich lipoproteins in the
circulation [Sprangers, F., 2001 , Chen, X., 1999 ], which in turn
enhances the exchange of TAG from TAG rich lipoproteins to LDL and
HDL, with a reciprocal transfer of cholesteryl esters to TAG-rich
lipoproteins.

TAG-enriched cholesteryl ester-depleted LDL are better substrates for
HL-mediated TAG lipolysis, which in turn leads to the formation of
small-dense LDL (Figure 2.4.3). Mechanistically, small-dense LDL
particles enter the arterial wall more easily, bind to arterial wall
proteoglycans more avidly and are highly susceptible to oxidative
modification, leading to macrophage uptake, all of which may contribute
to increased atherogenesis (Grundy, S. M., 2005 ).

Elevated LC-CoA(long-chain acyl-CoA) tissue levels are involved in the
increase in plasma TAG concentrations associated with IR. In the liver,
LC-CoA stimulates the synthesis of TAG-rich lipoproteins, whereas in
peripheral tissue they reduce plasma lipoprotein clearance via inhibition
of LPL ( Syvanne, M., 1997 ).
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A low HDL-C level is even more common in patients with IR than
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Figure 2.4.3: Mechanisms of NEFAs involved in dyslipidaemia associated
with the MS (Amy Z. Fan.,2007)

The ‘portal theory’ proposes a link between visceral adipose tissue to IR
and theMS and is based on the direct effects of NEFAs on the liver. Intra-
abdominal tissue adipocytes are much more insulin-resistant than their
subcutaneous counterparts, suggesting, as we commented before, that
NEFA delivery to the liver via the portal vein is increased when visceral
TAG stores are increased (Marsh, J. B. ,2003).

Elevated NEFA levels increase hepatic gluconeogenesis and lower
peripheral tissue glucose uptake, prompting a further increase in the
hyperinsulinaemia typically found in the MS (Wajchenberg, B. L., 2000
; Bergman, R. N., 2007 ) (Figure 2.4.4). Moreover, it was found in the
early 1960s that NEFAs restrain glucose use in muscle, as increased
production of acetyl-CoA in muscle tissue mitochondria inhibits pyruvate
dehydrogenase, a glucose-oxidation-limiting enzyme (Goldstein, B. J.,
2002 ). Also, it has been shown that elevated intracellular LC-CoA

53



levels are associated with IR, and that these compounds are the equivalent
of NEFAs at the intracellular level (Ruderman, N. B., 2003 ; Ruderman,
N. B., 1997 ). Accumulation of free radicals derived from mitochondrial
oxidation of LC-CoA gives rise to endothelial dysfunction and the
gradual decline in insulin production by p-cells (Nolan, C. J., 2006 ;
Hosokawa, H., 1997 ). Functional defects in pancreatic s-cells have
been identified even prior to diabetes diagnosis, especially in individuals

with central obesity and the MS.
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Figure 2.4.4: Influence of NEFAs on the development of some typical
features of the MS (Amy Z. Fan., 2007)

(2). The Endocrine Hypothesis:

Ravussin and Smith (Ravussin, E. and Smith, S. R., 2002 ) have put
forward an alternative to the classical paradigm or ‘portal hypothesis’ to
explain the features of the MS. The ‘endocrine’ paradigm, developed in
parallel with the ectopic fat storage syndrome hypothesis, posits that

adipose tissue secretes a wide variety of endocrine hormones and
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adipocytokines that regulate energy metabolism and, especially, lipid
metabolism. From this viewpoint, adipose tissue plays a critical role as an
endocrine gland, affecting the functions of distant organs including the
CNS (central nervous system), skeletal muscle and liver. Hormone
changes may thus precede any change in metabolites such as NEFAs or
plasma glucose.

Adiponectin displays clear antisteatotic activity in non-adipose tissues,
together with major insulin-sensitizing, anti-atherogenic and anti-
inflammatory properties (Gil-Campos, M.,2004 ;Stefan, N. 2002 ).
Plasma concentrations are inversely correlated with the amount of body
fat in obesity, Type 2 diabetes and, in general, in all states characterized
by IR, including coronary heart disease (Arita, Y.,1999 ). Plasma
adiponectin levels correlate negatively with BMI (body mass index),
insulin and TAG levels, and positively with HDL-C, in obese adults
(Diez, J. J.,2003 ). Adiponectin also enhances whole-body insulin
sensitivity by increasing FA oxidation, prompting a decline in circulating
FA levels as well as in muscle and liver TAGs ( Stefan, N.,2002 )
(Figure 2.4.6).
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Figure 2.4.5 Regulation of adiponectin-mediated cellular FA
oxidation (Amy Z. Fan., 2007)
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Adiponectin stimulates insulin receptor tyrosine kinase activity by
activating oxidative phosphorylation mediated by UCPs (uncoupling
proteins). Adiponectinknockout mice fed on a carbohydrate-rich diet
develop IR and display impaired PI3K activity (Yamauchi, T.,2002).
adiponectin also activates AMPK, stimulating glucose utilization and FA
oxidation [(Gil-Campos, M., 2004 ; Maeda, N., 2002 ; Fruebis, J.,
2001 ), but see (Erratum ., 2004 )] (Figure 2.4.5). Administration of
full-length or globular adiponectin in mice increases AMPK-dependent
phosphorylation in skeletal muscle; in the liver, this activation is achieved
only with the full-length form (Lam, T. K., 2005 ). As indicated above,
AMPK activation prompts an increase in acyl-CoA oxidation. The
expression of adipoR1 is associated with increased phosphorylation of
AMPK,ACC and p38MAPK(mitogen-activated protein kinase), whereas,
in liver cells, there is an increase in phosphorylation of AMPK and ACC.
Adiponectin also increases the activity of PPAR-a, a transcription factor
expressed in the liver, which plays an essential role in regulating FA
oxidation[(Gil-Campos, M., 2004 ;Yamauchi, T., 2003 ), but see
(Erratum .,2004)].
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Figure 2.4.6 Influence of obesity on adiponectin secretion, decreased
clearance of NEFAs and IR (Amy Z. Fan., 2007)
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2.5. Asparatate aminotransferase (AST) Alanine aminotransferase
(ALT) and alkaline phosphatase (ALP):

ALT and AST enzymes catalyze the transfer of amino groups
between pyruvate and oxaloacetate, respectively. They are released when
hepatocytes are injured (either acutely or chronically), and can be readily
assayed in serum. While ALT is found predominantly in the cytosol of

hepatocytes, AST is abundant both in the cytosol and mitochondria.

AST is found in cardiac muscle, skeletal muscle, kidneys, brain, and
blood, and for this reason high levels of ALT is considered to be more
specific to the liver. Diurnal fluctuations can be seen in both AST and
ALT, and significant increases may be seen following vigorous exercise.
Muscle injury from primary myositis or rhabdomyolysis can lead to
significantly elevated ALT levels as well as AST levels.

It has been shown that acute muscle injury secondary to extreme exercise
can demonstrate an AST to ALT ratio of 5:1, as opposed to a chronic
process such as polymyositis where the ratio is closer to equal, reflecting
the shorter half-life of AST (Nathwani RA., 2005). In addition these are

often elevated in acute biliary obstruction.

Alkaline Phosphatase:

Alkaline phosphatases are metallophosphatases that are found in many
tissues. They are predominantly present in the canalicular microvilli, as
well as in bone and the small intestine. Alkaline phosphatase elevation
occurs in conditions of extrahepatic biliary obstruction, infiltrative

diseases of the liver, or due to certain medications. An elevated alkaline
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phosphatase level can be a normal finding in the third trimester of

pregnancy as well as in an adolescent growth spurt.(Laurel H.2005)

2.6. Oxidative stress:

Aerobic Organisms such as vertebrates and man in particular
produce their energy from the oxidation of organic substrates by

molecular oxygen.

The complete four-electron reduction of molecular oxygen leading
to the formation of water occurs in the mitochondrial respiratory chain.
Occasionally, molecular oxygen is partly reduced instead of proteins of
respiratory chain; hence, superoxides and various reactive oxidant

intermediates are produced leading to secondary oxidation (Liu, 1997).

Besides these physiological oxidations and their unavoidable
secondary reactions, many substances contained in food and environment
are oxidants either by themselves or by oxidant precursors (Ichihashi et
al., 2003).

Finally, although organism adapt to any unstable situation by
preventing undesirable reactions and repairing damaged molecules and
tissues, the very few undesirable reactions that escape the prevention and
repair systems accumulate little by little, and will invariably be
deleterious after a long period of time (Tahara et al.,, 2001), thus
confirming the free radical theory of ageing developed by Harman(
2001).

If the organism fails to neutralize them, these oxidants accumulate
and react with a variety of biomolecules, creating an undesirable situation

known as oxidative stress. Therefore, oxidative stress corresponds to an
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Imbalance between the rate of oxidant production and that of their
degradation (Sies, 1991).

Two classes of molecules mediate most of the reactions leading to
oxidative stress: free radicals and reactive oxygen species (ROS) (Figure
2.6.1). Free radicals are molecules possessing at least one unpaired
electron; for this reason, they are unstable and promote electron transfer,
I.e., oxidations and reduction reactions . ROS including lipid radicals are
formed by hydrogen abstraction, a process elicited by UV irradiation or
the hydroxyl radical (*OH) (Tyrrell, 1995). These unstable intermediates

derive from molecular oxygen (+O,* or °0,).

In the case of molecular oxygen, the triplet (biradical) state can be
produced by several biochemical oxidations involving peroxidases and
lipoxygenases, by reactions between various ROS or in the presence of
light, oxygen and a photosensitizer such as porphyrins, as it is the case in

congenital erythropoietic porphyria (Mathews., 2000).

Light + photosensitizer

302 —> 102

Oz.__l_ M(n+1)+_)102 +Mn+
H,0, + ONOO —'0, + NO,™ + H,0O
H,0, + CIO-—'0, + CI- + HO

Other ROS derive from the secondary reduction of %0, in the inner

membrane of mitochondria (mainly from ubiquinol oxidation), where
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oxygen receives one electron in the place of a metalloprotein of the

respiratory chain (Liu., 1997).

The superoxide radical anion thus formed (¢O,~) can then dismutate into
oxygen (°0,) and hydrogen peroxide (H.O.), either spontaneously at
acidic pH or in a reaction catalyzed by superoxide dismutase (SOD)
(Halliwell and Gutteridge., 1999).

(SOD)

Superoxide and hydrogen peroxide can react with transition metals such
as iron or copper to form the strong oxidant hydroxyl radical
(*OH)(Buettner and Jurkiewicz, 1996):

Fe?* + H,0,—Fe** + OH™ + OHe
(Fenton reaction)
Fe 3*/Cu?*

Oz°_ + HzOz ________ —>Oz + OH™ + OH-
(Metal ion-catalysed Haber—\Weil3 reaction)

Superoxide and hydrogen peroxide can be formed enzymatically by
NADPH oxidase in activated neutrophils or macrophages during

inflammatory processes (Babior et al., 2002).

NADPH + 20,—-NADP* + H* + 205~
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Generally speaking, all endogenous oxidase — enzymes that transfer two
electrons from a substrate (AH,) to molecular oxygen — produce

superoxide and hydrogen peroxide (Halliwell and Guttering., 1999)

Oxidase
AH, + 20, — —A F2H* + 20,°"

Myeloperoxidase, an enzyme present in neutrophils, but not in
macrophages, can produce hypochlorous acid (HOCI) by oxidizing
chloride ions with hydrogen peroxide (Halliwell and Guttering, 1999;
Winterbourn et al., 2000):

Myeloperoxidase

H202+ CI_ —’HOCl + OH_

Hypochlorous acid (or its conjugated base hypochlorite, depending on the
pH), is a powerful oxidant towards various biomolecules, especially
amino groups; furthermore, in acidic pH it readily decomposes to liberate
the highly toxic chlorine gas, Cl, (Halliwell and Guttering, 1999;
Klebanoff, 1999).

HOCI + H* + CI~— H,0 + Cl,

As mentioned above, hydrogen peroxide can react with hypochlorite to
form singlet oxygen. Under physiological conditions, 1-2% of the
consumed oxygen is converted to ROS. Nitric oxide (*NO), an
intercellular messenger produced from oxygen by various nitric oxide

synthases (Dawson and Dawson, 1996; Halliwell and Guttering, 1999):
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Nitric oxide synthase
O, + arginine + NADPH ————— —+NO + citrulline + H,O + NADP*

This free radical, by reacting with superoxide —another radical- produces
the strong oxidant peroxynitrite (ONOQO") (Pryor et al., 1995).

O,¢™ + «NO — ONOO"~

The main biological targets of free radicals and ROS are proteins, lipids
and DNA. Protein oxidation leads to loss of function or premature
degradation in proteasomes. Lipid peroxidation, occurring mostly in the
plasma membrane or the stratum corneum — the most superficial layer of
the epidermis — alters the physical properties of cell membranes or the
epidermis, and thereby their biological function. Oxidation of DNA can
lead to gene mutation, and thus abnormal protein synthesis, alteration in

gene expression, apoptosis and cell death (Kohen and Nyska, 2002).
2.6.1. Endogenous defenses against oxidative stress:

Strict anaerobic organisms cannot live in the presence of oxygen,
because they have insufficient defenses against the multiple secondary
reactions induced by oxygen. All other organisms which can or must live
in the presence of oxygen possess an efficient battery of antioxidant
defenses able to trap reactive intermediates before they have time to
oxidize biomolecules or reduce those which have been oxidized (Figure
2.6.1)(Blokhina et al., 2003).

Due to the great variety of reactive intermediates that must be neutralized,
as well as the variety of oxidized biomolecules that must be reduced,

there are many different antioxidants; moreover, there is a need for
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antioxidants for both hydrophilic (cytosol, extracellular fluids) and

lipophilic (membranes, lipids) phases (Wood et al., 2003).

The most efficient antioxidants are enzymes that catalyze the reduction of
ROS:

1-  Superoxide dismutase (SOD):

Catalyses the dismutation of superoxide (*O,”) into hydrogen

peroxide (H,O,) and oxygen (30,).
2-  Catalase:

Catalyses hydrogen peroxide (H,O,) dismutation into water (H,0)
and oxygen (°0,).

3-  Glutathione peroxidases (GPX) and reductase (GSR):

Reduce both hydrogen peroxide (H.O,) and organic (R-OOH)
hydroperoxides. The oxidized glutathione cofactor (GS-SG) is
then reduced (2 GSH) by glutathione reductase (GSR). Various
GPX isoforms exist, which are specific for hydrophilic or

lipophilic phases.
4- Metallothioneins:

Are small proteins with several cysteine residues which bind
transition metal ions: these can both detoxify metals and avoid
them catalyzing the Haber—Weil} and Fenton reactions that lead to
the production of the hydroxyl radical (*OH).

5-  Tripeptide glutathione and the selenoprotein thioredoxin:

Are efficient in reducing disulphur bridges (R-S-S-R) into thiols
(R-SH + R-SH), as well as reducing thiyl radicals (R—Se); the
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whole system involving thioredoxin, thioredoxin peroxidase and
thioredoxin reductase is known as peroxiredoxin. Besides being an
antioxidant by itself, glutathione is also the cofactor for GPX and

GSR.

In addition other defense systems exist including :Ubiquinol
(coenzyme Q, QH2) ,Lipoic acid, L-Ascorbic acid (vitamin C)

,Carotenoids , Tocopherols (vitamin E) . Selenium.

onine
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Figure 2.6.1: Overview of free radical and ROS formation and elimination (Sorg. , 2004).
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2.6.2. Oxidative Stress and adiponectin:

There are abundant data from studies in mice to indicate that oxidative
stress also regulates adiponectin secretion. Oxidative stress is defined as a
persistent imbalance between the production of highly reactive molecular
species (chiefly oxygen and nitrogen) and the capacity of antioxidant
defense systems to inactivate or remove them. (Rosen P.,2001)

Oxidative stress is elevated in human obesity and insulin resistance.
(Keaney JF.,2003). Results obtained from experiments in mice suggest
that lipid accumulation in adipocytes, and a concomitant rise in ROS
production, may be a key trigger for the development of insulin resistance
via reduced adiponectin secretion ( Furukawa S.,2004).

Exposure of cultured primary rat adipocytes to hyperglycemic conditions
(15mM glucose, 100nM insulin) increases intracellular nutrient
availability and ROS production, leading to a reduction in insulin
sensitivity (Lu B., 2001). Similarly, exposure of 3T3-L1 adipocytes to
hydrogen peroxide, a powerful oxidizing agent, reduces adiponectin
MRNA expression within 10 minutes (Kamigaki M., 2006). The
mechanism(s) linking ROS production to adiponectin secretion are
currently under investigation, and studies in 3T3-L1 adipocytes have
suggested roles for uncoupling protein-2 (UCP2), a protein which
increases mitochondrial respiration, as well as the transcription factor
CHOP-10, which interferes with the C/EBP-binding region in the
promoter of the adiponectin gene (Chevillotte E.,2007).
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2.6.3. Oxidative stress and high fat diet:

High-fat feeding-induced obesity led to lipid accumulation in visceral
adipose tissue, as fat content data indicate, which could be associated
with enhanced glycerol-3- phosphate dehydrogenase( G3PDH ) and
leptin gene expression, thus confirming previous data (Lopez IP., 2004).
Fatty acid synthase (FAS) adipose tissue gene expression is not
significantly influenced by the diet. However, it does not mean that
changes in FAS activity could not affect fatty acid synthesis from
glucose.

Triglyceride accumulation in adipocytes seems to be a major source of
oxidative stress in WAT and further adipocytokine dysregulation driving
to metabolic syndrome (Trayhurn P, 2004).

In recent years, obesity has been associated with an inflammatory status
(Hotamisligil GS., 1993 , Moreno-Aliaga MJ., 2005 ). On the contrary,
insulin has shown to be anti-inflammatory and to suppress ROS
generation and NADPH oxidase (Dandona P., 2001).

Therefore, in this way,the high fat diet model coursing with obesity and
insulin resistance could be characterized by oxidative and inflammatory
stress .

Inflammatory status related to obesity may be also originated by
oxidative stress, which induces cell injury and could be able to
dysregulate adipocytokine production and insulin sensitivity (Furukawa
S., 2004; Soares AF., 2005).

Furthermore, oxidative stress in obesity may be generated by hypoxia in
adipocytes  ( Trayhurn P., 2004 ) or by exacerbated nutrient oxidation,
as it has been reported after glucose uptake (Talior 1., 2003 ).
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In any case, oxidative stress has been correlated with BMI in obese
subjects (Uzun H., 2004). Furthermore, it has been reported that obesity
per se may induce systemic oxidative stress.

However, contradictory results regarding intracellular redox state in
adipocytes as compared with other tissues have been recently found
(Furukawa S, 2004 and Galinier A, 2006).

Moreover, conflicting results have been observed regarding liver
peroxidation. In a recent report (Carmiel-Haggai M, 2005 ), an increase in
liver MDA in a genetic model of obesity fed a high-fat diet was reported
when compared with fa/fa rats fed the control diet.

However, in other animal models of obesity (Furukawa S., 2004), lipid
peroxidation is not altered in liver. Thus, the role of obesity induced
oxidative stress in the liver, a chief organ regulating body metabolism,
remains to be clarified.

This trial evidenced a correlation between liver MDA, a good estimate of
lipid peroxidation, and different variables accompanying the common
features of the cafeteria obesity model in rats (increased body weight,
hyperleptinemia, and hyperinsulinemia). These results suggest that
obesity induced by high-fat diets enhances oxidative stress not only in
WAT (Furukawa S., 2004) or in plasma (Dobrian AD., 2001), but also in
liver, which probably contributes to hepatic steatosis and other disorders.
A possible role of increased hepatic ROS and lipid peroxidation in
causing inflammation and non-alcoholic fatty liver disease (NAFLD) is
an important clinically relevant issue.

NAFLD is a major cause of liver-related morbidity and has been related
to obesity in human patients in epidemiological studies (Hu KQ., 2004),
but it also has been associated with other characteristics of the metabolic
syndrome, such as impaired glucose tolerance and hyperinsulinemia

(Marceau P., 1999). A two-hit theory best describes the progression from
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simple steatosis to NAFLD, fibrosis, or cirrhosis (Day CP., 1998). These
two hits consist of the accumulation of excessive hepatic fat primarily
because of insulin resistance and oxidative stress because of ROS
occurrence.

As described earlier, one of the main causes of NAFLD is the
accumulation of excessive hepatic fat because of insulin resistance and
the exacerbated lipid mobilization and oxidation that it is usually found in
the liver of obese subjects ( Unger RH. ,2003).

The cafeteria diet is a good model of insulin resistance and lipid
accumulation in the liver, with increased HOMA index and liver weight
and enhanced TG hepatic content.

Furthermore, excess accumulation of free fatty acids in liver and other
non-adipose tissues commonly led also to cell dysfunction and
lipotoxicity or lipid-induced cell death (Schaffer JE. ,2003).

The elevated levels of MDA in rats fed on a cafeteria diet, even the fa/fa
rats (Carmiel-Haggai M., 2005), suggest increased lipid peroxidation in
fat deposits that could be released and have detrimental effects on
hepatocytes and other hepatic cells.

In hepatocytes, ROS and lipid peroxidation products further impair the
respiratory chain, either directly or indirectly through oxidative damage
to the mitochondrial genome. These features, in turn, lead to the
generation of more ROS, and a vicious cycle ensues.

Mitochondrial dysfunction can also lead to apoptosis or necrosis
depending on the energy status of the cell. Finally, ROS and lipid
peroxidation products also activate stellate cells, thus resulting in fibrosis
(Fromenty B., 2004).

On the other hand, adipokines have been implicated in the pathogenesis
of type 2 diabetes and NAFLD, through their metabolic and pro-
/antiinflammatory activity (Musso G., 2005).
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2.6.4. oxidative stress and Cold Stress:

It is well known that cold exposure may be reflected in an
elevated metabolic rate and possibly also increased production of reactive
oxygen species, e.g. hydrogen peroxide (H202), hydroxyl radicals (HO:)
and superoxide anion radicals (O?"), which cause lipid peroxidation
(Selman et al., 2000; Heise et al. ,2003).

Membrane injury following lipid peroxidation causes disruption of the
tissue integrity (Bagchi et al. 1999). Therefore, to neutralize reactive
oxygen species the body uses mainly enzymatic copper, zinc superoxide
dismutase (Cu,Zn-SOD), catalase and selenium-dependent glutathione
peroxidase (Se-GSH-Px) and non-enzymatic antioxidants, e.g. reduced
glutathione (GSH).

Cold stress, which is characterized by the increase in metabolic rate, leads
to alterations in some antioxidant enzyme activities. These alterations are
explained as a mechanism resisting the negative effects of reactive
oxygen species (Selman et al. 2000). It is reported that acclimation at
temperatures below 10 -C for a period of more than 3 weeks would result
in observable oxidative effects (Kennedy et al. 1977).

Several studies have investigated whether exposure to low temperatures
results in compensatory changes taking place in the antioxidant defence
system (Barja de Quiroga et al. 1991; Ohno et al. 1991; Bondarenko et al.
1999), although there has been no detailed and comparable study
investigating the effects of chronic cold stress on protein modification
and lipid peroxidation in different tissues.

Additionally Gumuslu’s group could not find any study clarifying the
tissue most affected by chronic cold stress according to the oxidative
parameters. (Gumuslu et al. 2002).
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2.7. Glucose-6-phosphate dehydrogenase (G6PD):

Glucose-6-phosphate dehydrogenase (G6PD) is a cytoplasmic
enzyme present in all cells, where it plays the key role in regulating
carbon flow through the pentose phosphate pathway. Glucose-6-
phosphate dehydrogenase (G6PD) is the first and rate-limiting enzyme of
the pentose phosphate pathway, which results in the production of ribose-
5-phosphate and NADPH.(Figure 2.7.1)(Figure 2.7.2)

In erythrocytes, defense against oxidative damage is heavily dependent
on G6PD activity, which is the only source of NADPH.( Kletzien RF,.
1994).

Almost all cases of G6PD deficiency are caused by one amino-acid
change due to a point mutation of the genomic DNA, and about 140
molecular abnormalities of the G6PD genotype have been identified
(Cappellini MD., 2008).

The entire antioxidant system, as well as other reductant- requiring
processes, relies on an adequate supply of NADPH because it is the
principal intracellular reductant for all cells.

G6PD is the principle source of NADPH. Therefore, a decrease in G6PD
activity leads to decreased NADPH and makes cells very sensitive to
oxidant damage (Felix K., 2003).

These results have provided strong evidences showing that NADPH,
which is mainly produced by G6PD, is of central importance to cellular
redox regulation. On the other hand, any changes in G6PD activity will
alter NADPH levels and thus impact the antioxidant system.
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G6PD has been suggested to be an ‘“antioxidant” enzyme because it
provides NADPH to maintain glutathione (GSH) in its reduced form.
Increased G6PD activity may restore cellular GSH levels after its
depletion by oxidative stress ( Leopold JA., 2000).

Previous reports have demonstrated that NADPH produced by G6PD is
required for both the production of ROS, including superoxide anions and
NO, and the elimination of these ROS via glutathione peroxidase and

catalase in different cell types (Spolarics Z: 1998)( Spolarics Z., 1999).

Recently, Park J, 2005 revealed that G6PD is highly expressed in the
adipocytes of several obese animal models, and its overexpression in the
adipocytesprovoked the dysregulation of lipid metabolism and

adipocytokine expression, resulting in insulin resistance (Park J., 2005).
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Figure 2.7.1: Pentose phosphate pathway ( Judit Ola.,2002)
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Figure 2.7.2: Pentose phosphate pathway (Javier Fernando
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2.8. Reduced glutathione :

Glutathione (gama_-glutamyl-cysteinyl-glycine; GSH) is the most
abundant low- molecular- weight thiol .

a. GSH Synthesis:

The synthesis of GSH from glutamate, cysteine, and glycine is catalyzed
sequentially by two cytosolic enzymes, &-glutamylcysteine synthetase
(GCS) and GSH synthetase. This pathway occurs in virtually all cell

types, with the liver being the major producer and exporter of GSH.
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In the GCS reaction, the a-carboxyl group of glutamate reacts with the
amino group of cysteine to form a peptidic _-linkage, which protects
GSH from hydrolysis by intracellular peptidases. (Griffith, O. W. ,1999).

b. Roles of GSH:

Glutathione participates in many cellular reactions. First, GSH
effectively scavenges free radicals and other reactive oxygen species
(e.g., hydroxyl radical, lipid peroxyl radical, peroxynitrite, and H202)
directly, and indirectly through enzymatic reactions (Fang., 2002). In
such reactions, GSH is oxidized to form GSSG, which is then reduced to
GSH by the NADPH-dependent glutathione reductase). In addition,
glutathione peroxidase (a selenium-containing enzyme) catalyzes the
GSH-dependent reduction of H202 and other peroxides (Lei., 2002 ).
Second, GSH reacts with various electrophiles, physiological metabolites
(e.g., estrogen, melanins, prostaglandins, and leukotrienes), and
xenobiotics (e.g., bromobenzene and acetaminophen) to form
mercapturates (Fang., 2002). These reactions are initiated by glutathione-
S transferase (a family of Phase |1 detoxification enzymes).

Third, GSH conjugates with NO to form an S-nitrosoglutathione adduct,
which is cleaved by the thioredoxin system to release GSH and NO
(Fang., 2002 ). Recent evidence suggests that the targeting of endogenous
NO is mediated by intracellular GSH (Andre.,2003 ). In addition, both
NO and GSH are necessary for the hepatic action of insulin-sensitizing
agents (Guarino., 2003).

Fourth, GSH serves as a substrate for formaldehyde dehydrogenase,
which converts formaldehyde and GSH to S-formyl-glutathione
(Townsend., 2003 ). The removal of formaldehyde (a carcinogen) is of
physiological importance, because it is produced from the metabolism of
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methionine, choline, methanol (alcohol dehydrogenase), sarcosine
(sarcosine oxidase), and xenobiotics (via the cytochrome P450—dependent
monooxygenase system of the endoplasmic reticulum).

Fifth, GSH is required for the conversion of prostaglandin H2 (a
metabolite of arachidonic acid) into prostaglandins D2 and E2 by
endoperoxide isomerase (Lu., 2002).

Sixth, GSH is involved in the glyoxalase system.

Finally, glutathionylation of proteins (e.g., thioredoxin, ubiquitin-
conjugating enzyme, and cytochrome c oxidase) plays an important role

in cell physiology (Townsend., 2003 ).

Adequate GSH concentration is necessary for the proliferation of cells,
including lymphocytes and intestinal epithelial cells (Aw., 2003).
Glutathione also plays an important role in spermatogenesis and sperm
maturation (Sies., 1999). In addition, GSH is essential for the activation
of T-lymphocytes and polymorphonuclear leukocytes as well as for
cytokine production, and therefore for mounting successful immune
responses when the host is immunologically challenged (Townsend,
2003).

C. Glutathione’s Role As An Antioxidant:

Glutathione is currently one of the most studied antioxidants. This is
likely due to it being endogenously synthesized all throughout the body
and it is basically found in all cells, sometimes in rather high
concentrations. Investigations have highlighted many roles in which it is
used including antioxidant defense, detoxification of electrophilic
xenobiotics, modulation of redox regulated signal transduction, storage

and transport of cysteine, regulation of cell proliferation, synthesis of
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deoxyribonucleotide synthesis, regulation of immune responses, and

regulation of leukotriene and prostaglandin metabolism (Sen CK:1999).
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Figure.2.8.1: The metabolic pathways regulating

oxidative stress( Leema Reddy

The increased ROS in hypertrophied adipose tissue is accompanied by a
decrease in mMRNA expression levels and activities of antioxidant
enzymes such as glutathione peroxidase (GPX), Cu/Zn superoxide
dismutase (Cu/Zn SOD), and catalase (Furukawa S,2004), which are
essential for homeostasis of the redox state (Michiels C,1988) and are
induced to detoxify ROS when cells are exposed to oxidative stress in
other organs (Ray G.,2002).

Thus, dysregulation of antioxidant enzymes should lead to dysfunction

of adipocytes. However, the precise regulatory mechanisms and roles of

each antioxidant enzyme in adipocytes remain to be elucidated.



GPX is one of the antioxidant enzymes down regulated in hypertrophied
adipose tissue. Seven members of the GPX family have been identified so
far. Including GPX1 (Furukawa S.,2004), and GPX3 (Maeda K., 1997)

that are expressed in adipose tissue.

GPX1 is the most characterized cytosolic and mitochondrial GPX
(Chambers 1.,1986), whereas GPX3 is the extracellular GPX recognized
as serum GPX and is secreted mainly by the kidney (Maddipati
KR.,1987). However, there is little or no information on the role of other

GPXs in the homeostasis of redox state in adipocytes.

GPXs scavenge and inactivate hydrogen and lipid peroxides to water or
lipid hydroxyls in a glutathione (GSH)-dependent reduction reaction in
mammalian cells (Cohen G 1963, Drevet JR. 2006). Thus, GSH is an
essential factor for the enzymatic function of GPXs on the reduction
reaction and also an antioxidant itself to scavenge ROS. The intracellular
content of GSH and the ratio of reduced GSH to oxidized GSH
(GSH/GSSG ratio) are regulated through several steps to maintain
homeostasis. GPXs facilitate the oxidation of GSH to GSSG upon the
catalytic reaction to reduce H202. GSSG is recycled to GSH by GSH
reductase (GSH-R). (Franco R., 2007 ,;Njalsson R., 2005 ; Rahman I.,
2000).

2.9. Lipid peroxidation (LP) :

Lipid constitute about 50% of the mass of most animal cell
membranes, nearly all of the remainder being protein. All of the lipid
molecules in cell membranes are amphipathic (or amphiphilic)—that is,
they have a hydrophilic (water-loving) or polar end and a hydrophobic
(water-fearing) or nonpolar end.
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The most abundant membrane lipids are the phospholipids. These have a
polar head group and two hydrophobic hydrocarbon tails. The tails are
usually fatty acids, and they can differ in length (they normally contain
between 14 and 24 carbon atoms). One tail usually has one or more cis-
double bonds (i.e., it is unsaturated), while the other tail does not (i.e., it

IS saturated).

Outside of cell
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Figure 2.9.1 Lipid components of the plasma
membrane. (The Cell, 2nd edition, 2000)

However cell membranes are rich sources of poly unsaturated fatty acids
(PUFA) which are particularly susceptible to oxidation(Slater., 1984
Halliwell and Guitteride., 1984). The consequent oxidative destruction of

PUFA is known as lipid peroxdation (Cheesman .,1993).

Lipid peroxidation (LP) is an autocatalytic process caused by oxidative
stress (Gordana Juric-Sekhar., 2009).

LP is one of the most investigated consequences of ROS action on the
membrane structure and function. The idea of LP as a solely destructive
process has changed during the past decade. (Gordana Juric-Sekhar.,
2009).
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The peroxidation of lipids involves three distinct steps: initiation,

propagation and termination. (Shewfelt and Purvis, 1995). (Figure 2.9.2)

/\ /\ /\ / Fatty acid with three double bonds

1 H® Hydrogen abstraction by Hydroxyl radical

Unstable carbon radical

Molecular
Rearrangement

— Conjugated diene

1 Oxygen uptake

=== Peroxyl radical

l +H® Hydrogen abstraction <> Chain reaction

—_— Lipid hydroperoxide

0 malondialdehyde
(|) H 4-hydroxynonenal
ethane/pentane

Figure 2.9.2: Basic reaction sequence of
lipid peroxidation (I. S. Young2001).

The initiation reaction between an unsaturated fatty acid (e.g. linoleate)
and the hydroxyl radical involves the abstraction of an H atom from the
methylvinyl group on the fatty acid in the case of linoleate this occurs at
carbon-11 (Fig. 2.9.3).
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Degradation
Products

Figure 2.9.3: The peroxidation of linoleic acid.
(I. S. Young2001).

The remaining carbon centred radical, forms a resonance structure

sharing this unpaired electron among carbons 9 to 13.

In the propagation reactions, this resonance structure reacts with triplet

oxygen, which is a biradical having two unpaired electrons and therefore
reacts readily with other radicals. This reaction forms a peroxy radical .In
the case of linoleate, addition occurs at either carbon-9 or -13 (Fig 2.9.3).
The peroxy radical then abstracts an H atom from a second fatty acid
forming a lipid hydroperoxide and leaving another carbon centred free
radical that can participate in a second H abstraction . Therefore, once
one hydroxyl radical initiates the peroxidation reaction by abstracting a
single H atom, it creates a carbon radical product (R) that is capable of
reacting with ground state oxygen in a chain reaction.

The role of the hydroxyl radical is analogous to a "spark" that starts a fire.
The basis for the hydroxyl radical's extreme reactivity in lipid systems is
that at very low concentrations it initiates a chain reaction involving

triplet oxygen, the most abundant form of oxygen in the cell.
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The lipid hydroperoxide (ROOH) is unstable in the presence of Fe or
other metal catalysts because ROOH will participate in a Fenton reaction

leading to the formation of reactive alkoxy radicals:

ROOH + Fe*t = OH + RO w+ Feot

Therefore, in the presence of Fe, the chain reactions are not only

propagated but amplified.

Among the degradation products of ROOH are aldehydes, such as
malondialdehyde, and hydrocarbons, such as ethane and ethylene, that are

commonly measured end products of lipid peroxidation.

The peroxidation reactions in membrane lipids are terminated when the
carbon or peroxy radicals cross-link to form conjugated products that are

not radicals, such as those shown in the following reactions:
Re +Re >R R

Re+ROOe - ROOR

ROC e +ROCe —» ROOR + (O

Typically high molecular weight, cross-linked fatty acids and

phospholipids accumulate in peroxidised membrane lipid samples.

2. 10. Lactate dehydrogenase:

Lactate dehydrogenase (LDH) reversibly catalyzes the oxidation of

lactate to pyruvate by transferring hydrogen from lactate to the cofactor

NAD".
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The reaction represents the last step in the process of anaerobic

glycolysis, and provides a mean for the regeneration of NAD* required

for the reaction catalyzed by glyceraldehydes-3-phosphate

dehydrogenase.

LDH. pH 8.3-9.8
L-lactate + NAD+ L= Pyruvate + NADH + H+

pH 7.4-7.8

Lactate dehydrogenase is a cytoplasmic enzyme distributed widely in
many tissues with high concentrations in heart and skeletal muscles, liver,

kidney, erythrocytes, and testis.

In vertebrate, there are five major isozymic forms, LDH-A,;, LDH-A;B,
LDHA,B,, LDH-AB; and LDH-B,4, formed by the random combination
of two types of polypeptide chains A and B into tetramers. The relative
proportion of these five isozymic forms varies from tissue to tissue, with

the LDH-A, isozyme predominating in cardiac muscle.

On the basis of the differences in their kinetic properties, the biological
role of the LDH-A, isozyme had been proposed to be the conversion of
pyruvate to lactate as the terminal reaction of anaerobic glycolysis, while
the LDH-B, isozyme is thought to be involved in the production of
pyruvate from lactate in actively respiring tissues such as heart (Dawson,
etal., 1964).

Enzyme levels in various tissues (in U/g weight) are very high compared
to those in serum: liver 9,000; heart 25,000; kidney 15,000; skeletal
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muscle 9,000; lung 9,500 (Moss and Henderson, 1986). Thus, tissue
levels are about 500 fold higher than those normally found in serum, and
leakage of the enzyme from even a small mass of damaged tissue can
increase the observed serum level of LDH to a significant extent.

A significant increase of LDH enzyme level was found in brain, liver and
testis tissues, which indicates a high-energy demand due to depletion of

oxygen.
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MATERIALS AND METHODS
3.1. Materials:
(a) Animals:

Sixty male mice were obtained from the Central Animal House of
Al-Arab Medical University, Benghazi, Libya. All animals weighed
between 25-30g. The animals were housed in cages in groups of twelve
in each colony. The colonies were maintained at room temperature, and
on a 12-hour light/dark cycle. All the animals had a free access to food
and water.

Animals were divided randomly into five groups, in the following order:
Group 1:
Control group (c) in this group mice were on chow without any stress

Group 2:

High fat diet group(HFD) in this group mice on high fat diet wish

prepared in our lab
Group 3:
High fat diet and cold group(HFD&C) in this group mice on high fat diet

and were on cold stress(every day at 9:30AM mice putted in refrigerator

at 4c for one hour)
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Group 4:
Normal diet and cold group(N&C) in this group mice were on normal
diet (chow) and were on cold stress(every day at 9:30AM mice putted in

refrigerator at 4c for one hour).

Group 5:

Normal and dark group(N&D) in this group mice were on normal diet
(chow) and were on dark stress(every day at 9:30AM mice putted in dark

dry room for one hour).

(b) Equipments:

Livers were homogenized in Teflon glass homogenizer (Janke and
Kunkel —type RW18).

Centrifugation was carried out in Bench centrifuge Barid &Tatlok
London limited.

Thin tissue section (4 microns) of the liver were cut on Microtome-Leica
RM2135.

Representative tissue pieces were passed from low to high alcohol
concentration using a Jung histokinette 2000-leica.

The absorbance of different samples at different wave length was carried
out by using spectrophotometer (spectro UV-Vis Double PC
spectrophotometer, U.S.A).

Thermostatic oven (Thermostate Binder, Germany) make was used for

incubating at 37°C for various enzyme activities assays
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3.2.Methods:

3.2.1. Measurement of weight of mice:

After one week of adaptation in our lab weights of mice in all group
First day of experiment.
After two weeks experiment.

After five weeks experiment.

3.2.2. Preparation of mice diet:

Preparation of high fat diet:

In all experiments, components for purified diets were mixed for 45 min,
formed into a dough with the addition of one kilogram of fat to four
kilogram of mice laboratory diet.

( High fat diet consisting of a mixture of one part fat diet and four parts

chow was prepared.)

Diets were stored in tightly stopperd plastic containers and refrigerated at
4 °C for no longer than 2 weeks. Under these conditions, high-fat diets
did not become rancid, and to minimize oxidation. In addition, fresh food
was provided to animals daily.

The final mixture contained 20% fat, approximately 80% Chow

The source of the fat contained in high fat diet was from an animal source
(sheep).
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3.2.3 Removal of the mice liver

Following an overnight fast the animals were anaesthetized and the
blood was drawed after that scarified. The livers were removed rapidly
and adherent blood clots removed from the surface.
Representative pieces of mice livers were homogenized in a Potter

Elvenhiem homogenizer (Janke and Kunkel — Type RW 18).

3.2.4. Preparation of liver homogenates:

The homogenate was prepared using a 1g of tissue in a volume
made to 10 ml of ice cold 0.15 M KCI (10% w/v; pH adjusted to 7.4)

using a Teflon Potter Elvenhjem homogenizer.

3.2.5. Estimation of concentration of fasting blood glucose:

Estimation of adiponectin concentration in blood was carried out using
Colorimetric method EnzyChromTM Glucose Assay Kit (EBGL-100)
Quantitative Colorimetric/Fluorimetric Glucose Determination

BioAssay Systems)

(a) Principle:

Glucose (C6H1206) is a key diagnostic parameter for many metabolic
disorders. Increased glucose levels have been associated with diabetes
mellitus, hyperactivity of thyroid, pituitary and adrenal glands. Decreased
levels are found in insulin secreting tumors, myxedema, hypopituitarism
and hypoadrenalism. Simple, direct and high-throughput assays for
measuring glucose concentrations find wide applications in research and

drug discovery. BioAssay Systems' glucose assay Kit uses a single
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Working Reagent that combines the glucose oxidase reaction and color
reaction in one step. The color intensity of the reaction product at 570nm
or fluorescence intensity at lem/ex = 585/530nm is directly proportional

to glucose concentration in the sample.

(b) Sample:

Sensitive and accurate. Use as little as 20 uL. samples. Linear detection
range in 96-well plate: 5 to 300 uM (90 pg/dL to 5.4 mg/dL) glucose for
colorimetric assays

Simple and high-throughput. The procedure involves addition of a

single working reagent and incubation for 30 min at room temperature

(c) Reagents:
Tabel 3.1:Reagent used in Estimation of concentration of fasting

blood glucose.

No 300uM STD + H20 | Vol (uL) Glucose
(uM)

1 200 uL +0p L 200 300

2 120 pL + 80 pL 200 180

3 60 uL + 140 uL 200 90

4 0 uL +200 pL 200 0
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(d) Procedure:

Sample treatment: samples should be centrifuged for 5 min at
14,000 rpm prior to assay. Milk samples should be cleared by mixing 100
pL 6N HCI and 600 pL milk. Centrifuge 5 min at 14,000 rpm and transfer
supernatant into a clean tube. Add 170 uL 6N NaOH per mL supernatant.
Mix well and centrifuge again at 14,000 rpm. The supernatant can be
assayed. The dilution factor in this procedure is n = 1.36.

Samples can be analyzed immediately after collection, or stored in
aliquots at —20 °C. Avoid repeated freeze-thaw cycles. If particulates

are present, centrifuge sample and use clear supernatant for assay.

1. Equilibrate all components to room temperature. During experiment,
keep thawed Enzyme in a refrigerator or on ice.

2. Standards and samples: for 300 uM standard, mix 15 uL. 300 mg/dL
standard with 818 pLL. dH2O. Dilute standard in dH2O as follows
Transfer 20 pL standards and samples into separate wells.

3. Working Reagent. For each reaction well, mix 85 pL Assay Buffer, 1
uL Enzyme Mix (vortex briefly before pipetting), and 1 pLL Dye Reagent
ina clean tube. Transfer 80 uL. Working Reagent into each reaction well.
Tap plate to mix.

4. Incubate 30 min at room temperature. Read optical density at 570nm
(550-585nm).

(e) Calculation:

Subtract blank OD (water, #4) from the standard OD values and plot
the DOD against standard concentrations. Determine the slope and

calculate the glucose concentration of Sample,
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[Glucose] =
ODSAMPLE — ODBLANK (LM)

Slope
ODSAMPLE, ODBLANK are optical density values of the sample and
water.

Conversions: 1 mg/dL glucose equals 55.5 uM, 0.001% or 10 ppm.

3.2.6. Estimation of adiponectin concentration in blood:

Estimation of adiponectin concentration in blood was carried out
using enzyme immunoassay kit (catalog number Cat. No.:
RD293023100R, BioVendor — Laboratorni medicina, a.s.).

(a) Principle

In the BioVendor Mouse Adiponectin ELISA, Standards, Quality
Controls and samples are incubated in microplate wells pre-coated with
monoclonal anti-mouse Adiponectin antibody. After 60 minutes
incubation and washing, polyclonal anti-mouse Adiponectin antibody,
conjugated with horseradish peroxidase (HRP) is added to the wells and
incubated for 60 minutes with captured mouse Adiponectin. Following
another washing step, the remaining HRP conjugate is allowed to react
with the Substrate Solution (TMB). The reaction is stopped by addition of
acidic solution and absorbance of the resulting yellow product is
measured spectrophotometrically at 450 nm. The absorbance is
proportional to the concentration of mouse Adiponectin. A standard curve

Is constructed by plotting absorbance values against concentrations of

92



Standards, and concentrations of unknown samples are determined using

this standard curve.

(b).Reagent
Tabel 3.2: Reagent used in estimation of adiponectin concentration

in blood:
Quantity State Kit Components
96 wells ready to use Antibody Coated Microtiter Strips
13 ml ready to use Conjugate Solution
2 vials lyophilized Master Standard
2 vials lyophilized Quality Control High
2 vials lyophilized Quality Control Low
22 mi concentrated Dilution Buffer Concentrate (10x)
100 ml concentrated Wash Solution Concentrate (10x)
13 ml ready to use Substrate Solution
13 ml ready to use Stop Solution
1 pc Product Data Sheet + Certificate of Analysis

(C). Procedure
1. Preparation of reagents
All reagents need to be brought to room temperature prior to use.

Always prepare only the appropriate quantity of reagents for your test.

Do not use components after the expiration date marked on their label.
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Assay reagents supplied ready to use:
Antibody Coated Microtiter Strips
Stability and storage:

Return the unused strips to the provided aluminium zip-sealed bag with
desicant and seal carefully. Remaining Microtiter Strips are stable 3
months stored at 2-8°C and protected from the moisture.

Conjugate Solution

Substrate Solution

Stop Solution

Stability and storage:

Opened reagents are stable 3 months when stored at 2-8°C.

Assay reagents supplied concentrated or lyophilized:

Dilution Buffer Concentrate (10x)

Dilute Dilution Buffer Concentrate (10x) ten-fold in distilled water to
prepare a 1x working solution. Prepare only required amount of Dilution
Buffer.

Example: 22 ml of Dilution Buffer Concentrate (10x) + 198 ml of
distilled water for use of all 96-wells.

Stability and storage:

The diluted Dilution Buffer is stable 1 week when stored at 2-8°C.

Opened Dilution Buffer Concentrate (10x) is stable 3 months when stored
at 2-8°C.

Wash Solution Concentrate (10x)

Dilute Wash Solution Concentrate (10x) ten-fold in distilled water to
prepare a 1x working solution. Example: 100 ml of Wash Solution
Concentrate (10x)+ 900 ml of distilled water for use of all 96-wells.
Stability and storage:
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The diluted Wash Solution is stable 1 month when stored at 2-8°C.
Opened Wash Solution Concentrate (10x) is stable 3 months when stored
at 2-8°C

Mouse Adiponectin Master Standard

Reconstitute the lyophilized Master Standard with 1 ml of Dilution Buffer
just prior to the assay. Let it dissolve at least 15 minutes with
occasionally gently shaking (not to foam). The resulting concentration of
the mouse Adiponectin in the stock solution is 8 ng/ml.

Prepare set of standards using Dilution Buffer as follows:

Concentration Dilution Buffer Volume of Standard
8 ng/ml 1.0 ml Stock

4 ng/ml 0.5 ml 0.5 ml of stock

2 ng/ml 0.5 ml 0.5 ml of 4 ng/ml

1 ng/mi 0.5 ml 0.5 ml of 2 ng/ml
0.5 ng/ml 0.5 ml 0.5 ml of 1 ng/ml
0.25 ng/ml 0.5 ml 0.5 ml of 0.5 ng/mi

2. Preparation of samples

The kit measures mouse Adiponectin in serum.

Samples should be assayed immediately after collection or should be
stored at -20°C. Mix thoroughly thawed samples just prior to the assay
and avoid repeated freeze/thaw cycles, which may cause erroneous
results. Avoid using hemolyzed or lipemic samples.

Dilute samples just prior to the assay 10 000x with Dilution Buffer, in
two steps as follows:

Dilution A (100x):
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Add 10 pl of sample into 990 ul of Dilution Buffer.

Mix well (not to foam). Vortex is recommended.

Dilution B (100x):

Add 10 pl of Dilution A into 990 pl of Dilution Buffer to prepare final
dilution (10 000x). Mix well (not to foam). Vortex is recommended.

Stability and storage:

Samples should be stored at -20°. Avoid repeated freeze/ thaw cycles.

Do not store the diluted samples.

See Chapter 13 for stability of serum samples if stored at 2-8°C and effect
of freezing/thawing on the concentration of mouse Adiponectin.

Note: It is recommended to use a precision pipette and a careful technique

to perform the dilution in order to get precise results

3. Assay Procedure

1. Pipet 100 pl of each individual concentration of Standards, Quality
Controls, Dilution Buffer (=Blank) and diluted samples, preferably in
duplicates, into the appropriate wells.

2. Incubate the plate at room temperature (ca. 25°C) for 1 hour, shaking
at ca. 300 rpm on an orbital microplate shaker.

3. Wash the wells 3-times with Wash Solution (0.35 ml per well). After
final wash, invert and tap the plate strongly against paper towel.

4. Add 100 pul of Conjugate Solution into each well.

5. Incubate the plate at room temperature (ca. 25°C) for 1 hour, shaking
at ca. 300 rpm on an orbital microplate shaker.

6. Wash the wells 3-times with Wash Solution (0.35 ml per well). After

final wash, invert and tap the plate strongly against paper towel.
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7. Add 100 pl of Substrate Solution into each well. Avoid exposing the
microtiter plate to direct sunlight. Covering the plate with e.g. aluminium
foil is recommended.

8. Incubate the plate for 10 minutes at room temperature. The incubation
time may be extended [up to 20 minutes] if the reaction temperature is
below than 20°C. Do not shake the plate during the incubation.

9. Stop the colour development by adding 100 ul of Stop Solution.

10. Determine the absorbance by reading the plate at 450 nm. The

absorbance should be read within 5 minutes following step 9.

Note: If the microplate reader is not capable of reading absorbance
greater than the absorbance of the highest standard, perform a second
reading at 405 nm. A new standard curve, constructed using the values
measured at 405 nm, is used to determine mouse Adiponectin
concentration of off-scale samples. The readings at 405 nm should not
replace the on-scale readings at 450 nm.

Note 2: Manual washing: Aspirate wells and pipet 0.35 ml Wash Solution
into each well. Aspirate wells and repeat twice. After final wash, invert
and tap the plate strongly against paper towel. Make certain that Wash

Solution has been removed entirely.

(e) Calculation:

Most microplate readers perform automatic calculations of analyte
concentration. The standard curve is constructed by plotting the mean
absorbance at 450 nm (Y) of Standards against log of the known
concentration (X) of Standards, using the four-parameter algorithm.
Results are reported as concentration of mouse Adiponectin ng/ml in

samples.
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Alternatively, the logit log function can be used to linearize the standard
curve (i.e. logit of the mean absorbance () is plotted against log of the
known concentration (X) of Standards.

The measured concentration of samples calculated from the standard
curve must be multiplied by their respective dilution factor, because
samples have been diluted prior to the assay (e.g. 2.65 ng/ml (from
standard curve) x 10 000 (dilution factor) = 26.5 ug/ml).

Note:
Typical analytical data of BioVendor Mouse Adiponectin ELISA are:

Sensitivity

Limit of Detection (LOD) (defined as concentration of analyte giving
absorbance higher than mean absorbance of blank* plus three standard
deviations of the absorbance of blank: Ablank + 3xSDblank) is calculated
from the real Adiponectin values in wells and is 0.1 ng/ml.

*Dilution Buffer is pipetted into blank wells.

Limit of assay

Results exceeding Adiponectin level of 8 ng/ml should be repeated with
more diluted samples (e.g. 20 000x). Dilution factor needs to be taken
into consideration in calculating the Adiponectin concentration.

Specificity

The antibodies used in this ELISA are specific for mouse Adiponectin
protein with no detectable crossreactivities to mouse cytokines: RELM-a,
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RELM-B, Leptin, Leptin-receptor, Resistin; as well as for rat Leptin and
human Adiponectin at 100 ng/ml.

Stability of samples stored at 2-8°C

Samples should be stored at —20°C. However, no decline in concentration
of mouse Adiponectin was observed in serum and plasma samples after
14 days when stored at 2-8°C. To avoid microbial contamination,
samples were treated with e-aminocaproic acid and sodium azide,

resulting in the final concentration of 0.03% and 0.1%, respectively.

3.2.7. Estimation of Alanine aminotranferase (ALT) activity in liver

homogenate

Estimation of GPT in liver was carried out using a colorimetric kit
(SPINREACT, S.A. Ctra.Santa Coloma, 7 E-17176 SANT ESTEVE DE
BAS (GI) SPAIN)

(a) Principle:
Alanine aminotranferase (ALT) or Glutamate pyruvate transaminase
(GPT) catalyses the reversible transfer of an amino group from alanine to
a-ketoglutarate forming glutamate and piruvate.
The piruvate produced is reduced to lactate by lactate dehydrogenase
(LDH) and NADH:

ALT

L-Alanine + a-Ketoglutarate—— Glutamate + Piruvate
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LDH
Piruvate + NADH + H'—— Lactate + NAD"

The rate of decrease in concentration of NADH, measured
photometrically, is proportional to the catalytic concentration of ALT
present in the sample™.

(b) Sample:

Appropriate concentration of fresh tissue homogenate.

(c) Reagents:

Table 3.4: Reagents used for estimation of ALT

TRIS PH 7.8

100mmol/L

R1 Lactate-dehydrogenase(LDH)
Buffer 1200U/L

L-Alanine

500mmol/L

R?2 NADH
Substrate 0.18mmol/L

a- Ketoglutarate
12mmol/L

Preparation:
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Working reagent (WR)

Mix:

9 vol. (R1) Buffer + 1 vol. (R2) Substrate

Stability: 21 days at 2-8°C or 72 hours at room temperature (15-25°C).

(d) Procedure:

1. Assay conditions: Wavelength: .. .. ... .. 340 nm
Cuvette: .. ... 1 cm light path
Constant temperature . ... ........... 25°C / 30°C / 37°C

2. Adjust the instrument to zero with distilled water or air.

3. Pipette into a cuvette:

WR (mL) 1,0

Sample (uL) 100

4. Mix, incubate for 1 minute.
5. Read initial absorbance (A) of the sample, start the stopwatch and read

absorbance at 1 minute intervals thereafter for 3 minutes.

6. Calculate the difference between absorbance and the average

absorbance differences per minute (AA/min).

(e) Calculation:

AAX Vt x 1000
E X VsXxTminxmg protein

ALT (IU/mg protein) =
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Where:

AA = Difference in absorbance between 1., and 3nin. ;

V= Total volume of homogenate (ml); Vs= VVolume of estimation (ml);
Tmin= Time in minute;

Wit= weight of fresh tissue used in gram.;

E= molar absorption coefficient at 340 nm of 6.3x10° per 1 cm pathlength
Referance; (Tietz Textbook of Clinical Chemistry, W.B. Saunders,
Philadelphia, PA, Third edition 1999, pp. 652-653 ,656-657).

3.2.8 Estimation of Aspartate aminotransferase (AST) activity in

liver homogenate

Estimation of GPT in liver was carried out using a colorimetric kit
(SPINREACT,S.A. Ctra.Santa Coloma, 7 E-17176 SANT ESTEVE DE
BAS (GI) SPAIN)

(@) Principle:

Aspartate aminotransferase (AST) formerly called glutamate
oxaloacetate (GOT) catalyses the reversible transfer of an amino group
from aspartate to a-ketoglutarate forming glutamate and oxalacetate. The
oxalacetate produced is reduced to malate by malate dehydrogenase
(MDH) and NADH:

AST

L-Aspartate + a-Ketoglutarate =~ —  Glutamate + Oxalacetate

MDH
Oxalacetate + NADH + H' — Malate + NAD "
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The rate of decrease in concentration of NADH, measured
photometrically, is proportional to the catalytic concentration of AST

present in the sample.

(b) Sample:

Appropriate concentration of fresh tissue homogenate.

(c) Reagents:

Tabel 3.5:Reagent used in estimation of AST activity in liver

homogenate

TRIS PH7.8

80mmol/L

R1 Lactatedehydrogenase(LDH)
Buffer 800U/L
Malatedehydrogenase(MDH)
600U/L

L-Aspartate

0.18mmol/L

R 2 NADH
Substrate 0.18mmol/L
a-Ketoglutarate
12mmol/L

Preparation
Working reagent (WR)
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Mix: 9 vol. (R1) Buffer + 1 vol. (R2) Substrate
Stability: 21 days at 2-8°C or 72 hours at room temperature (15-25°C).

(d) Procedure:

1. Assay conditions:

Wavelength: . .............. ... .. ... .. ... 340 nm
Cuvette: . ... 1 cm. light path
Constant temperature . .............. 25°C /30°C / 37°C

2. Adjust the instrument to zero with distilled water or air.

3. Pipette into a cuvette:

WR(ml) | 1.0

Sample(ml) | .10

4. Mix, incubate for 1 minute.

5. Read initial absorbance (A) of the sample, start the stopwatch and read
absorbances at 1 minute intervals thereafter for 3 minutes.

6. Calculate the difference between absorbances and the average

absorbance differences per minute (AA/min).

(e) Calculation:

AAX Vtx 1000
E X VsxTminXmg protein

AST (IU/mg protein) =

Where:
AA = Difference in absorbance between 1., and 3nin. ;

V= Total volume of homogenate (ml); Vs= Volume of estimation (ml);
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Tmin= Time in minute;

Wit= weight of fresh tissue used in gram.;

E=molar absorption coefficient at 340 nm of 6.3x10° per 1 cm pathlength
Referance;(Tietz Textbook of Clinical Chemistry, W.B. Saunders,
Philadelphia, PA,Third edition 1999, pp. 652-653 ,656-657).

3.2.9 Estimation of Alkaline Phosphatase (ALP) activity in liver

homogenate:

Alkaline Phosphatase Assay Kit- BioVision (Catalog #K412-500; 500
Reactions; Store kit at —20°C)

(a) Principle:

Alkaline phosphatase (ALP) catalyses the hydrolysis of p-nitrophenyl
phosphate at pH 10.4, liberating p-nitrophenol and phosphate, according
to the following reaction:

p-Nitrophenylphosphate + H,O p-Nitrophenol + Phosphate ——ALP
The rate of p-nitrophenol formation, measured photometrically, is
proportional to the catalytic concentration of alkaline phosphatase present
in the sample.

(b) Sample:

Appropriate concentration of fresh tissue homogenate.

(c) Reagents
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Table3.6

. - Reagents used for estimation of alkaline phosphates

Diethanolamine (DEA) PH 10.4 Immol/L
Magnesium chloride 0.5mmol/L
R1
Buffer
R?2 p-Nitrophenylphosphate (Pnpp) 10mmol/L
Substrate

(d) Procedure:

Alkaline

Phosphatase Assay Protocol:

Preparation

Working

reagent (WR)

Mix: 9 vol. (R1) Buffer + 1 vol. (R2) Substrate

Stability:

Constant
2. Adjust

1 month at 2-8°C or 10 days at room temperature

............................... 1 cm light path

temperature .. ..., 25°C / 30°C / 37°C

the instrument to zero with distilled water or air.

3. Pipette into a cuvette:
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WR(MI) 1.2

Sample(pL) 20

4. Mix, incubate for 1 minute.

5. Read initial absorbance (A) of the sample, start the stopwatch and read
absorbances at 1 min intervals thereafter for 3 min.

6. Calculate the difference between absorbances and the average

absorbance differences per minute (AA/min).

(e) Calculation:

AAX Vt x 1000
E X VsxTminxmg protein

ALP (1IU/mg protein) =

Where:

AA = Difference in absorbance between 1., and 3nin. ;

V= Total volume of homogenate (ml); Vs= Volume of estimation (ml);
Tmin= Time in minute;

Wit= weight of fresh tissue used in gram.;

E= The extinction coefficient for p-nitrophenol at 410 nm is 18.5 mM"
1cm-1

Referance;( Sakharov, 1. Y., Makarova, I. E., and Ermolin, G. A.
1988. Purification and characterization of intestinal alkaline
phosphatase from harp seal. Comparative Biochemistry and

Physiology, B 90B:709-714.)
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3.2.10

1951).

Estimation of Total protein in liver homogenate :

Total protein was estimated by the procedure of (Lowery et al.,

(a) Reagents:

Solution A: 1volume of 5% (w/v) copper sulfate, 1 volume of 10%

(w/v) sodium potassium tartrate and 8 volumes of water.
Solution B: 2% (w/v) sodium carbonate in 0.1N NaOH.

Solution C: A mixture containing 1 volume of solution A and 50

volumes of solution B was immediately prepared before use.

(b) Procedure:

Liver tissue was weighed and homogenized in glass homogenizer
with Teflon pestle in 0.015 M KCI.

Two ml of solution C were added to 20ul of the homogenate in 18
x 150 mm test tube (corning), 0.2 ml of diluted Folin-Ciocalteau
reagent was added to the mixture and the contents were mixed
immediately. After 40 minutes, the absorbance of the developed
blue color solution was measured at 700 nm against sample blank.
A typical standard curve shown in figure [2.1] was prepared using

20 pl containing 10 to 90 pg BSA in each standard reaction.

(c) Calculation: The total protein concentration in the homogenate

was evaluated as follow:
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CugxVvt
WtxVsx1000

Protein concentration (mg/gm fresh tissue) =
Where:

C = Concentration in microgram was calculated from standard curve;

V; = Total volume of homogenate (ml); Vs = Volume used for estimation
(ml); W¢= Weight of fresh tissue used in gram; 1000 = Factor to convert

units from pg to mg.
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Figure 3.1: Standard curve for total protein estimation.

3.2.11. Estimation of Glucose-6-Phosphate dehydrogenase (G6PDH):

The quantitative determination of GGPDH was performed using a kit

supplied by RANDOX Laboratoirse Ltd., Cataloge number PD410.
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(a) Principle:
The enzyme activity was determined by the measurement of the rate of
change in absorbance at 340 nm due to the reduction of NADP* (Lohr
and Waller 1974, Makarem, 1974).
G6PD
G-6-P + NADP* — Gluconate-6-P + NADPH + H*
(b) Reagents:

Table 3.7: Reagents were used for estimation of GGPDH.

CONCENTRATION IN
CONTENT
THE TEST
*Buffer
-Triethanolamine Buffer 31.7 mmol/L, pH 7.6
-EDTA
“NADP 3.2 mmol/L
*Glucose-6-phosphate 0.34 mmol/L
*Digitonin 0.58 mmol/L
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(c) Procedure:

Table 3.8 : Method was used for estimation of G6PDH.

0.2ml of the homogenate was added to 0.5 ml of digitonin. The reaction
was left to stand for 15 minutes, centrifuged and an appropriate volume

was taken from the supernatant for estimation as follow:

Solution 1 1ml
Solution 2 0.03ml
Supernatant 0.015ml

The contents were mixed well, and the initial absorbance was read and
timer was started simultaneously. Absorbance was noted after 1, 2, 3, 4

and 5 minutes. The difference in absorbance (AA) was determined.

Solution 3 0.015 ml

The contents were mixed well, and the initial absorbance was read and
timer was started simultaneously. Absorbance was noted after 1, 2, 3, 4

and 5 minutes. The difference in absorbance (AA) was determined.

(d) Calculation:

The activity of G6PDH was calculated based on 1U/mg protein.

AAX Vtx 1000
6.22 X Vs XTmin Xmg protein

G6PDH (1U/ mg protein) =

Where:
AA= Difference in absorbance ( Azsonm at Smin — Aszsonm at Lmin);
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V= Total volume of homogenate (ml); Vs= VVolume of estimation (ml);
Tmin= Time in minutes; Wt= weight of tissue used in gram;

6.22x10° =Millimolar extinction coefficient of R-NADPH at 340 nm
(Noltmann et al., 1961).

3.2.12. Estimation of glutathione (GSH):

Estimation of reduced glutathione in liver was carried out using

a colorimetric kit (catalog number GR2510, Biodiagnostic, Egypt).

(@) Principle:

The method was based on the reduction of 5,5-dithiobis(2-
nitrobenzoic acid)(DTNB) with glutathione (GSH) to produce a
yellow compound. The extent of the reduced chromogen formation
was directly proportional to GSH concentration. Its absorption was
measured at 405 nm (Beutler et al., 1963).

(b) Sample:

Appropriate concentration of fresh tissue homogenate.

(c) Reagents:

Table 3.9: Reagents used for estimation of GSH.

I | Trichloroacetic acid (TCA) [R1] 500 mmol/L
2 | Buffer [R2] 100 mmol/L
3| DTNB [R3] 1mmo/L

(d) Procedure:
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Table 3.10: Procedure was used for estimation of GSH.

Homogenate | Blank (ml)
(ml)

Sample 0.5 /

Distell water |/ 0.5

R1 0.5 0.5

Contents were mixed well and allowed to stand
for 5 min at room tempreature The tubes were
centrifuged at 3000 rpm for 15 min. then, the

following were mixed.

R? 1.0 1.0

R3 0.1 0.1

The contents were mixed well, and the
absorbance was measured at 405 nm after 5-10

min against sample blank.

(e) Calculation:

Concentration of reduced glutathione (GSH) was calculated on basis of

mg/mg protein:

Asamplex66.6xVt

GSH (mg / mg protein) =

mg protein xXVs
Where:

homogenate (ml); V= Volume of estimation (ml); W= Weight of tissue

A mpe= Absorbance of sample; V= Total volume of

used in gram; 66.6 = Extinction coefficient of reduced glutathione.
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3.2.13. Assay of lipid peroxidation:

The assay for lipid peroxides in the liver was performed by
thiobabituric acid reaction method as described by Ohakawa et al.
(1979).

(a) Test principle:

The method was based on the reaction of one molecule of
malondialdehyde (MDA) with two molecules of thiobarbituric acid
(TBA) forming pink chromogen to be measured at532 nm.

(b) Reagents:

1- Sodium dodecyl sulfate (SDS) (8.1 % w/v) was prepared by
dissolving 8.1g SDS in a 100ml distilled water.

2- Acetic acid (20% v/v) was prepared by mixing 20 ml of acetic
acid with 100 ml distilled water and the pH was adjusted to 3.5
with two pellets of NaOH

3- Thiobarbituric acid (TBA, 0.8%) was prepared by dissolving 0.8
g in 100ml distilled water stable for one week at room temperature.
4- n-butanol and pyridine (15:1 v/v) was prepared by mixing 15 ml

of n-butanol with 1ml of pyridine.
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(d) Procedure:

The method consisted of the addition of the following into a
centrifuge tube: 0.2 ml of the tissue homogenate, 0.2 ml of 8.1%of
SDS solution, 1.5 ml of 20% acetic acid solution and 1.5 ml of 0.8
% solution of TBA. The volume was made up to 4 ml with distilled
water and the solution was mixed and heated in a water bath at
95°C for 60 min.

The tubes were cooled with tap water, 1 ml of distilled water and 5
ml of the mixture of n- butanol and pyridine (15:1) were added and
the contents were shaken vigorously. The tubes were centrifuged
for 15min at 4000 rpm. After centrifugation, the organic layer was
taken off and its absorbance was measured against blank at 532

nm.

(c) Calculation:

The level of MDA was calculated on bases of uM/g fresh

tissue according to following equations:

C xVt
Wt XVs

MDA (uM/g fresh tissue) =

C=  Concentration of MDA in (uM), which was calculated from
a typical MDA calibration curve generated using
Malondialdehyde (NWLSS MDAO1, Northwest Life Science
Specialties) assay employing a standard procedure.
(Botsoglou, 1994).

V= Total volume of homogenate in (ml).

Vs=Volume of estimation (ml).

W= Fresh weight of tissue used in gram.
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3.2.14. Estimation of LDH:

Determination of lactate dehydregenase in tissue was carried out

using a kinetic assay based kit (Centronic GmbH, Germany).

(a) Principle:

NADH and pyruvate were converted to lactate and NAD™
LDH
Pyruvate + NADH + H* —  Lactate + NAD"
The decrease in NADH (NADH oxidation) was directly
proportional to the LDH activity. The rate of the formed NAD*
was determined by the decrease in absorbance at 340 nm (Klin,
1970 and 1972).

(b) Concentration of working solution:
Table 3.11: Concentration of different reagents used for

estimation of LDH.

Buffer (R,) Concentration
*TRIS-Buffer, pH 7.5 50 mmol/L
Pyruvate 0.6 mmol/L
*Sodium Azide 0.09%

Starter (Ry) Concentration
*NADH 0.18mmol/L
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(c) Assay procedure:

Table 3.12: Method used for estimation of LDH.

The following were pipetted into a cuvette:

Buffer (R,) 1.0mi
Sample 0.02ml
Starter reagent (R,) 0.200 mi

The contents were mixed well immediately after addition of the sample. The
absorbance was measured after 30 seconds at 340 nm, and the measurements
were repeated every minute for 5 minutes. The difference in absorbance was
determined (AA/ min).

(d) Calculation:

The level of LDH in tissue homogenate was evaluated as 1U/mg protein

according to:

AAX VEx 1000
6.22 X VsxTminxmg protein

LDH (IU/mg protein) =

Where:
AA = Difference in absorbance between 1., and 5nin. ;
V= Total volume of homogenate (ml); Vs= Volume of estimation (ml);

Tmin= Time in minute; Wt= weight of fresh tissue used in gram.;
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6.22x10°= Millimolar extinction coefficient of R-NADPH at 340 nm.
(Noltmann et al., 1961).

3.2.16. Estimation of phosphate:
Phosphate was estimated by the well-known method of Fiske and
Subbarow as described by Marinetti (1962).

(a) Test principle:

The method was based on the reaction of phosphate ions with
ammonium molybdate to form complex structures such as ammonium
phosphomolybdate, which was converted to molybdenum blue using a
heteropolymer, 1-amono-2-naphthol-4-sulfonic acid (ANSA) as a

reducing agent, and absorbance was measured at 700 nm.

(b) Reagents:

1. Working standard solution: 10pg of inorganic phosphate /ml was
prepared by diluting 5 ml of refrigerated stock solution (0.43g potassium
dihydrogen phosphate /500ml distilled water) to 100ml with distilled
water in volumetric flask.
2. Ammonium molybdate solution (2.5%w/v) was prepared by dissolving
2.5g of ammonium molybdate in 100 ml distilled water.
3. Perchloric acid (62%).
4. Reducing reagent:
(@) Sodium sulfite (20% w/v): 20g of sodium sulfite was
dissolved in 100 ml of distilled water.
(b) Sodium metabisulfite (15%w/v): 15g sodium metabisulfite
was dissolved in 100 ml of distilled water.
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(c) Reducing reagent (1-amino-2-naphthol-4-sulphonic acid
—ANSA): was prepared by taking 45ml of (15%w/v) sodium
metabisulfite, 0.125gm of ANSA and 5 ml of (20%w/v)sodium
sulfite, which was added dropwise to make up the volume to

50ml. The reagent was stable for a week at room temperature.

(c) Procedure:

100ul of liver tissue homogenate or its organic solvent extract
aliquots were pipetted into 18 X150mm test tubes (corning). 1.0 ml of
perchloric acid (62%) was added and the sample was heated in a digester
for 2 hr or until the sample became clear. After complete digestion, the
samples were cooled at the room temperature.
Thereafter, 1.5 ml of ammonium molybdate (2.5%wi/v), 0.2 ml of
reducing agent, and 7.0 ml of distilled water were added to them. The
contents were mixed after each addition, and the tubes were heated in a
boiling water bath for 7 min. The intensity of developed blue color was
read at 700nm. A typical calibration curve [Figure 2.2] was drawn by
standard procedure taking 1 to 10 pg of phosphorus and the blank was

prepared without sample aliquot.

(d) Calculation:

The inorganic phosphate level in homogenate was evaluated on

basis of mg/g fresh tissue

CugxVt

Phosphate (mg/gm fresh tissue) = Vex WEx 1000

Where:
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C=  Concentration of phosphate in ug which was
evaluated from standard curve.
Vt= Total volume of the lower layer (ml).
V= Volume taken for estimation (ml).
W= Fresh weight of the tissue in gram.

1000= Factor to convert units from pg to mg.

1.6

ABSORBANCE AT 700nm

0.0 * * * * * * * * *
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

CONCENTRATION OF INORGANIC PHOSPHATE IN MICROGRAM

Figure 3.2.:  Stander curve for inorganic phosphate.

3.2.17. Tissue fixing and sectioning:

Representative pieces of liver were fixed in Bouin’s reagent (75ml
saturated aqueous picric acid 1.22% (w/v), 25 ml formalin and 5 ml
glacial acetic acid) for 18 hr. The next day, they were washed twice in
50% (v/v) ethanol and twice in 70 % (v/v) ethanol to remove picric acid
and then stored in 70 % (v/v) ethanol until processed as outlined below.
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3.2.18 Paraffin processing:

The tissue was dehydrated in graded ethanol series and clearing
was carried out using toluene. It was infiltrated using paraffin wax with a
melting point of 57°C. The automated rotary tissue processor was used
that contained 12 solution stations. The fixed tissue was placed in
baskets, which were then rotated at suitable time intervals through the
dehydration, clearing agents and wax solutions with agitation. A

summary of the cycles used to process the tissue is shown in table (3.4).

Table 3.13: Cycles used to process tissues for sectioning:

Duration Solution Station
1hr 50% ethanol 1
1 hr 70% ethanol 2
1hr 90% ethanol 3
1hr Absolute ethanol 4
1hr Absolute ethanol 5
1hr Toluene 6
1hr Toluene 7
lhr Wax 8
lhr Wax 9
Y hr Wax vacuum embedder 25 mmHg 10

Following these cycles, the tissue pieces were blocked in paraffin wax
(melting point 57°C).
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3.2.19.  Cutting and staining of the sections:

Paraffin 4pum thick sections were cut on a rotary microtome. Once
a ribbon was formed it was floated on a water bath heated to 45°C and a
single square lifted onto a slide. During the process, blocks to be cut
were left on ice. Sections mounted on slides were incubated overnight in
an oven at 45°C to dry. Sections were then dewaxed in toluene for 2 min,
drained and the process repeated.
The drained sections were then taken to water gradually by using a
decreasing alcohol series; agitating and drying each time. The hydrating
fluids were 100% ethanol twice, 70% ethanol (v/v) and sterile water.
Haematoxyline was used to stain the nuclei for 2 min, before the sample
was drained and rinsed in water. Sections were then quickly immersed in
1% (v/v) acid alcohol [70% ethanol, 1 % HCI (v/v)] and rinsed in water,
washed in alkaline rinse (0.15g lithium carbonate in 300ml sterile water)
with agitation ten times and again rinsed in water. To stain the cytoplasm,
sections were dehydrated by washing them ten times in 70% ethanol (v/v)
with agitation and draining, and were dipped in eosin for 1min. Sections
were dehydrated by three washes (with agitation) in absolute ethanol.
Sections were then washed in toluene three times with agitation and
drying. The resin DePex was then used to mount cover slips onto the
slides, which were left to dry at room temperature.
3.3. Statistical analysis:
Data were analyzed by a commercially available Statistical Package for
Social Sciences (SPSS) program for Windows software. P-values <0.05
were regarded as statistically significant. One-way Analysis of Variance
(ANOVA) test was performed and post hoc multiple comparisons were

done with least-squares differences (LSD).
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Table. 4.1.1: Body weight in mice feeding on high fat diet (HFD )(

Mean =+ S.D.).
CONTROL | HFD1 HFD2 HFD3
N =5 N =5 N =5 N =5
Body weight (gm) | 32.50+0.79 | 31.20+0.71| 31.30+1.89 | 31.20+0.71

N: Number of animals

* denotes significance at p<0.05 when compared to control

HFD1= weight of of high fat diet group mice at first day of feeding

HFD2= weight of high fat diet group after two weeks of feeding high fat diet

HFD3= weight of high fat diet group after five weeks of feeding high fat diet

HFD3

E WEIGHT

Fig .4.1.1: Histogram of Body weight in mice feeding on

hiah fat diet .
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Table. 4.1.2: Fasting serum glucose concentration in mice feeding on
high fat diet (Mean £ S.D.)

Group | CONTROL | HFD1 HFD2 HFD3
N =5 N =5 N =5 N =5

Parameter

FBS (mg/dl) 22529 196+38 249+47 322+63*

N: Number of animals
* denotes significance at p<0.05 when compared to control

HFD1= fasting serum glucose concentration of high fat diet group mice at first day of
feeding

HFD2= fasting serum glucose concentration of high fat diet group after two weeks of
feeding high fat diet

HFD3= fasting serum glucose concentration of high fat diet group after five weeks of
feeding high fat diet

CONTROL

Fig .4.1 .2: Histogram of Serun glucose concentration in mice
feeding on high fat diet .
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Table. 4.1.3 :Adiponectin concentration in mice feeding on high fat
diet (Mean £S.D.)

Group § Control Control HFD 2WKS HFD 5WKS
2WKS 5WKS

Parameter

Adiponectin 2.67+0.72 2.60+0.90 3.60+0.33* 3.50+0.54

ug/ml

N: Number of animals
* denotes significance at p<0.05 when compared to control.

Control 2wks=mean adiopnectin concentration after two weeks in control group.
Control 5wks=mean adiopnectin concentration after five weeks in control group.
HFD 2wks= mean adiopnectin concentration after two weeks in high fat diet group.

HFD 5wks = mean adiopnectin concentration after five weeks in high fat diet group.

4.5

3.5

25

1.5

0.5

control wik2HFD wkSHFD
M Adeponictin

Fig .4.1.3 : Histogram of adiponectin concentration in mice
feeding on high fat
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Table.4.1. 4: Hepatic Glutamic-Pyruvic Transaminase (GPT)
activity in mice feeding on high fat diet ( Mean + S.D).

Control HFD
Group N = N =
parameter
GPT
IU/mg protein
2.60+1.90 8.90+1.75*

N: Number of animals

* denotes significance at p<0.05 when compared to control

GPT Glutamic-Pyruvic Transaminase

high fat diet.

Fig.4.1. 4: Histogram of Hepatic GPT activity in mice feeding on
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Table .4.1.5: Hepatic Glutamate-oxaloacetate transaminase

(GOT) enzyme activity in mice feeding on high fat diet ( Mean £
S.D).

Group f Control HFD

Parameter

GOT( 1U/mg protein) 4.7+1.3 7.8+2.5

N: Number of animals
* denotes significance at p<0.05 when compared to control

GOT : Glutamate-oxaloacetate transaminase

CONTROL

Fig .4.1 .5: Histogram of Hepatic GOT activity in mice feeding
on high fat diet .
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Table. 4.1.6: Hepatic alkaline phosphatase activity in mice feeding
on high fat diet ( Mean £S.D.)

Control HFD
N=5 N=5

Parameter

ALKP (1U/mg protein) 3.90+0.98 1.65+0.10

N: Number of animals
* denotes significance at p<0.05 when compared to control

ALKRP: alkaline phosphatase

Control

Fig .4.1.6: Histogram of Hepatic Liver alkaline phosphatase
activity in mice feeding on high fat diet.
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Table.4.1.7: Hepatic glucose 6-phosphate dehydrogenase activity in
mice feeding on high fat diet ( Mean = S.D.).

Control HFD
N=5 N=5

Parameter

G6PDH (1U/mg protein) | 519+31.7 285+8.9%

N: Number of animals
* denotes significance at p<0.05 when compared to control

G6PDH= glucose 6-phosphate dehydrogenase.

Control

Fig .4.1.7.Histogram of Hepatic glucose 6-phosphate
dehydrogenase in mice feeding on high fat.
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Table.4.1. 8: reduced glutathione activity in mice feeding on high fat
diet (Mean £S.D.).

Group j Control HFD

Parameter

GSH (mg/ mg protein) 24.9+4.4 21.0£3.3

N: Number of animals.
* denotes significance at p<0.05 when compared to control.

GSH : reduced glutathione .

Fig .4.1.8:Histogram of Hepatic reduced glutathione activity
in mice feedina on hiah fat.
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Table. 4.1.9: lipid peroxidation activity in mice feeding on high fat
diet (Mean £S.D.).

Group j Control HFD
N=5 N=5

Parameter

LPO (uM/g fresh tissue) J110+13.4 214+8.3*

N: Number of animals
* denotes significance at p<0.05 when compared to control

LPO : lipid peroxidation

CONTROL

Fig .4.1.9:Histogram of Hepatic lipid peroxidation activity in
mice feeding on high fat diet .
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Table.4.1.10: Hepatic lactate dehydrogenase activity and phosphate
content in mice feeding on high fat diet ( Mean + S.D.).

Group j Control HFD
N=5 N=5

Parameter
LDH (IU/mg protein) 1087 +472 824 +30

PO4 (mg/g fresh tissue) | 24.8 £13.6 22 +7.5

N: Number of animals
* denotes significance at p<0.05 when compared to control

LDH : lactate dehydrogenase.

PO4: Inorganic phosphate.

control HFD

Fig .4.1.10: Histogram of Hepatic Hepatic lactate dehydrogenase activity
and phosphate content in mice feeding on high fat diet.
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Table. 4.1.11: Body weight in mice feeding on high fat diet and on

cold stress (HFDC) ( Mean £S.D.).

HFD1 | HFDC1 JHFD2 JHFDC2 | HFD3 HFDC3
31.37+2. | 32.34% 31.28+ | 32.65+ 31.22+ 31.78+
7126 1.89 1.52 0.71 2.61

N: Number of animals
* denotes significance at p<0.05 when compared to high fat diet
HFD1= weight of of high fat diet group mice at first day of feeding
HFD2= weight of high fat diet group after two weeks of feeding high fat diet
HFD3= weight of high fat diet group after five weeks of feeding high fat diet
HFDC1= weight of of high fat diet and cold stress group mice at first day of feeding
HFDC= weight of high fat diet cold stress group after two weeks of feeding high fat diet

HFDC3= weight of high fat diet cold stress group after five weeks of feeding high fat diet

HFD1 HFDC1 HFD2 HFDC2 HFD3

H WEIGHT

Fig .4.1.11:Histogram of Body weight in mice feeding on
high fat diet and on cold stress.
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Table. 4.1.12: Fasting serum glucose concentration in mice feeding
on high fat diet and on cold stress (HFDC) ( Mean = S.D.).

Group

Paramet HFD1 | HFDC1 JHFD2 | HFDC2 | HFD3 HFDC3

FBS 196+38 | 206+18 | 249+47 | 205151 | 322463 | 232+27*
(mg/dl)

N: Number of animals
* denotes significance at p<0.05 when compared to high fat diet group

HFD1= fasting serum glucose of of high fat diet group mice at first day of feeding

HFD2= fasting serum glucose of high fat diet group after two weeks of feeding high fat diet
HFD3= fasting serum glucose of high fat diet group after five weeks of feeding high fat diet
HFDC1= fasting serum glucose of of high fat diet and cold stress group mice at first day of feeding

HFDC2= fasting serum glucose of high fat diet cold stress group after two weeks of feeding high fat
diet

HFDC3= fasting serum glucose of high fat diet cold stress group after five weeks of feeding high fat
diet

HFD1 HFDC1 HFD2 HFDC2 HFD3 HFDC3

M FBS

Fig .4.1.12: Histogram of glucose concentration in mice
feedina on hiah fat diet and on cold stress.
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Table. 4.1.13: Adiponectin concentration in mice feeding on high fat
diet and on cold stress (HFDC) ( Mean = S.D.).

Group | HFD 2wk HFDC 5wk | HFD 2wk | HFDC 5wk

Parameter
Adiponectin
(ng/ml)

3.59+0.33 2.86+0.30* 3.45+0.55 3.11+0.21

N: Number of animals
* denotes significance at p<0.05 when compared to high fat diet group.

HFD2wks=mean adiopnectin concentration after two weeks in high fat diet group.
HFD 5wks= mean adiopnectin concentration after five weeks in high fat diet group.

HFDC2wks= mean adiopnectin concentration after two weeks in high fat diet and
cold group.

HFDC 5wks= mean adiopnectin concentration after five weeks in high fat diet and
cold group.

Fig .4.1.13: Histogram of adiponectin concentration in
mice feeding on high fat and on cold stress.
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Table. 4.1.14: Hepatic Glutamic-Pyruvic Transaminase (GPT)ctivity
in mice feeding on high fat diet and on cold stress (HFDC) ( Mean %
S.D).

Group | HFD HFDC

Parameter N=5 N=5

GPT( 1U/mg protein) 8.9+1.75 4.3+0.727*

N: Number of animals
* denotes significance at p<0.05 when compared to high fat diet group

GPT: Glutamic-Pyruvic Transaminase

Fig .4.1.14: Histogram of Hepatic GPT activity in mice feeding
on high fat and on cold stress .
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Table.4.1.1 5 : Hepatic Glutamate-oxaloacetate transaminase
(GOT) enzyme activity in mice feeding on high fat diet and on cold
stress (HFDC) (Mean = S.D.).

Group | HFD HFDC

Parameter N=5 N=5

GOT (1U/mg protein) 7.8+£2.5 1.6+0.9*

N: Number of animals.
* denotes significance at p<0.05 when compared to high fat diet group.

GOT: Glutamate-oxaloacetate transaminase.

Fig 4.1.15:Histogram of Hepatic GOT activity in mice
feeding on high fat diet and on cold stress.
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Table. 4.1.16: Hepatic alkaline phosphatase activity in mice feeding
on high fat diet and on cold stress (HFDC) ( Mean + S.D.)

Group | HFD HFDC

Parameter N=5 N=5

ALKP( 1U/mg protein) | 1.65+0.10 6.95+1.47*

N: Number of animals
* denotes significance at p<0.05 when compared to high fat diet group

ALKP: alkaline phosphatase

9
8
7
6
5
a
3
2
1
0

Fig .4.1.16: Histogram of Hepatic Liver alkaline phosph -
atase activity in mice feeding on high fat and on cold stress.
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Table.4.1.17: Hepatic glucose 6-phosphate dehydrogenase activity
in mice feeding on high fat diet and on cold stress (HFDC) ( Mean £
S.D).

Group | HFD HFDC

Parameter N=5 N=5

G6PDH( 1U/mg protein) [ 285+10 591+6*

N: Number of animals .
* denotes significance at p<0.05 when compared to high fat diet group.

G6PDH:  glucose 6-phosphate dehydrogenase.

Fig .4.1.17: Histogram of Hepatic glucose 6-phosphate
dehydrogenase in mice feeding on high fat and on cold stress.
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Table.4.1. 18: reduced glutathione activity in mice feeding on high

fat diet and on cold stress (Mean = S.D.).

Group | HFD HFDC
Parameter N=5
GSH (mg/ mg protein) 29+12*

N: Number of animals

* denotes significance at p<0.05 when compared to high fat diet group

GSH : reduced glutathione

Fig .4.1.18: Histogram of Hepatic reduced glutathione activity
in mice feeding on high fat and on cold stress .
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Table.4.1.19: lipid peroxidation activity in mice feeding on high fat
diet and on cold stress (Mean = S.D.).

Group | HFD HFDC
parameter N=5
LPO (uM/g fresh tissue) 90+5.2*

N: Number of animals.
* denotes significance at p<0.05 when compared to high fat diet group.

LPO : lipid peroxidation.

Fig .4.1.19:Histogram of Hepatic lipid peroxidation activity in
mice feeding on high fat and on cold stress.
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Table.4.1.20: Hepatic lactate dehydrogenase activity and phosphate
content in mice feeding on high fat diet and on cold stress (HFD&C)
(Mean £S.D.).

Group | HFD HFD&C
Parameter N=5 N=5

LDH ( 1U/mg protein) 824130 1793+19*

PO4 ( mg/g fresh tissue) | 2248 38+19

N: Number of animals
* denotes significance at p<0.05 when compared to high fat diet group

LDH : lactate dehydrogenase.

PO4 :Inorganic phosphate.

HED

Fig .4.1.20: Histogram of Hepatic Hepatic lactate dehydroge -nase
activity
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Table .4.1.21: Body weight in mice feeding on normal diet and mice
feeding normal diet and on cold stress ( Mean + S.D.).

Group | Control NDC1 NDC2 NDC3
N=5 N=5 N=5 N=5

Parameter

Weight (gm) |32.5+0.9 31.9+24 24.60+1.97* 24.55+3.63*

N: Number of animals
* denotes significance at p<0.05 when compared to control
NDC1= weight of normal diet and cold stress group at first day of feeding.

NDC2= weight of normal diet and cold stress group after two weeks of feeding.

NDC3= weight of normal diet and cold stress group after five weeks of feeding.

CONTROL NDC1 NDC2 NDC3

H WEIGHT

Fig :4.1.21.Histogram of Body weight in mice feeding on
normal diet and mice feeding normal diet and on cold stress.
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Table.4.1.22: Fasting serum glucose concentration in mice feeding on

normal diet and mice feeding normal diet and on cold stress ( Mean
+S.D.).

Group | Control NDC1 NDC2 NDC3
N=5 N=5 N=5 N=5
Parameter
FBS(mg/dl) 196+38 171433 209455 211420

N: Number of animals
* denotes significance at p<0.05 when compared to control.

FBS: Fasting serum glucose concentration.
NDC1= FBS of normal diet and cold stress group at first day of feeding.
NDC2= FBS of normal diet and cold stress group after two weeks of feeding.

NDC3= FBS of normal diet and cold stress group after five weeks of feeding.

CONTROL

Fig .4.1.22: Histogram of glucose concentration in mice
feeding on normal diet and on cold stress .
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Table. 4.1.23: Adiponectin concentration in mice feeding on normal

diet and on cold stress ( Mean + S.D.).

Group | CONTROL CONTROL NDC NDC
2WKS 5WKS 2WKS 5WKS
Parame N=5 N=5 N=5 N=5
Adiponectin 2.70+0.7 2.60+0.9 3.04+0.15 3.12+0.28
(ng/ml)

N: Number of animals
* denotes significance at p<0.05 when compared to control

Control 2wks=mean adiopnectin concentration after two weeks in control group

Control 5wks= mean adiopnectin concentration after five weeks in control group

NDC 2wks= mean adiopnectin concentration after two weeks in chow diet and cold

stress group.

NDC 5wks= mean adiopnectin concentration after five weeks in chow diet and cold

stress group.

Fig .4.1.23:Histogram of adiponectin concentration in mice
feeding on normal diet and on cold stress.
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Table.4.1.24: Hepatic Glutamic-Pyruvic Transaminase (GPT)ctivity
in mice feeding on on normal diet and mice feeding normal diet and
on cold stress ( Mean = S.D.).

Group [ Control NDC
parameter N=5 N=5

GPT (IU/mg protein) 2.6+1.9 7.95£1.7*

N: Number of animals
* denotes significance at p<0.05 when compared to control

GPT : Glutamic-Pyruvic Transaminase

Fig .4.1.24: Histogram of Hepatic GPT activity in mice
feeding on on normal diet and mice feeding normal diet and
on cold stress.
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Table. 4.1.25: Hepatic Glutamate-oxaloacetate transaminase
(GOT) enzyme activity in mice feeding on on normal diet and mice
feeding normal diet and on cold stress ( Mean = S.D.).

Group [ Control NDC
parameter N=5 N=5
8.7+£2.0*

GOT (1U/mg protein) 4.7£1.3

N: Number of animals
* denotes significance at p<0.05 when compared to control

GOT : Glutamate-oxaloacetate transaminase

CONTROL

Fig .4.1.25: Histogram of Hepatic GOT activity in mice
feeding on on normal diet and mice feeding normal diet and

on cold stress .
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Table. 4.1.26: Hepatic alkaline phosphatase activity in mice feeding
on normal diet and mice feeding normal diet and on cold stress (

Mean = S.D.).
Group [ Control NDC
parameter N=5 N=5
ALKP( 1U/mg protein) 3.90+0.98 2.50£0.70

N: Number of animals

* denotes significance at p<0.05 when compared to control

ALKRP: alkaline phosphatase

Fig .4.1.26: Histogram of Hepatic Liver alkaline phosphatase
activity in mice feeding on normal diet and mice feeding
normal diet and on cold stress
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Table. 4.1.27: Hepatic glucose 6-phosphate dehydrogenase activity in
mice feeding on normal diet and mice feeding normal diet and on
cold stress ( Mean £S.D.).

Group [ Control NDC
parameter N=5 N=5

G6PDH( 1U/mg protein) | 519 +31.7 33746.3*

N: Number of animals
* denotes significance at p<0.05 when compared to control

G6PDH : glucose 6-phosphate dehydrogenase

CONTROL

Fig .4.1.27: Histogram of Hepatic glucose 6-phosphate
dehydrogenase in mice feeding on normal diet and mice
feeding normal diet and on cold stress.
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Table.4.1. 28: reduced glutathione activity in mice feeding on ( M

normal diet and mice feeding normal diet and on cold stress mean *
S.D.).

Group j Control NDC

parameter N=5 N=5

GSH (mg/ mg protein) 24914 .4 69+4.0*

N: Number of animals
* denotes significance at p<0.05 when compared to control

GSH : reduced glutathione

Fig .4.1.28: Histogram of Hepatic reduced glutathione
activity in mice feeding on normal diet and mice feeding
normal diet and on cold stress.
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Table. 4.1.29: lipid peroxidation activity in mice feeding on normal
diet and mice feeding normal diet and on cold stress ( Mean + S.D.).

Group [ Control NDC
parameter N=5 N=5

LPO (uM/g fresh tissue) §110+13.4 236x2.5*

N: Number of animals .
* denotes significance at p<0.05 when compared to control.

LPO : lipid peroxidation.

Fig .4.1.29: Histogram of Hepatic lipid peroxidation activity
in mice feeding on normal diet and on cold stress.
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Table.4.1. 30: Hepatic lactate dehydrogenase activity and phosphate
content in mice feeding on (normal diet and mice feeding normal diet

and on cold stress Mean = S.D.).

Group [ Control NDC
parameter N=5 N=5
LDH (1U/mg protein) 1087 +472 752.9+21
PO4 ( mg/g fresh tissue) | 24.8 £13.6 29.42+4.6

N: Number of animals

* denotes significance at p<0.05 when compared to control

LDH : lactate dehydrogenase

PO4 : phosphate

Fig .4.1.30: Histogram of Hepatic Hepatic lactate
dehydrogen -ase activity and phosphate content in mice
feeding on normal diet and mice feeding normal diet and on
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Table . 4.1.31: Body weight in mice feeding on normal diet and mice

feeding normal diet and on dark stress (NDD) ( Mean = S.D).

group | Control NDD1 NDD2 NDD3
Parameter
Weight (gm) | 25.82+1.83* 24.65%£1.29* 32.10+2.43 32.47%0.79

N: Number of an

imals

* denotes significance at p<0.05 when compared to control

NDD1= weight of of dark group mice at first day of feeding.

NDD2= weight of dark group after two weeks of feeding.

NDD3= weight ofdark group after five weeks of feeding.

CONTROL

NDD3

H WEIGHT

Fig .4.1.31: Histogram of Body weight in mice feeding on

normal diet and mice feedina normal diet and on dark. stress
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Table.4.1.32: Fasting serum glucose concentration in mice feeding on
normal diet and mice feeding normal diet and on dark stress(NDD) (
Mean = S.D.)

Group | Control NDD1 NDD2 NDD3

Parameter

FBS

170+37.96 170+41.68 203+55.47 302+68.70*

N: Number of animals
* denotes significance at p<0.05 when compared to control.

NDD1= fasting serum glucose concentration of dark group mice at first day of
feeding

NDD2= fasting serum glucose concentration of dark group after two weeks of feeding

NDD3= fasting serum glucose concentration of dark group after five weeks of feeding

CONTROL

Fig .4.1.32 : Histogram of glucose concentration in mice
feeding on normal diet and mice feeding normal diet and on
dark stress .
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Table. 4.1.33: Adiponectin concentration in mice feeding on normal
diet and mice feeding normal diet and on dark stress ( Mean + S.D.)

CONTROL CONTROL NDD NDD
2WKS 5WKS 2WKS 5WKS
Parameter
Adiponectin 2.70+0.72 2.60+0.90 2.76+0.36 2.98+0.31
(ng/ml)

N: Number of animals
* denotes significance at p<0.05 when compared to control

Control 2wks=mean adiopnectin concentration after two weeks in control group
Control 5wks= mean adiopnectin concentration after five weeks in control group

NDD 2wks= mean adiopnectin concentration after two weeks in chow diet and dark
stress group.

NDD 5wks= mean adiopnectin concentration after five weeks in chow diet and dark
stress group.

Fig .4.1.33:Histogram of adiponectin concentration in mice
feedina on normal diet and mice feedina normal diet and on
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Table. 4.1.34: Hepatic Glutamic-Pyruvic Transaminase (GPT)
activity in mice feeding on normal diet and mice feeding normal diet
and on dark stress ( Mean + S.D.).

Control NDD

parameter

GPT IU/mg protein 2.6+1.9 8.4+1.9*

N: Number of animals.
* denotes significance at p<0.05 when compared to control.

GPT= Glutamic-Pyruvic Transaminase

Fig .4.1.34: Histogram of Hepatic GPT activity in mice feeding
on normal diet and mice feeding normal diet. and on dark stress
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Table . 4.1.35 : Hepatic Glutamate-oxaloacetate transaminase
(GOT) enzyme activity in mice feeding on normal diet and mice
feeding normal diet and on dark stress(NDD) ( Mean = S.D.)

Group | CONTROL NDD

Parameter

GOT IU/mgprotein 4.7£1.3 5.22+1.28

N: Number of animals.
* denotes significance at p<0.05 when compared to control.

GOT : Glutamate-oxaloacetate transaminase .

CONTROL

Fig 4.1.35: Histogram of Hepatic GOT activity in mice feeding on
normal diet and mice feeding normal diet and on dark stress.
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Table.4.1.36: Hepatic alkaline phosphatase activity in mice feeding

on normal diet and mice feeding normal diet and on dark stress (
Mean = S.D.).

Control NDD
N=5 N=5

Parameter

ALKP IU/mg protein 3.90+0.98 4.3£1.2

N: Number of animals
* denotes significance at p<0.05 when compared to control

ALKP= alkaline phosphatase

Fig .4.1.36: Histogram of Hepatic Liver alkaline phosphatase
activity in mice feeding on normal diet and mice feeding normal
diet and on dark stress.
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Table.4. 1.37: Hepatic glucose 6-phosphate dehydrogenase activity in
mice feeding on normal diet and mice feeding normal diet and on
dark stress ( Mean £S.D.)

Group [ Control NDD
N=5 N=5
Parameter
G6PDH 1U/mg protein 519 £31.7 227.6+10.6*

N: Number of animals .
* denotes significance at p<0.05 when compared to control.

G6PDH : glucose 6-phosphate dehydrogenase.

Control

Fig .4.1.37: Histogram of Hepatic glucose 6-phosphate
dehydrogenase in mice feeding on normal diet and mice feeding
normal diet and on dark stress.
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Table. 4.1.38: reduced glutathione activity in mice feeding on normal
diet and mice feeding normal diet and on dark stress ( Mean = S.D.).

Control NDD
N=5 N=5

Parameter

GSH mg/ mg protein 24,914 .4 68+5.6*

N: Number of animals.
* denotes significance at p<0.05 when compared to control.

GSH : reduced glutathione.

Control

Fig .4.1.38.Histogram of Hepatic reduced glutathione activity
in mice feeding on normal diet and mice feeding normal diet and
on dark stress
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Table.4.1.39: lipid peroxidation activity in mice feeding on normal
diet and mice feeding normal diet and on dark stress ( Mean = S.D.)

Group | Control NDD
N=5 N=5
Parameter

LPO uM/g fresh tissue 110+£13.4 360+11.4*

N: Number of animals
* denotes significance at p<0.05 when compared to control

LPO : lipid peroxidation

Fig 4.1.3.9: Histogram of Hepatic lipid peroxidation activity in
mice feeding on normal diet and mice feeding normal diet and on
dark stress.
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Table.4.1.40: Hepatic lactate dehydrogenase activity and phosphate
content in mice feeding on normal diet and mice feeding normal diet
and on dark stress (Mean £ S.D.).

Group j Control NDD
N=5 N=5

Parameter
LDH IU/mg protein 10871472 3297+332*
PO4 mg/g fresh tissue 24.818.6 29.449.9

N: Number of animals
* denotes significance at p<0.05 when compared to control

LDH lactate dehydrogenase

PO4 phosphate

NDD Control

control

Fig .4.1.40:Histogram of Hepatic Hepatic lactate dehydrogenase
activity and phosphate content in mice feeding on normal diet and
mice feeding normal diet and on dark stress
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4.2 Histological Results:
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CHAPTER 3



JACUSON




5.0.DISCUSSION

Stress has been thought to take part in the pathogenesis of many diseases,
though its mechanisms of action and role as a risk factor remain be fully
understood. It is known that stress exerts its actions through the
stimulation of the sympatho-adrenomedullary activity that is responsible
for the fight and flight responses. It is the body’s main mechanism of
weight loss, which is mediated through the [B-adrenoceptor—mediated
lipolysis and inhibition of adipocyte proliferation (Bowers, R.R.,2004) in
white adipose tissue (WAT), and stimulation of thermogenesis in brown
adipose tissue (BAT) (Bachman, E.S. ,2002). The increase in sympathetic
activity in obese humans due to stress (Turtzo, L.C. ,2002) indicates that
B-adrenergic activity might compensate for other factors that promote
weight gain. These factors include neuropeptide Y (NPY), a peptide
derived from the brain and sympathetic nerves that has potent orexigenic
activity, favoring the intake of carbohydrate-rich foods (Kalra, S.P.
2004).

Insulin resistance, impaired glucose metabolism and type 2 non-insulin
dependent diabetes (NIDDM) are at least in part caused by high fat diet
(American Diabetes Association.1987- Glueck, C. J.,1969- Himsworth,
H. P.1935- Kolterman, O. G.,1979 - Reaven .,1967- Storlien.,1968).
These, in addition to the direct effect of high fat diet could eventually
cause coronary artery disease and stroke (Lipid Research Clinics
Program. ,1984). The molecular changes underlying these pathological
changes are still partly obscure and a matter of intensive investigation.
However, it is believed that decreased glucose uptake into skeletal muscle

and adipose tissue, and the inhibition of glycolysis and glycogen
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synthesis are caused by the impact of high fat diet on the representing
insulin receptors in these organs (Anderson., 1982- Anderson., 1985). As
a result glycogen storage and glucose oxidation will be affected, and on
the contrary gluconeogenesis will be increased. These complications are

common in many diabetic patients

High fat diet may lead to increased synthesis of cholesterol, which would
associat with elevation of low density lipoproteins (LDL) in addition to
the elevation of the very low density lipoproteins (VLDL). Both are lipid
species known for their association with arteriosclerosis.

Increased uptake of high fat diet challenges the tissue entry of glucose,
and enhances glucose production increasing blood glucose and initiating
events leading to insulin resistance (Glueck., 1969- Anderson., 1985-
Reaven.,1967).

Glucocorticoids enhance the secretion of VLDL from the liver thus
increasing tissue delivery of triglycerides. Glucocorticoids levels are
elevated through the hypothalamic-pituitary axis. It is believed that this
axis is influenced by high fat diet (Brindley., 1981-Hulsmann.,1978- 35).
This finding was demonstrated by an experiment using high fat diet in
perfused liver and monolayer cultures of hepatocytes (Bartlett, 1988-
Mangiapane., 1985). This is exaggerated by the decrease in the
hydrolysis of VLDL as a result of the inhibition of lipoprotein lipase by
the glucocorticoid hormones (Taylor.,1988). Pertinent to this is the weak
degradation of LDL, which is proven to be experimentally caused by
dexamethasone, the synthetic glucocoricoid, and explained by the
lowered binding of LDL to hepatic receptors (Goldstein., 1977).
Furthermore, glucocorticoids increase the breakdown of triglycerides,

glycogen and proteins, thus antagonizing the actions of insulin. Amino
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acids released through this process could participate in the
gluconeogenesis process. All these effects are shared by glucocorticoids
and high fat diet, therefore the effects seen because of high fat diet could
be mediated through the release of glucocorticoids.

It can be concluded that high fat diet appear to play the role of chronic
stressor. Chronic stress facilitates glucocorticoid release caused by acute
stress (Akana .,1992).

Recently, several studies suggested the important role played by
adipocytokines such as adiponectin in the regulation of energy
expenditure and mobilization. In addition significant relationships have
been drawn from related experiments linking adiponectin to sugar and

lipid metabolism through its effect on insulin tolerance.

To date the mechanism through which adiponectin affects the regulation
of metabolism is not completely understood. This was the motive for us
to design and run current study, in which we tested the effect of HFD, on

its own or combined with brief stress on mice.

This study was concerned with the effect of various forms of stress on
intermediary metabolism. The body's handling of food energy content is
subject to a complicated network of stimulating and inhibiting signals.
The mouse was chosen in this study as a model to show the effect of a
high fat diet and cold stress on the secretion and metabolic effects of

adiponectin hormone.

Several lines of evidence have recently suggested that adiponectin is

involved in regulating carbohydrate and lipid metabolism.
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In mice, systemic adiponectin treatment resulted in increased fatty acid
oxidation in muscle (Fruebis J, 2001), decreased plasma glucose level by
enhancing the ability of insulin to suppress hepatic gluconeogenesis
(Berg AH, 2001), and improved insulin sensitivity in insulin resistant
models (Yamauchi T2001). In addition, loss of the adiponectin gene in
mice reportedly resulted in decreased insulin responsiveness and
enhanced atherogenesis (Maeda N., 2002, Kubota N., 2002 ).
Furthermore, a central action of adiponectin was shown by a decrease in
body weight due to stimulation of energy expenditure (Qi Y., 2004).
Together, these data strongly suggest that adiponectin plays an important

role in preventing the development of the metabolic syndrome.

Despite the knowledge on the physiological effects of adiponectin, the
mechanism regulating its release and activity is yet to be completely

understood.

In the present study, cold exposure of mice on normal diet resulted in a

non significant increase in the serum adiponectin concentration.

In a second experiment, exposure of mice on high fat diet to cold
inhibited the rise in serum adiponectin levels. Adiponectin levels were

seen to rise by high fat diet in comparison to chow diet group.

There is considerable evidence that adiponectin levels correlate
negatively with body weight (Arita., 1999 — Weyer., 2001). In addition,
adiponectin expression is reportedly decreased in enlarged adipocytes
(Yang., 2004). However, in the present study it is noteworthy that the
body weight significantly decreased with cold exposure.
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Going with our study, Puerta et al. (Puerta M, 2002) reported that in rats,
acute cold exposure did not significantly change adiponectin expression
in WAT or serum.

In contrast to our study, (Imai et al.,, 2006) reported that, mice were
exposed to 4 °C for 24 hours, which suppressed serum adiponectin levels.
The reasons for this discrepancy may be due to differences in the

magnitude and periods of cold exposure.

In our study, mice were exposed to 4°C for 1 hour every day for five
weeks, whereas in the previous report, rats were subjected to milder cold
stimulation, i.e., 6°C for 18 hours. In a study by Imai and co-workers in
2006, mice were exposed to 4 °C for 24 hours. Alternatively, mice might

be more sensitive to cold stimulation than rats.

Not so long ago, Haman and coworkers (2004) explored the effect of cold
exposure on adiponectin levels in humans. Plasma levels of this protein
were analyzed in the samples from glycogen-depleted and glycogen-
loaded men exposed to a temperature of 10°C for 2 h. Their results
showed that (i) adiponectin levels increased significantly after 90 min of
cold exposure in both glycogen-depleted and glycogen-loaded men and
(if) changes in circulating adiponectin tended to be associated with
changes in plasma glucose oxidation rates but not with changes in lipid
oxidation rates during cold exposure (Imbeault et al. 2004a). Ongoing
studies by Haman and coworkers suggested that the observed increase in
adiponectin levels is not explained by the decrease in plasma volume
occurring during cold exposure. These results suggest that cold exposure
Is one of the few stimuli identified so far that affect adiponectin levels in

178



a short period of time in humans. However, the mechanisms underlying
the rise in adiponectin levels during cold exposure are still to be
identified. Cold exposure may therefore help to shed some light on the
acute modulation and biological actions of this adipose-derived protein in

humans.

Another interesting finding in this study is the markedly different degrees
of responsiveness to cold exposure among antioxidant/oxidant system.
Liver was affected most in cold stress model, which produces oxidative
stress (more than kidney and heart) (Emel Sahin, 2007)

It is well known that cold exposure may be reflected in an elevated
metabolic rate and also increased production of reactive oxygen species
(ROS) (Sahin, 2004). When ROS production exceeds the capacities of
protection and repair mechanisms oxidative stress occurs, resulting in
damage to proteins and lipids (Selman, 2002).

It has been demonstrated in some forms of stress, such as exercise,
starvation, cold and water-immersion restraint stress increasing the free
radical generation and lipid peroxidation, which is one of the most

important damaging effects of free radicals on tissues (Seckin, 1997).

Acute cold stress significantly decreased blood GSH levels and
perturbation of GSH metabolism in several visceral organs (Tremoto,
1998).

The physiological components of stress response to cold covers
metabolic, circulatory and hormonal processes however, the cellular and
molecular mechanisms mediating these responses remain to be

elucidated. Immobilization and acute cold stress are widely used
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experimental models accompanied by considerable decrease in

antioxidative capacity in animals (Simmons, 1991- Akhalaya, 2006).

Lipid peroxidation has been implicated in a number of deleterious effects
and increase in the levels of TBARS indicate the enhanced lipid
peroxidation leading to tissue injury and failure of antioxidant defense
mechanisms to prevent the formation of excess free radicals (Valko M.,
2007).

In the present study liver and plasma MDA levels were found to be
significantly increased in the mice exposed to cold stress when compared
to the controls.

These results are in agreement with the previous findings, which are
related to stress-induced lipid peroxidation in plasma and liver of the
animals (Akhalaya, 2006, Sahin, 2007, Cigdem Ozer, 2009).

GSH is an important endogenous defense substance against the reactive
oxygen species (ROS) and the tissue GSH concentration reflects a
potential detoxification marker. It has been previously reported that cold
stress reduced the GSH levels in liver and in the other tissues in mice
(Simmons, 1991) and rats (Shustanova et al., 2004).

Shustanova et al., (2004) reported that cold stress caused an inhibition of
antioxidant enzyme activities such as glutathione reductase in brain, liver
and erythrocytes (Rauhala, 2005). However, in our study GSH level was
increased in cold stress group compared with the control group,
Nonetheless, the increase in GSH level might be due to the period of cold
exposure (one hour daily for five weeks). GSH reach highest level to

counteract oxidative stress.
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In our study feeding mice high saturated-fat diet for two weeks resulted in
a significant increase in fasting blood sugar (FBS). Our mice were fed
diet containing 20 % saturated fat that was reflected in a significant
increase in adiponectin. However, this increase did not lead to a decrease
in FBS.

This could be explained by two facts, firstly, contrary to the parentral use
of adiponectin in laboratory animals, its increase through the use of HFD

Is expected to be gradual and its effects are compensated by:

1. Glucose provides substrates for fatty acids and glycerol synthesis
and since the diet taken is rich in fat the responsible pathway is

inhibited along with glycolysis .

2. Increased levels of circulatory free fatty acids have a negative
effect on liver clearance of insulin and insulin mediated
suppression of glucose production, in addition to a positive effect

on gluconeogenesis.

3. Free fatty acids have a negative effect on insulin stimulated
glucose utilization through their inhibitory effect on skeletal

muscle sensitivity to insulin.
(Avram et al., 2005)

It has been reported that adiponectin administered systemically to mice
cause a decrease in FBG, which was previously explained by Berg (2001)

by the enhancing effect of adiponectin on insulin sensitivity.

Therefore, in our study the apparent increase in circulating free fatty acids
released form high fat diet overwhelms the effect of adiponectin on blood
glucose, and most likely a matter of correlation between effect and

concentration.
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In the present study cold exposure compensated against the effect of HFD
and caused a reduction in adiponectin to none significant levels. This is in
agreement with the results reported by Imai et al. (2006) when they
exposed mice to 4 C cold climates for 24 hours and concluded that cold

stress suppresses serum adiponectin levels.

On the other hand cold exposure has been shown to improve glucose
tolerance test (GTT). Therefore, the FBS increase seen because of high
fat diet was reversed when animals were exposed to cold stress, which

has been suggested to enhance tissue sensitivity to insulin.

In addition, discrepancies between results and conclusion reported by
different research teams could be attributed to the duration and magnitude

of cold exposure added to the experimental animal type.

Our results are partly in agreement with those of Junta and co-workers
(2006). They concluded the cold exposure did not affect body weight, but
did significantly lower adiponectin concentration. They postulated that
the sympathetic nervous system physiologically regulates the effects of
cold stress. This conclusion was reached since cold stress caused the

elevation of the uncoupler protein 1 (UCP1).

It is well known that cold exposure may be reflected in an elevated
metabolic rate and in increased reactive oxygen species production
(Sahin, 2004).

Although the liver contributed to increased oxygen uptake during cold
stress (31, 32), in the present study the increase in lipid peroxides
measured as malondialdehyde was only obviously seen in animals kept
on high fat diet, but was diminished when HFD was combined with cold

stress.
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Milagro et al., (2006) presented a correlation, based on an experimental
trial on rats, showing that liver MDA as a good estimate of lipid
peroxidation increases concomitantly with increasing other variable such
as insulin, when animals were fed cafeteria diets. This suggests that HFD
Increases oxidative stress in plasma as well as in white adipose tissue and
liver. On the other hand this may offer explanations for the histological

damage seen in the liver of animals kept on high fat diet.

When considering the molecular action of adiponectin, Kadowaki's team
(2005) demonstrated that full length adiponectin stimulates AMP-
activated protein kinase in the liver, while globular adiponectin affects
both muscle and liver causing increased fatty acid combustion (Capeau,
2007). This could offer an explanation for the effect of moderate HFD
(20 %) used in the current study, which resulted in an increase in FBS
with no increase in body weight, i.e. increased catabolism of fatty acids
was sufficient to stop the weight increase induced by the full length

adiponectin.

Several lines of evidence have recently suggested that adiponectin is
involved in glucose and lipid metabolism.

In mice, systemic adiponectin treatment increased fatty acid oxidation in
muscle (Fruebis J,2001), decreased plasma glucose by enhancing the
ability of insulin to suppress hepatic glucose production (Berg AH, 2001),
and improved insulin sensitivity in insulin resistant models (Yamauchi
T2001). In addition, loss of the adiponectin gene in mice reportedly
decreased insulin responsiveness and enhanced atherogenesis (Maeda,
2002; Kubota, 2002 ).
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Stress on its own whether cold exposure or dark containment caused
significant decrease in body weight. On the other hand animals exposed
to cold stress and kept on high fat diet did not show an increase in FBS,
possibly due to enhanced sensitivity of peripheral tissue to insulin.
Furthermore dark containment did cause an increase in FBS. Therefore,
stress seemed to have an effect on FBS, but this effect is specific for each
type of stress. This is clearly reflected in the increased level of FBS in
animals exposed to dark containment stress. In these animals, apparently,
the role played by stress hormones is obvious, and darkness apparently
does not influence mechanisms similar to those influenced by cold stress

to improve insulin sensitivity.

Cold exposure increases brown adipose tissue (BAT) mass and total
cytochrome oxidase activity, in addition to increasing peripheral tissue
sensitivity to insulin. BAT and cytochrome oxidase both specifically
enhance the burning of FAT, therefore reduce the impact of HFD damage

on liver cells.

The aminotransferases are excellent indicators of liver damage when both
ALT and AST are elevated. Our results showed significant increases in
both enzymes following 5 weeks of HFD feeding. Although liver
parenchymal damage at the histological level is more clearly demarked
when cold stress was combined with HFD feeding, the increase in these

enzymes was diminished.

Elevation of GPT is a marker of liver tissue damage and a surrogate for
fatty liver disease. Its increase even within the normal level is associated
with deterioration in insulin sensitivity and glucose tolerance, in addition

to increased FFA and triglycerol level (Bergert et al., 2006).
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For GPT, its increase in animals sustained on normal chow exposed to
cold or dark stress could result from the effect of stress on muscles and

other organs.

GOTis expressed by myocardial and muscle cells more than GPT, and
this enzyme significantly increase due to cold stress, but not dark

exposure.

In the present study it was noticed that ALP was significantly increased
when mice fed high fat diet and were made to bare brief cold stress. The
ALP enzyme is considered as an indicator of hepatocellular damage
(Yang and Chen, 2003; Vozarova et al., 2002). It is a common knowledge
that NAFLD can be caused by the accumulation of triglycerides in the
hepatocytes. Furthermore, it has been reported that ALP is a marker for
both plasma membrane and endoplasmic reticulum. In addition, it has
been reported that oxidative stress is an imperative factor in the
development of non-alcoholic fatty liver disease and cold stress has been
shown to induce oxidative stress, hence membrane changes and increased
ALP release.

Cold stress in mice (0-1 C) decreases liver content of glutathione. In
addition repeated exposure for 3 times per week for 1 month further
caused a fall in glutathione (Simmons et al., 1990, 1991; Yamamoto et
al., 1995).
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we conclude that five weeks of a high-fat diet containing 20% fat was
not enough to proeduce obese mice. Therefore, we can be sure that our
results were restricted to the effects of the diet and were not due to

obesity- induced metabolic changes.

The decrease in serum adiponectin levels, suggesting that there is a

compensatory effect of the other fat depots on serum adiponectin levels.

Further studies will elucidate whether this is a transitory compensatory

mechanism or a sign of target organ resistance to adiponectin.

High fat diet can disrupt the balance in an oxidant/antioxidant system
and cause oxidative damage to liver tissues by altering the enzymatic and

non-enzymatic antioxidant status, and lipid peroxidation.

Further investigation into the mechanisms of this model may lead to
new targets for drug therapy as well as new insights into the role of diet

composition in energy balance.

According to observation made on Cold stress coupled to a High-fat

diet group it could be seen as expression of antisynergistic effect .

The obesogenic effect of ahigh-fat (HF) dietis counterbalanced by
stimulation of energy expenditure and lipid oxidation in response to cold

stress
Cold stress can affect liver tissue metabolism in different ways:

1. By disrupting the balance in an oxidant/antioxidant system and

causing oxidative damage to liver tissues.

2 .By Changing levels of liver LDH as compensatory mechanism

,hepatic energy demands not by alternate pathways .switching to an
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aerobic metabolism was affected by oxidative stress. This can be

viewed as functional or physiological adaptation of the liver.
3. Enhancement the activities of transaminases ALT and T

The degree and duration of Cold stress in our experiment can also
effect adipocyte which is reflected by high level of serum adiponectin

which explained by the compensatory mechanism.

-Disturbing the lighting for five weeks caused metabolic changes

which indicates stress.

Dark stress can also effect liver tissue and secretion of

adiponectin in different ways same as cold stress .

Finally, this study showed many interesting results and the study
attempted to explain them. This may lead to conduction of more

researches based on these findings.

189



CHAPTER



ol gl



ol paidldl7.0,

e aliadll daa o) sl il 3l Y ol Joa il il piidall o) 8 e cy jald 4 jall oda
51 da o () Gl s celaadl 8 ¢ saall A ol ) gl slga) (e dilisa ) 5V lsy)
Aallae (Slal & aad gl (e gl algalyl 5l ) A8aYl 4 sie s 50 4 ) Jos Auniiie

g5y Loyt JA e clatl) o) 8 (A Jidie A s 3 gad o Al all oda <y jal a g
4865,k o Jsanll 3 lake ()6 38 73 galll 130 e co S5 Cals LS alga ) (e Adliss
el iyl ylaa¥) 5 dat) 8 il OIS (e dlga Y (e dilide £ 53 anall (i gl
REPN

;&L\A..\.“d‘-\b\

alkas ae ) JLEVL o 00 jias Lal caaibil (e 33l (e all dlgaY) (e saasie JSEL o) 3l as ]
O e ddle A e g 58a Sl

J.\SS\‘_,‘JL 5yl all Gls jy aleds) UAG'SL\J\ JL@A‘}(U‘;\-‘AJ\GAU}QJM M&EJ\ﬁLM\JJ 2
Mae g las e JSaall 8 Sl A g ¢ pall 8 i€ saaY) (5 siasa s

alal @l o) aa g s )8l e C‘ﬂjh‘)ﬁtjdﬁj\waujj\jd%y\oﬁﬁk Aaa) 3
0oV e, leat Al Gua e el G

Axi pa i (o O sSha ¢l Cutae | AN aSad JIaS V)| Cile sana e ) 0 ) a3

deludl 8 g JS) 2l dlea ) ) 4dlcall ¢ sall dlle dpen Ll e 43Ny saall (g
3Ll a5l camtday Jll (Bas)sdeld 4 CO o) a a0 L o)yl a5 alus 9:30
Aallae 48 e b auiasi ) il lalus 9:30 delull i a g JS)aDUa) slga) 5l cons dsalal) 5 Lot

. (T:..\A\j acld

Ja aall Cons ey sl Cand i) goal) J8 &5 dasall (e 30 Algd s all sed 4 jaill
(sl Ll o) a Y o U seae ) Al ol ag)) cdal 5 ol jlaay!

s Y bl (asle

192



Al de ganall
Ozl WS K &l (720 deaiy ) gl e Alae aUai gLl (e bl dased o LA

alkaill e 4 yiall JEY1 e Ll e i ) Uil o e oy e ()5S0 o Wiy eellal g A
Adlad) e daalall A1) Jiall c sl dagis (S5 ol g Al3Rd)

O e d e (o oaday g il @llia () e Jay Laa ¢ (€0 ga) Gy gse 8 il
el (G O sl il glse e 5 )AY)

o A dpay a3 A1 (e o e 028 S 1) La prana i) il all (e 3y 3all 6 Y Aalall & el
OS] Caagiuall leall da glaa e ddle

Dol (8 a5 BauSO Baliaal) /320SY) Al b )il Jag sl e Alae sl gLl
2 g5 ey 3 5 Ana 31 5auSY) Claliae sl s 3ok e 2SI AaY gausll)
sa

e il Al gl e lae alai gLl ae ) e Ul dgal) G aead) O

Gllag o gaall 3auSH 32 55 A8l eDlgial juiad ) gasm ool e il dgay) 4dlal o) cus

LS Ul e ) G il ey
;a.a..\bl\ :\.GJA.;AS\
Adlite 3k 280 il (8 S5 o Sy 2l e -

@Sl )yl 6l 5 300U saliadd) /auSY) alai b o)l Qs Bask e 1
A i

I e Al e Qllall dlil Akl Al (e daan 55 IS [ DH il sivse i Ga sk oo 2

ALT & AST ddaiil 3 jaiddal o0 3

193



e oSl Al V) Avesidll LDAN b 8 L et B3l dlga) Baas da O aa Ll -

Ay a3 A0S iy (M) g aall B (3K 50 (5 sne g i)
«dusal Ad) 3\93.4;4.“
(emiil) izl e oy Lae LY <l pnill Cansy aonlisl dsed 30l Belial) 5

L OSsipl 385 2S0 Al 8 Ll 535 o (S Allaall sl

O a3l elal A om0 s Hlaiadl b il sl (e el Al all 028 o yedal o) Al
(aiaal) 8 s

194



CHAPTER ¢



EFERMGE




REFERENCES

A

Abe K, Saito H.(1998) Characterization of t-butyl hydroperoxide toxicity
in cultured rat cortical neurones and astrocytes. Pharmacol Toxicol.
Jul;83(1):40-6.

Adamczak M, Wiecek A, Funahashi T, Chudek J, Kokot F
, Matsuzawa Y. (2003)Decreased plasma adiponectin concentration in

patients with essential hypertension. Am J Hypertens. Jan;16(1):72-5.

Aebi HE .(1987) Catalase. In: Bergmeyer HU (ed) Methods of enzymatic
analysis. VCH, Weinheim, pp 273-285.

Ahima RS, Flier JS. (2000)Adipose tissue as an endocrine organ. Trends
Endocrinol Metab. 11:327-332.

Ahrén B, Gudbjartsson T, Al-Amin AN, Martensson H, Myrsén-
Axcrona U, Karlsson S, Mulder H, Sundler F(1999).Islet perturbations
in rats fed a high-fat diet. Pancreas . 1999; 18 :75-83.

Akana, S. F., M. F. Dallman, M. J. Bradbury, K. A. Scribner, A. M.
Strack, and C. D. Walker. (1992)Feedback and facilitation in the
adrenocortical system: unmasking facilitation by partial inhibition of the
glucocorticoid response to prior stress. Endocrinology. 131: 57-68.
Akhalaya MY, Platonov AG, Baizhumano AA .(2006) Short term cold
exposure improves antioxidantstatus and general resistance of animals.
Bull Exp Biol Med. 141 (1): 26-29.

197


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Abe%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Saito%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/9764425
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Adamczak%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wiecek%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Funahashi%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chudek%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kokot%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kokot%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kokot%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Matsuzawa%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%20Adamczak%2C%20M.%20et%20al.%20(2003)%20Decreased%20plasma%20adiponectin%20concentration%20in%20patients%20with%20essential%20hypertension.%20Am%20J%20Hypertens%2016%3A%2072%E2%80%9375.%20
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ahr%C3%A9n%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gudbjartsson%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Al-Amin%20AN%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22M%C3%A5rtensson%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Myrs%C3%A9n-Axcrona%20U%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Myrs%C3%A9n-Axcrona%20U%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Karlsson%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mulder%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sundler%20F%22%5BAuthor%5D

American Diabetes Association. Nutritional recommendations and
principles for individuals with diabetes mellitus. Diabetes Care 10: 126-
132, 1987.

Anai M, Funaki M, Ogihara T, Kanda A, Onishi Y, Sakoda H, Inukai
K, Nawano M, Fukushima Y, Yazaki Y, Kikuchi M, Oka Y, Asano T.
(1999) Enhanced insulinstimulated activation of phosphatidylinositol 3-
kinase in the liver of high-fat-fed rats. Diabetes. 48:158 69.

Anderson, J. W. (1982)High carbohydrate diet effects on glucose and
triglyceride metabolism of normal and diabetic men. In: Metabolic
Effects of Utilizable Carbohydrates, edited by S. Reiser. New York:
Dekker, p. 285-313.

Anderson, J. W., and B. Sieling. (1985) Nutrition and diabetes. In:
Nutrition Update, edited by J. Weininger and G. M. Briggs. New
York:Wiley, p. 49-609.

Andre” , M. & Felley-Bosco, E. (2003) Heme oxygenase-1 induction by
endogenous nitric oxide: influence of intracellular glutathione. FEBS
Lett. 546: 223-227.

Arita Y, Kihara S, Ouchi N, Takahashi M, Maeda K, Miyagawa
J, Hotta K, Shimomura |, Nakamura T, Miyaoka K, Kuriyama
H, Nishida M, Yamashita S, Okubo K, Matsubara K,Muraguchi
M, Ohmoto Y, Funahashi T, Matsuzawa Y .(1999) Paradoxical
decrease of an adipose-specific protein, adiponectin, in obesity. Biochem
Biophys Res Commun 257: 79-83.

Arita Y, Kihara S, Ouchi N, Maeda K, Kuriyama H, Okamoto
Y, Kumada M, Hotta K, Nishida M, Takahashi M, Nakamura
T, Shimomura I, Muraguchi M, Ohmoto Y, Funahashi T,Matsuzawa
Y. (2002) Adipocyte-derived plasma protein adiponectin acts as a

198


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kanda%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Onishi%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sakoda%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Inukai%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Inukai%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Inukai%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nawano%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fukushima%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yazaki%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kikuchi%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Oka%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Asano%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Arita%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kihara%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ouchi%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Takahashi%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Maeda%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Miyagawa%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Miyagawa%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Miyagawa%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hotta%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shimomura%20I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nakamura%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Miyaoka%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kuriyama%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kuriyama%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kuriyama%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nishida%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yamashita%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Okubo%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Matsubara%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Muraguchi%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Muraguchi%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Muraguchi%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ohmoto%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Funahashi%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Matsuzawa%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Arita%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kihara%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ouchi%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Maeda%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kuriyama%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Okamoto%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Okamoto%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Okamoto%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kumada%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hotta%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nishida%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Takahashi%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nakamura%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nakamura%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nakamura%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shimomura%20I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Muraguchi%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ohmoto%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Funahashi%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Matsuzawa%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Matsuzawa%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Matsuzawa%20Y%22%5BAuthor%5D

platelet-derived growth factor-BB-binding protein and regulates growth
factor-induced common postreceptor signal in vascular smooth muscle
cell. Circulation 105, 2893-2898.

Arner P. (1995) Differences in lipolysis between human subcutaneous
and omental adipose tissues. Ann Med. 1995;27:435-8.

Avogaro P, Crepaldi G, Enzi G, Tiengo A.(1967) Associazione di
iperlipidemia, diabete mellito e obesita de medio grado. Acto Diabetol
Lat;4:36-41.

Aw, T. Y. (2003) Cellular redox: a modulator of intestinal epithelial cell
proliferation. News Physiol. Sci. 18: 201-204.

B

Bachman ES, Dhillon H, Zhang CY, Cinti S, Bianco AC, Kobilka
BK, Lowell BB. (2002) betaAR signaling required for diet-induced
thermogenesis and obesity resistance. Science. 2;297(5582):843-5.

Bagchi D, Carryl OR, Tran MX, Bagchi M, Garg A, Milnes MM,
Williams CB, Balmoori J, Bagchi DJ, Mitra S, Stohs SJ .(1999) Acute
and chronic stress-induced oxidative gastrointestinal mucosal injury in
rats and protection by bismuth subsalicylate. Mol Cell Biochem 196:109—
116.

Barja de Quiroga G, Lopez-Torres M, Perez-Campo R, Abelenda M,
Paz Nava M, Puerta ML (1991) Effect of cold acclimation on GSH,
antioxidant enzymes and lipid peroxidation in brown adipose tissue.
Biochem J 277:289-292.

199


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bachman%20ES%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dhillon%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zhang%20CY%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cinti%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bianco%20AC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kobilka%20BK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kobilka%20BK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kobilka%20BK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lowell%20BB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=.%20Bachman%2C%20E.S.%20et%20al.%20bAR%20signaling%20required%20for%20diet-induced%20thermogenesis%20and%20obesity%20resistance.%20Science%20297%2C%20843%E2%80%93845%20(2002).%20

Bartlett, S. M., and G. F. Gibbons. (1988) Short- and longer-term
regulation of  very-low-density lipoprotein  secretion by
insulin,dexamethasone and lipogenic substrates in cultured hepatocytes.
Abiphasic effect of insulin. Biochem. J. 249: 37-43.

Belzung F, Raclot T, Groscolas R.(1993) Fish oil n-3 fatty acids
selectively limit the hypertrophy of abdominal fat depots in growing rats
fed high-fat diets. Am J Physiol. 264: R1111-8.

Berg AH, Combs TP, Du X, Brownlee M, Scherer PE. (2001)The
adipocyte-secreted protein Acrp30 enhances hepatic insulin action. Nat
Med 7: 947-953.

Beutler E.(1994) G6PD deficiency. Blood. 84:3613-3636.

Bevilacqua S, Bonadonna R, Buzzigoli G, Boni C, Ciociaro
D, Maccari F, Giorico MA, Ferrannini E. (1987)Acute elevation of
free fatty acid levels leads to hepatic insulin resistance in obese subjects.
Metabolism. 36:502— 6.

Bian JS, Wang YL, Li DX (1997) Immobilization stress induced
changes of ventricular electric stability in damaged heart depends on the

extent of free radical damage. Shengli Xuebao 49:526-530.

Bjursell M, Ahnmark A, Bohlooly-Y M, William-Olsson L, Rhedin
M, Peng XR, Ploj K, Gerdin AK, Arnerup G, Elmgren A, Berg
AL, Oscarsson J, Lindén D.(2007) Opposing effects of adiponectin
receptors 1 and 2 on energy metabolism. Diabetes 56:583-593.

Bondarenko TI, Miliutina NP, Shustanova TA, Mikhaleva 11 (1999)
Regulatory effect of delta sleep-inducing peptide on the activity of
antioxidant enzymes in erythrocytes and tissues of rats during cold stress.
Ross Fiziol Zh Im I M Sechenova 85:671-679.

200


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bevilacqua%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bonadonna%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Buzzigoli%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Boni%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ciociaro%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ciociaro%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ciociaro%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Maccari%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Giorico%20MA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ferrannini%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bjursell%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ahnmark%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bohlooly-Y%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22William-Olsson%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rhedin%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rhedin%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rhedin%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Peng%20XR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ploj%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gerdin%20AK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Arnerup%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Elmgren%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Berg%20AL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Berg%20AL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Berg%20AL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Oscarsson%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lind%C3%A9n%20D%22%5BAuthor%5D

Brindley, D. N., J. Cooling, H. P. Glenny, S. L. Burditt, and I. S.
McKechie.(1981) Effects of chronic modification of dietary fat and
carbohydrate on the insulin, corticosterone and metabolic responses of
rats fed acutely with glucose, fructose or ethanol. Biochem. J. 200: 275
284,1981.

Budohoski L, Panczenko-Kresowska B, Langfort J, Zernicka
E, Dubaniewicz A, Ziemlanski S, Challiss RA, Newsholme EA.
(1993). Effects of saturated and polyunsaturated fat enriched diet on the
skeletal muscle insulin sensitivity in young rats. J Physiol
Pharmacol. 1993 Dec;44(4):391-8.

Buettner R, Ottinger 1, Scholmerich J, Bollheimer LC.(2004)
Preserved direct hepatic insulin action in rats with dietinduced hepatic
steatosis. Am J Physiol Endocrinol Metab. 286:E828 —33.

Buettner R, Schélmerich J, Bollheimer LC. (2007) High-fat diets:
modeling the metabolic disorders of human obesity in rodents. Obesity
(Silver Spring). 15(4):798-808.

C

Cai D, Yuan M, Frantz DF, Melendez PA, Hansen L, Lee J, Shoelson
SE.(2005) Local and systemic insulin resistance resulting from hepatic
activation of IKKbeta and NF-kappaB. Nat Med. 11:183-90.

Campio'n J, Martinez JA.(2004) Ketoconazole, an antifungal agent,
protects against adiposity induced by a cafeteria diet. Horm Metab Res.
36:485-91.

201


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Budohoski%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Panczenko-Kresowska%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Langfort%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zernicka%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zernicka%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zernicka%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dubaniewicz%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ziemla%C5%84ski%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Challiss%20RA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Newsholme%20EA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Budohoski%20L%2C%20Panczenko-Kresowska%20B%2C%20Langfort%20J%2C%20et%20al.%20(1993)%20Effects%20of%20saturated%20and%20polyunsaturated%20fat%20enriched%20diet%20on%20the%20skeletal%20muscle%20insulin%20sensitivity%20in%20young%20rats.%20J%20Physiol%20Pharmacol%20.%2044%3A391%E2%80%93%208.%20
http://www.ncbi.nlm.nih.gov/pubmed?term=Budohoski%20L%2C%20Panczenko-Kresowska%20B%2C%20Langfort%20J%2C%20et%20al.%20(1993)%20Effects%20of%20saturated%20and%20polyunsaturated%20fat%20enriched%20diet%20on%20the%20skeletal%20muscle%20insulin%20sensitivity%20in%20young%20rats.%20J%20Physiol%20Pharmacol%20.%2044%3A391%E2%80%93%208.%20
http://www.ncbi.nlm.nih.gov/pubmed?term=Budohoski%20L%2C%20Panczenko-Kresowska%20B%2C%20Langfort%20J%2C%20et%20al.%20(1993)%20Effects%20of%20saturated%20and%20polyunsaturated%20fat%20enriched%20diet%20on%20the%20skeletal%20muscle%20insulin%20sensitivity%20in%20young%20rats.%20J%20Physiol%20Pharmacol%20.%2044%3A391%E2%80%93%208.%20
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Buettner%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sch%C3%B6lmerich%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bollheimer%20LC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Buettner%2C%20Scho%C2%A8%20lmerich%2C%20and%20Bollheimer%20Metabolic%20Disorders%20in%20Rodents%2C%20OBESITY%20Vol.%2015%20No.%204%20April%202007%20807
http://www.ncbi.nlm.nih.gov/pubmed?term=Buettner%2C%20Scho%C2%A8%20lmerich%2C%20and%20Bollheimer%20Metabolic%20Disorders%20in%20Rodents%2C%20OBESITY%20Vol.%2015%20No.%204%20April%202007%20807
http://www.ncbi.nlm.nih.gov/pubmed?term=Buettner%2C%20Scho%C2%A8%20lmerich%2C%20and%20Bollheimer%20Metabolic%20Disorders%20in%20Rodents%2C%20OBESITY%20Vol.%2015%20No.%204%20April%202007%20807
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cai%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yuan%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Frantz%20DF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Melendez%20PA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hansen%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lee%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shoelson%20SE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shoelson%20SE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shoelson%20SE%22%5BAuthor%5D

Cappellini MD and Fiorelli G.(2008) Glucose-6-phosphate dehydroge-
Capeau J. (2007)The story of adiponectin and its receptors AdipoR1 and
R2: to follow. J Hepatol. 47(5):736-8. Epub 2007 Jun 13.
Carmiel-Haggai M, Cederbaum Al, Nieto N. (2005)A high-fat diet
leads to the progression of non-alcoholic fatty liver disease in obese rats.
FASEB J. 19:136 8

Ceddia RB, Somwar R, Maida A, Fang X, Bikopoulos G, Sweeney
G.(2005) Globular adiponectin increases GLUT4 translocation and
glucose uptake but reduces glycogen synthesis in rat skeletal muscle
cells. Diabetologia. 48 (1):132-9.

Chalkley SM, Hettiarachchi M, Chisholm DJ, Kraegen EW. (2002)
Long-term high-fat feeding leads to severe insulin  resistance but  not
diabetes in Wistar rats. Am J Physiol Endocrinol Metab. 282(6):E1231-
8.

Chambers 1, Frampton J, Goldfarb P, Affara N, McBain W,
Harrison PR. (1986)The structure of the mouse glutathione peroxidase
gene: the selenocysteine in the active site is encoded by the “termination”
codon, TGA. EMBO J 5: 1221-1227.

Chen HC, Stone SJ, Zhou P, Buhman KK, Farese RV Jr.(2002)
Dissociation of obesity and impaired glucose disposal in mice over
expressing acyl coenzyme A:diacylglycerol acyltransferasel in white
adipose tissue. Diabetes. 51: 3189-95.

Chen B, Lam KS, Wang Y, Wu D, Lam MC, Shen J, Wong L, Hoo
RL, Zhang J, Xu A.(2006) Hypoxia dysregulates the production of
adiponectin and plasminogen activator inhibitor- 1 independent of
reactive oxygen species in adipocytes. Biochem Biophys Res Commun
341:549-556.

202


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Capeau%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/17599632
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ceddia%20RB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Somwar%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Maida%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fang%20X%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bikopoulos%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sweeney%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sweeney%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sweeney%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Ceddia%2C%20R.B.%2C%20Somwar%2C%20R.%2C%20Maida%2C%20A.%2C%20Fang%2C%20X.%2C%20Bikopoulos%2C%20G.%20and%20Sweeney%2C%20G.%20(2005)%20Diabetologia%2048%2C%20132%E2%80%93139
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chalkley%20SM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hettiarachchi%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chisholm%20DJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kraegen%20EW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Chalkley%20SM%2C%20Hettiarachchi%20M%2C%20Chisholm%20DJ%2C%20Kraegen%20EW.%20Long-term%20high-fat%20feeding%20leads%20to%20severe%20insulin%20resistance%20but%20not%20diabetes%20in%20Wistar%20rats.%20Am%20J%20Physiol%20Endocrinol%20Metab.%202002%3B282%3AE1231%E2%80%93%208.%20

Chen EY, Cheng A, Lee A, Kuang WJ, Hillier L, Green P,
Schlessinger D, Ciccodicola A and DUrso M.(1991)Sequence of human
glucose-6-phosphate dehydrogenase cloned in plasmids and a yeast
artificial chromosome. Genomics 10:792-800.

Chen HC, Stone SJ, Zhou P, Buhman KK, Farese RV Jr. (2002)
Dissociation of obesity and impaired glucose disposal in mice over
expressing acyl coenzyme A:diacylglycerol acyltransferasel in white
adipose tissue. Diabetes. 2002;51: 3189-95.

Chevillotte E, Giralt M, Miroux B, Ricquier D, Villarroya F(2007)
Uncoupling protein-2 controls adiponectin gene expression in adipose
tissue through the modulation of reactive oxygen species production.
Diabetes;56:1042-1050.

Chitturi S, Farrell G, Frost L, Kriketos A, Lin R, Fung C, Liddle
C, Samarasinghe D, George J.(2002) Serum leptin in NASH correlates
with hepatic steatosis but not fibrosis: a manifestation of lipotoxicity?
Hepatology. 2002;36:403-9.

Cigdem Ozer,Sevim Ercan,Aydan Babiil, Z. Sevim Ercan.(2009)
Effects of systemic leptin administration on liver and plasma lipid
peroxidation in cold restrain stress. Tirk Biyokimya Dergisi [Turkish
Journal of Biochemistry—Turk J Biochem] 34 (1) ; 32-38.

Clegg DJ, Benoit SC, Reed JA, Woods SC, Dunn-MeynellA, Levin
BE.(2005)Reduced anorexic effects of insulin in obesityprone rats fed a m
oderate-fat diet. Am J Physiol Regul Integr Comp Physiol. 288(4):R981-
6.

Cnop M, Havel PJ, Utzschneider KM, Carr DB, Sinha MK, Boyko
EJ, Retzlaff BM, Knopp RH, Brunzell JD, Kahn SE. (2003)
Relationship of adiponectin to body fat distribution, insulin sensitivity

203


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chitturi%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Farrell%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Frost%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kriketos%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lin%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fung%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Liddle%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Liddle%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Liddle%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Samarasinghe%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22George%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Clegg%20DJ%2C%20Benoit%20SC%2C%20Reed%20JA%2C%20Woods%20SC%2C%20Dunn-MeynellA%2C%20Levin%20BE.%20Reduced%20anorexic%20effects%20of%20insulin%20in%20obesityprone%20rats%20fed%20a%20moderate-fat%20diet.%20Am%20J%20Physiol%20Regul%20Integr%20Comp%20Physiol.%202005%3B288%3AR981%E2%80%936.%20

and plasma lipoproteins: evidence for independent roles of age and sex.
Diabetologia 46:459-469.

Cohen G, Hochstein P. (1963) Glutathione peroxidase: the primary
agent for the elimination of hydrogen peroxide in erythrocytes.
Biochemistry 2: 1420-1428.

Combs TP, Berg AH, Rajala MW, Klebanov S, lyengar P, Jimenez-
Chillaron JC, Patti ME, Klein SL, Weinstein RS, Scherer PE.( 2003).
Sexual differentiation, pregnancy, calorie restriction, and aging affect the

adipocyte-specific secretory protein adiponectin. Diabetes. 52:268-276.

Combs TP, Berg AH, Obici S, Scherer PE, Rossetti L. (2001)
Endogenous glucose production is inhibited by the adiposederived protein
Acrp30. J Clin Invest 108:1875-1881.

Combs T, Pajvani UB, Berg AH, Lin Y, Jelicks LA, Laplante M,
Nawrocki AR, Rajala MW, Parlow AF, Cheeseboro L, Ding Y,
Russell RG, Lindemann D, Hartley A, Baker GRC, Obici S, Deshaies
Y, Ludgate M, Rossetti L, Scherer PE. (2004). A transgenic mouse
with a deletion in the collagenous domain of adiponectin displays
elevated circulating adiponectin and improved insulin sensitivity.
Endocrinology 145:367-383.

Concepci'on M. AGUILERA, Mercedes GIL-CAMPQOS, Ram’on CA
NETE and "Angel GIL.(2008) Alterations in plasma and tissue lipids
associated with obesity and metabolic syndrome Clinical Science 114,
183-193.

Coppack SW, Frayn KN, Humphreys SM, Whyte PL, Hockaday
TDR.(1990) Arteriovenous differences across human adipose and

forearm tissues after overnight fast. Metabolism 39:3384-90.

204


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Combs%20TP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Berg%20AH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rajala%20MW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Klebanov%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Iyengar%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jimenez-Chillaron%20JC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jimenez-Chillaron%20JC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Patti%20ME%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Klein%20SL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Weinstein%20RS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Scherer%20PE%22%5BAuthor%5D

Corbett SW, Stern JS, Keesey RE. (1986) Energy expenditure in rats
with diet-induced obesity. Am J Clin Nutr. 44:173-80

Christopher K. Mathews , Kensal E. van Holde ,Kevin G. Ahern

.(1999) Biochemistry (3rd Edition) I1SBN-10 / ASIN:* 0805330666
ISBN-13 / EAN:* 9780805330663

D

Dandona P, Aljada A, Mohanty P, Ghanim H, Hamouda W, Assian
E, Ahmad S. (2001)Insulin inhibits intranuclear nuclear factor kappaB
and stimulates IkappaB in mononuclear cells in obese subjects: evidencef
or an anti-inflammatory effect? J Clin Endocrinol Metab. 86(7):3257-65.

Dandona P, Mohanty P, Ghanim H, Aljada A, Browne R, Hamouda
W, Prabhala A, Afzal A, Garg R.(2001) The suppressive effect of
dietary restriction and weight loss in the obese on the generation of
reactive oxygen species by leukocytes, lipid peroxidation, and protein
carbonylation. J Clin Endocrinol Metab. 86(1):355-62.

Dandona P, Aljada A, Bandyopadhyay A. Inflammation: the link
between insulin resistance, obesity and diabetes. Trends Immunol.
2004;25:4 7.

Dandona P, Aljada A, Chaudhuri A, Mohanty P, Garg R. Metabolic
syndrome: a comprehensive perspective based on interactions between
obesity, diabetes, and inflammation. Circulation. 2005;111:1448 —54.

Das 1.(1985) Raised C-reactive protein levels in serum from smokers.
Clin Chim Acta. 29;153(1):9-13.

205


http://www.amazon.com/Christopher-K.-Mathews/e/B001KHKONK/ref=ntt_athr_dp_pel_1
http://www.amazon.com/Christopher-K.-Mathews/e/B001KHKONK/ref=ntt_athr_dp_pel_1
http://www.amazon.com/Christopher-K.-Mathews/e/B001KHKONK/ref=ntt_athr_dp_pel_1
http://www.amazon.com/s/ref=ntt_athr_dp_sr_2?_encoding=UTF8&sort=relevancerank&search-alias=books&field-author=Kensal%20E.%20van%20Holde
http://www.amazon.com/s/ref=ntt_athr_dp_sr_3?_encoding=UTF8&sort=relevancerank&search-alias=books&field-author=Kevin%20G.%20Ahern
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dandona%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Aljada%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mohanty%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ghanim%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hamouda%20W%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Assian%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Assian%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Assian%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ahmad%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Dandona%20P%2C%20Aljada%20A%2C%20Mohanty%20P%20et%20al.%20Insulin%20inhibits%20intranuclear%20nuclear%20factor%20kappaB%20and%20stimulates%20IkappaB%20in%20mononuclear%20cells%20in%20obese%20subjects%3A%20evidence%20for%20an%20anti-inflammatory%20effect%3F%20J%20Clin%20Endocrinol%20Metab.%202001%3B86%3A
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dandona%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mohanty%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ghanim%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Aljada%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Browne%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hamouda%20W%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hamouda%20W%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hamouda%20W%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Prabhala%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Afzal%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Garg%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Dandona%20P%2C%20Mohanty%20P%2C%20Ghanim%20H%2C%20et%20al.%20The%20suppressive%20effect%20of%20dietary%20restriction%20and%20weight%20loss%20in%20the%20obese%20on%20the%20generation%20of%20reactive%20oxygen%20species%20by%20leukocytes%2C%20lipid%20peroxidation%2C%20and%20protein%20carbonylation.%20J%20Clin%20Endocrinol%20Metab.%202001%3B86%3A355%E2%80%93%2062.%20
http://www.ncbi.nlm.nih.gov/pubmed?term=Das%20I%3A%20Raised%20C-reactive%20protein%20levels%20in%20serum%20from%20smokers.%20Clin%20Chim%20Acta%201985%3B153%3A9%E2%80%9313.%20

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

Dawson DM, Goodfriend TL, and Kaplan NO. (1964)Lactic
dehydrogenases: functions of the two types rates of synthesis of the two

major forms can be correlated with metabolic differentiation. Science.
28;143:929-33.

Dobrian AD, Davies MJ, Schriver SD, Lauterio TJ, Prewitt RL.
(2001) Oxidative stress in a rat model of obesity induced hypertension.
Hypertension. 37:554-60.

Drevet JR. (2006)The antioxidant glutathione peroxidase family and

spermatozoa: a complex story. Mol Cell Endocrinol 250: 70-79.

Duplus E, Glorian M, Forest C.(2000) Fatty acid regulation of gene
transcription. J Biol Chem. 275:30749 -52.

E

Eldar-Finkelman  H, Schreyer  SA, Shinohara MM, LeBoeuf
RC, Krebs EG. (1999)Increased glycogen synthase kinase-3 activity in
diabetes- and obesity-prone C57BL/6J mice. Diabetes. 1999 48(8):1662-
6.

Emel Sahin, Saadet Giimiislii .(2007)Stress-Dependent Induction
Of Protein Oxidation, Lipid Peroxidation And Anti-Oxidants In
Peripheral Tissues Of Rats: Comparison Of Three Stress Models
(Immobilization, Cold And Immobilization—Cold) DOI: 10.1111/j.
1440 - 1681.04584.x.

206


http://www.ncbi.nlm.nih.gov/pubmed?term=Dawson%20DM%2C%20Goodfriend%20TL%2C%20and%20Kaplan%20NO.%20Lactic%20dehydrogenases%3A%20functions%20of%20the%20two%20types%20Science%201964%3B%20143%3A%20923-933
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Eldar-Finkelman%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schreyer%20SA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shinohara%20MM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22LeBoeuf%20RC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22LeBoeuf%20RC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22LeBoeuf%20RC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Krebs%20EG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Eldar-Finkelman%20H%2C%20Schreyer%20SA%2C%20Shinohara%20MM%2C%20Le-%20Boeuf%20RC%2C%20Krebs%20EG.%20Increased%20glycogen%20synthase%20kinase-3%20activity%20in%20diabetes-%20and%20obesity-prone%20C57BL%2F6J%20mice.%20Diabetes.%201999%3B48%3A1662%E2%80%93%206.%20

Englund Ogge L, Brohall G, Behre CJ, Schmidt C, Fagerberg
B.(2006) Alcohol consumption in relation to metabolic regulation,
inflammation, and adiponectin in 64-year-old Cau- casian women: a
population-based study with a focus on impaired glucose regulation.
Diabetes Care 29:908-913.

Laurel H. Hartwell, MD, and Jonathan M. Schwartz.(2009)
Evaluation and Management of Abnormal Liver Chemistry Tests in the
Asymptomatic Outpatient Case Study and Commentary, Vol. 16, No. 11
JCOM 52511°

-

Farley C, Cook JA, Spar BD, Austin TM, Kowalski TJ. (2003) Meal
pattern analysis of diet-induced obesity in susceptible and resistant rats.
Obes Res. 11:845-51.

Farooqi IS, Matarese G, Lord GM, Keogh JM, Lawrence E, Agwu
C,Sanna V,Jebb SA, Perna F, Fontana S, Lechler RI, DePaoli
AM, O'Rahilly S. (2002)Beneficial effects of leptin on obesity, T cell
hyporesponsiveness, and neuroendocrine/metabolic dysfunction of human
congenital leptin deficiency. J Clin Invest. 2002 110(8):1093-103.

Felix K, Rockwood LD, Pretsch W, Bornkamm GW, and Janz
S.(2003)Redox imbalance and mutagenesis in spleens of mice harboring a
hypomorphic allele of Gpdx(a) encoding glucose 6-phosphate
dehydrogenase. Free Radic Biol Med 34: 226-232,.

Franco R, Schoneveld OJ, Pappa A, Panayiotidis MI. (2007)The
central role of glutathione in the pathophysiology of human diseases.
Arch Physiol Biochem 113: 234-258.

207


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Farooqi%20IS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Matarese%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lord%20GM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Keogh%20JM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lawrence%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Agwu%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Agwu%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Agwu%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sanna%20V%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jebb%20SA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Perna%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fontana%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lechler%20RI%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22DePaoli%20AM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22DePaoli%20AM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22DePaoli%20AM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22O'Rahilly%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Farooqi%2C%20I.S.%20et%20al.%20(2002)%20Beneficial%20effects%20of%20leptin%20on%20obesity%2CT%20cell%20hyporesponsiveness%2C%20and%20neuroendocrine%2Fmetabolic%20dysfunction%20of%20human%20congenital%20leptin%20deficiency.%20J%20Clin%20Invest%20110%3A%201093%E2%80%931103.%20

Frayn KN, Coppack SW, Humphreys SM, Whyte PL. (1989)
Metabolic  characteristics of human adipose  tissue in ~ vivo. Clin
Sci (Lond). 76(5):509-16.

Frayn KN, Khan K, Coppack SW, Elia M. (19991)Amino acid
metabolism in human subcutaneous adipose tissue in vivo. Clin Sci
80:471-4.

Frayn KN, Humphreys SM, Coppack SW. (1995) Fuel selection in
white adipose tissue. Proc Nutr Soc. 1995 Mar;54(1):177-89.

Fromenty B, Robin MA, Igoudjil A, Mansouri A, Passayre D.
(2004)The ins and outs of mitochondrial dysfunction in NASH. Diabetes
Metab. 30:121-38.

Fruhbeck G, Gémez-Ambrosi J, Muruzabal J, Burrel MA. (2001)The
adipocyte: a model for integration of endocrine and metabolic signalling
in energy metabolism regulation. Am J Physiol Endocrinol Metabol.
280:E827-47.

Frubeck G. (2006) Intracellular signalling pathways activated by leptin.
Biochem J. 393:7-20.

Fruebis J, Tsao TS, Javorschi S, Ebbets-Reed D, Erickson MR, Yen
FT, Bihain BE, Lodish HF.(2001) Proteolytic cleavage product of 30-
kDa adipocyte complement-related protein increases fatty acid oxidation
in muscle and causes weight loss in mice. Proc Natl Acad Sci U S A .
98,2005-2010.

Furukawa S, Fujita T, Shimabukuro M, Iwaki M, Yamada Y,
Nakajima Y, Nakayama O, Makishima M, Matsuda M, Shimomura
1.(2004) Increased oxidative stress in obesity and its impact on metabolic
syndrome. J Clin Invest 114: 1752-1761.

208


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Frayn%20KN%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Coppack%20SW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Humphreys%20SM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Whyte%20PL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Frayn%20KN%2C%20Coppack%20SW%2C%20Humphreys%20SM%2C%20Whyte%20PL.%20(1989)%20Metabolic%20characteristics%20of%20human%20adipose%20tissue%20in%20vivo.%20Clin%20Sci%2076%3A509-16.
http://www.ncbi.nlm.nih.gov/pubmed?term=Frayn%20KN%2C%20Coppack%20SW%2C%20Humphreys%20SM%2C%20Whyte%20PL.%20(1989)%20Metabolic%20characteristics%20of%20human%20adipose%20tissue%20in%20vivo.%20Clin%20Sci%2076%3A509-16.
http://www.ncbi.nlm.nih.gov/pubmed?term=Frayn%20KN%2C%20Coppack%20SW%2C%20Humphreys%20SM%2C%20Whyte%20PL.%20(1989)%20Metabolic%20characteristics%20of%20human%20adipose%20tissue%20in%20vivo.%20Clin%20Sci%2076%3A509-16.
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Frayn%20KN%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Humphreys%20SM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Coppack%20SW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Frayn%20KN%2C%20Humphreys%20SM%2C%20Coppack%20SW.%20Fuel%20selection%20in%20white%20adipose%20tissue.%20Proc%20Nut%20Soc%201995%3B54%3A177-89.
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fruebis%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tsao%20TS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Javorschi%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ebbets-Reed%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Erickson%20MR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yen%20FT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yen%20FT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yen%20FT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bihain%20BE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lodish%20HF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Fruebis%2C%20J.%2C%20Tsao%2C%20T.%20S.%2C%20Javorschi%2C%20S.%20et%20al.%20(2001)%20Proteolytic%20cleavage%20product%20of%2030-kDa%20adipocyte%20complement-related%20protein%20increases%20fatty%20acid%20oxidationin%20muscle%20and%20causes%20weight%20loss%20in%20mice.%20Proc.%20Natl.Acad.%20Sci.%20U.S.A.%2098%2C%202005%E2%80%932010

Fruhbeck G, Gdmez-Ambrosi J, Muruzabal J, Burrel MA.(2001) The
adipocyte: a model for integration of endocrine and metabolic signalling
in energy metabolism regulation. Am J Physiol Endocrinol Metabol.
280:E827-47.

Fruebis J, Tsao TS, Javorschi S, Ebbets-Reed D, Erickson MR, Yen
FT, Bihain BE, Lodish HF. (2001) Proteolytic cleavage product of 30-
kDa adipocyte complement-related protein increases fatty acid
oxidationin muscle and causes weight loss in mice. Proc. Natl.Acad. Sci.
U.S.A. 98, 2005-2010. [PubMed: 11172066]

Galinier A, Carriére A, Fernandez Y, Carpéné C, André M, Caspar-
Bauguil S, Thouvenot JP, Périquet B, Pénicaud L, Casteilla L. (2006)
Adipose tissue proadipogenic redox changes in obesity. J Biol Chem.
5;281(18):12682-7.

Glueck, C. J., R. 1. Levy, And D. S. Frederickson. (1969) Immuno-
Reactive Insulin, Glucose Tolerance And Carbohydrate Inducibility In
E1176 High-Fat Feeding And Hpa Activity Types li, lii, Iv, And V
Hyperlipoproteinemia. Diabetes 18: 739-747.

Goldstein, J. L., and M. S. Brown. (1977)The low-density lipoprotein
pathway and its relation to atherosclerosis. Annu. Rev. Biochem. 46:
897-930.

Gordon ME, McKeever KH.( 2005) Diurnal variation of ghrelin, leptin,
and adiponectin in Standardbred mares. J. Anim. Sci. 83:2365-71.

209


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fruebis%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tsao%20TS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Javorschi%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ebbets-Reed%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Erickson%20MR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yen%20FT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yen%20FT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yen%20FT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bihain%20BE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lodish%20HF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Galinier%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Carri%C3%A8re%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fernandez%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Carp%C3%A9n%C3%A9%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Andr%C3%A9%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Caspar-Bauguil%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Caspar-Bauguil%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Thouvenot%20JP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22P%C3%A9riquet%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22P%C3%A9nicaud%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Casteilla%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Galinier%20A%2C%20Carriere%20A%2C%20Fernandez%20Y%20et%20al.%20Adipose%20tissue%20pro-adipogenic%20redox%20changes%20in%20obesity.%20J%20Biol%20Chem.%202006%3B%20281%3A12682%E2%80%937.

Gordon ME, McKeever KH. (2006) Oral and intravenous carbohydrate
challenges decrease active ghrelin concentrations and alter hormones
related to control of energy metabolism in horses. J. Anim. Sci. 84:1682-
1690.

Gordon ME, McKeever KH, Betros CL, Manso Filho, HC.( 2007)
Plasma leptin, ghrelin and adiponectin concentrations in young fit
racehorses versus mature unfit Standardbreds. The Veterinary Journal
173:91-100.

Gordana Juric-Sekharl, Kamelija Zarkovicl, Georg Waeg2, Ana
Cipak3,and Neven Zarkovic.(2009) Distribution of 4-hydroxynonenal-
protein conjugates as a marker of lipid peroxidation and parameter of
malignancy in astrocytic and ependymal tumors of the brain Tumori, 95:
762-768.

Griffith, O. W. (1999) Biologic and pharmacologic regulation of
mammalian glutathione synthesis. Free Radic. Biol. Med. 27: 922-935.

Guarino, M. P., Afonso, R. A., Raimundo, N., Raposo, J. F. &
Macedo, M. P. (2003) Hepatic glutathione and nitric oxide are critical for
hepatic insulin-sensitizing substance action. Am. J. Physiol. 284: G588-
G594.

Gumuslu S, Bilmen S, Kipmen Korgun D, Yargicoglu P (2001) Age-
related changes in antioxidant enzyme activities and lipid peroxidation in
lungs of control and sulphur dioxide exposed rats. Free Radic Res
34:621-627.

Gumuslu S, Sarikcioglu SB, Sahin E, Yargicoglu P, Agar A (2002)
Influences of different stress models on the antioxidant status and lipid
peroxidation in rat erythrocytes. Free Radic Res 36:1277-1282.

210



Gutteridge JM (1995) Lipid peroxidation and antioxidants as
biomarkers of tissue damage. Clin Chem 41:1819-1828.

H

Haque M, Sanyal AJ.(2002) The metabolic abnormalities associated
with non-alcoholic fatty liver disease. Best Pract Res Clin Gastroenterol.
16:709 —731.

Harada K, Shen WJ, Patel S, Natu V, Wang J, Osuga J, Ishibashi
S, Kraemer FB. (2003)Resistance to high-fat diet-induced obesity and
altered expression of adipose-specific genes in HSL-deficient mice. Am J
Physiol Endocrinol etab. 285:E1182-95.

Harris RB, Kor H. (1992) Insulin insensitivity is rapidly reversed in
rats by reducing dietary fat from 40 to 30% of energy. J Nutr. 122 (9):
1811-22.

Hata Y, Mabuchi H, Saito VY, Itakura H, Egusa G, Ito H, Teramoto
T, Tsushima M, Tada N, Oikawa S, Yamada N, Yamashita
S, Sakuma N, Sasaki J.(2002) Report of the Japan Atherosclerosis
Society (JAS) Guideline for Diagnosis and Treatment of Hyperlipidemia
in Japanese adults. J Atheroscler Thromb. 9(1):1-27.

Heise K, Puntarulo S, Portner HO, Abele D .(2003) Production of
reactive oxygen species by isolated mitochondria of the Antarctic bivalve
Laternula elliptica (King and Broderip) under heat stress. Comp Biochem
Physiol [C] 134:79-90.

211


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Harada%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shen%20WJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Patel%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Natu%20V%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wang%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Osuga%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ishibashi%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ishibashi%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ishibashi%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kraemer%20FB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Harris%20RB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kor%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Harris%20RB%2C%20Kor%20H.%20Insulin%20insensitivity%20is%20rapidly%20reversed%20in%20rats%20by%20reducing%20dietary%20fat%20from%2040%20to%2030%25%20of%20energy.%20J%20Nutr.%201992%3B122%3A1811%E2%80%9322.%20
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hata%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mabuchi%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Saito%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Itakura%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Egusa%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ito%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Teramoto%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Teramoto%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Teramoto%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tsushima%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tada%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Oikawa%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yamada%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yamashita%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yamashita%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yamashita%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sakuma%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sasaki%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Hata%20Y%2C%20Mabuchi%20H%2C%20Saito%20Y%2C%20Itakura%20H%2C%20Egusa%20G%2C%20Ito%20H%2C%20et%20al.%20Report%20of%20the%20Japan%20Atherosclerosis%20Society%20(JAS)%20guideline%20for%20diagnosis%20and%20treatment%20of%20hyperlipidemia%20in%20Japanese%20adults.%20J%20Atheroscler%20Thromb%202002%3B%209%3A%201%E2%80%93%2027.

Himsworth, H. P. (1935)The dietetic factor determining the glucose
tolerance and the sensitivity to insulin of healthy men. Clin. Sci. (Colch.)
2: 67-94.

Hogg PJ. (2003) Disulfide bonds as switches for protein function. Trends
Biochem Sci 28: 210-214.

Hopkins TA, Ouchi N, Shibata R, Walsh K. (2006)Adiponectin actions
in the cardiovascular system. Cardiovasc Res 74:11- 18. [PubMed:
17140553].

Hotamisligil GS, Shargill NS, Spiegelman BM. (1993)Adipose
expression of tumor necrosis factor-alpha: direct role in obesity- linked

insulin resistance. Science. 259:87-91.

Hotta M, Tashiro F, Ikegami H, Niwa H, Ogihara T, Yodoi J,
Miyazaki J. (1998). Pancreatic beta cell-specific expression of
thioredoxin, an antioxidative and antiapoptotic protein, prevents
autoimmune and streptozotocin-induced diabetes. J. Exp. Med. 188:1445-
1454,

Hotta K, Funahashi T, Arita Y, Takahashi M, Matsuda M,
OkamotoY, Iwahashi H, Kuriyama H, Ouchi N, Maeda K, Nishida
M, Kihara S, Sakai N, Nakamura T, Hasegawa K, Muraguchi M,
Ohmoto Y, Nakamura T, Yamashita S, Hanafusa T, Matsuzawa Y.
(2000). Plasma Concentrations of a Novel, Adipose-Specific Protein,
Adiponectin, in Type 2 Diabetic Patients. Arterioscler. Thromb. Vasc.
Biol. 20:1595-99.

Hotta K, funahashi t, bodkin nl, ortmeyer hk, arita y, hansen bc,
matsuzawa y. (2001) Circulating concentrations of the adipocyte protein

adiponectin are decreased in parallel with reduced insulin sensitivity

212


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hopkins%20TA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ouchi%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shibata%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Walsh%20K%22%5BAuthor%5D

during the progression to type 2 diabetes in rhesus monkeys. diabetes
50:1126-1133.

Hu, E., Liang, P. and Spiegelman, B. M. (1996) AdipoQ is a novel
adipose-specific gene dysregulated in obesity. J. Biol. Chem. 271, 10697—
10703.

Hug C, Wang J, Ahmad NS, Bogan JS, Tsao TS, Lodish HF.
(2004)Tcadherin is a receptor for hexameric and high-molecular-weight
forms of Acrp30/adiponectin. Proc Natl Acad Sci USA 101:10308-
10313.

Hu KQ, Kyulo NL, Esrailian E, Thompson K, Chase R, Hillebrand
DJ, Runyon BA. (2004) Overweight and obesity, hepatic steatosis, and
progression of chronic hepatitis C: a retrospective study on a large cohort
of patients in the United States. J Hepatol. 40:147-54.

Hulsmann, W. C. (1978)Abnormal stress reactions after feeding diets in
(very) long-chain fatty acids: high levels of corticosterone and

testosterone. Mol. Cell Endocrinol. 12: 1-8.

Ikejima K, Okumura K, Lang T,Honda H, Abe W, Yamashina
S, Enomoto N, Takei Y, Sato N.(2005) The role of leptin in progression
of non-alcoholic fatty liver disease. Hepatol Res. 33(2):151-4.

Ikemoto S, Takahashi M, Tsunoda N, Maruyama K, Itakura H,
Ezaki O. (1996) High-fat diet-induced hyperglycemia and obesity in
mice: differential effects of dietary oils. Metabolism. 45(12):1539-46.

213


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hu%20KQ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kyulo%20NL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Esrailian%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Thompson%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chase%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hillebrand%20DJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hillebrand%20DJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hillebrand%20DJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Runyon%20BA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ikejima%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Okumura%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lang%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Honda%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Abe%20W%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yamashina%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yamashina%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yamashina%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Enomoto%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Takei%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sato%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Ikejima%20K%2C%20Okumura%20K%2C%20Lang%20T%2C%20et%20al.%20The%20role%20of%20leptin%20in%20progression%20of%20non-alcoholic%20fatty%20liver%20disease.%20Hepatol%20Res.%202005%3B33%3A151%E2%80%93%204.
http://www.ncbi.nlm.nih.gov/pubmed/8969289
http://www.ncbi.nlm.nih.gov/pubmed/8969289

Ikemoto S, Takahashi M, Tsunoda N, Maruyama K, Itakura H,
Kawanaka K, Tabata I, Higuchi M, Tange T, Yamamoto TT, Ezaki
O. (1997) Cholate inhibits high-fat diet-induced hyperglycemia and
obesity with acyl-CoA synthetase mMRNA decrease. Am J Physiol. 273(1
Pt 1):E37-45.

Imai, junta, hideki katagiri, tetsuya Yamada, yasushi ishigaki,
takehide Ogihara, kenji uno, yutaka hasegawa, Junhong gao,
hisamitsu ishihara, hironobu Sasano, and yoshitomo oka. (2006)

Cold exposure Suppresses serum adiponectin levels through sympathetic
Nerve activation in mice. Obesity. 14:1132-1141.

Ishigaki Y, Katagiri H, Yamada T, Ogihara T,Imai J,Uno
K, Hasegawa Y, Gao J,Ishihara H, Shimosegawa T, Sakoda
H, Asano T,Oka Y. (2005) Dissipating excess energy stored in
the liver is apotential treatment strategy for diabetes associated
with obesity. Diabetes. 54(2):322-32.

I. S. Youngl and J. McEneny .(2001) Lipoprotein oxidation and
atherosclerosis. Department of Clinical Biochemistry, Institute of Clinical
Science, Royal Group of Hospitals, Belfast BT12 6BJ, Northern Ireland,

U.K. Biochemical Society Transactions , Volume 29, part 2.

Itakura H, Ezaki O. (1996) High-fat diet-induced hyperglycemia and
obesity in mice: differential effects of dietary oils. Metabolism. 45:1539-
46.

Iwashima Y, Katsuya T, Ishikawa K, Kida I, Ohishi M, Horio T,
Ouchi N, Ohashi K, Kihara S, Funahashi T, Rakugi H, Ogihara T.
(2005)Association of hypoadiponectinemia with smoking habit in men.
Hypertension 45: 1094-1100.

214


http://www.ncbi.nlm.nih.gov/pubmed/9252477
http://www.ncbi.nlm.nih.gov/pubmed/9252477
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ishigaki%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Katagiri%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yamada%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ogihara%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Imai%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Uno%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Uno%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Uno%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hasegawa%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gao%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ishihara%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shimosegawa%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sakoda%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sakoda%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sakoda%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Asano%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Oka%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Ishigaki%20Y%2C%20Katagiri%20H%2C%20Yamada%20T%2C%20et%20al.%20Dissipating%20excess%20energy%20stored%20in%20the%20liver%20is%20a%20potential%20treatment%20strategy%20for%20diabetes%20associated%20with%20obesity.%20Diabetes.%202005%3B%2054%3A322%E2%80%9332.

Iwashima Y, Katsuya T, Ishikawa K, Kida I, Ohishi M, Horio
T, Ouchi N, Ohashi K, Kihara S, Funahashi T, Rakugi H, Ogihara
T.(2005)Association of hypoadiponectinemia with smoking habit
in men. Hypertension. 45(6):1094-100.

J

Jacobi SK, Ajuwon KM, Weber TE, Kuske JL, Dyer CJ, Spurock
ME. (2004) Cloning and expression of porcine adiponectin, and its
relationship to adiposity, lipogenesis and the acute phase response. J of
Endocrinology. 182:133-144.
Javier Fernando Bonilla/Magda Carolina Sanchez/ Lilian
Chuaire. (2007)Glucose-6-phosphate dehydrogenase (g6pd). Response
of the. Human erythrocyte and another cells to the decrease in their
activity. http://redalyc.uaemex.mx/pdf/283/28338112.pdf.

Johnson EO, Kamilaris TC, Chrousos GP, Gold PW (1992)
Mechanisms of stress: a dynamic overview of hormonal and behavioral

homeostasis. Neurosci Biobehav Rev 16:115-130.

J Karbowska ( Karbowska J) , Kochan Z. (2006) Role of
adiponectin in the regulation of carbohydrate and lipid metabolism. J
Physiol Pharmacol. 57 Suppl 6:103-13.

Jonsson JR, Moschen AR, Hickman 1J, Richardson MM, Kaser
S, Clouston AD, Powell EE, Tilg H. (2005)Adiponectin and its
receptors in patients with chronic hepatitis C. J Hepatol 43:929-936.

Judit Olalh (Olah J) ,Orosz F, Keseri GM, Kovéri Z, Kovacs
J, Hollan S, Ovadi J. (2002) Triosephosphate isomerase deficiency: a
neurodegenerative misfolding disease. Biochem Soc Trans. 30(2):30-8.

215


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Iwashima%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Katsuya%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ishikawa%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kida%20I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ohishi%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Horio%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Horio%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Horio%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ouchi%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ohashi%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kihara%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Funahashi%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rakugi%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ogihara%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ogihara%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ogihara%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=with%20smoking%20habit%20in%20men.%20Hypertension%202005%3B45%3A%201094%E2%80%931100.
http://redalyc.uaemex.mx/pdf/283/28338112.pdf
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Karbowska%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Karbowska%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kochan%20Z%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%20Karbowska%20J%2C%20%20Z.%20KOCHAN.(2006)%20Role%20of%20adiponectin%20in%20the%20regulation%20of%20carbohydrate%20and%20lipid%20metabolism.%20J%20Physiol%20Pharmacol.%2057%20Suppl%206%3A103-13.
http://www.ncbi.nlm.nih.gov/pubmed?term=%20Karbowska%20J%2C%20%20Z.%20KOCHAN.(2006)%20Role%20of%20adiponectin%20in%20the%20regulation%20of%20carbohydrate%20and%20lipid%20metabolism.%20J%20Physiol%20Pharmacol.%2057%20Suppl%206%3A103-13.
http://www.ncbi.nlm.nih.gov/pubmed?term=%20Karbowska%20J%2C%20%20Z.%20KOCHAN.(2006)%20Role%20of%20adiponectin%20in%20the%20regulation%20of%20carbohydrate%20and%20lipid%20metabolism.%20J%20Physiol%20Pharmacol.%2057%20Suppl%206%3A103-13.
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jonsson%20JR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Moschen%20AR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hickman%20IJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Richardson%20MM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kaser%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kaser%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kaser%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Clouston%20AD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Powell%20EE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tilg%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ol%C3%A1h%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Orosz%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Keser%C3%BC%20GM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kov%C3%A1ri%20Z%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kov%C3%A1cs%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kov%C3%A1cs%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kov%C3%A1cs%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Holl%C3%A1n%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ov%C3%A1di%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Judit%20Ola!h*%2C%20Ferenc%20Orosz*%2C%20Gyo%24%20rgy%20M.%20Keseru%25.%2C%20Zolta!n%20Kova!ri.%2C%20Ja!nos%20Kova!cs.%2C%20Susan%20Holla!n%C2%8D%20and%20Judit%20Ova!di2002%20Triosephosphate%20isomerase%20deficiency%3A%20a%20neurodegenerative%20misfolding%20disease

Jump DB.(2002) Dietary polyunsaturated fatty acids and regulation of
gene transcription. Curr Opin Lipidol. 13:155- 64.

K

Kadowaki T, Yamouchi T. (2005)Adiponectin and adiponectin
receptors. The Endocrine Society. Endocrine Reviews 26:439-451.

Kadowaki T, Yamauchi T, Kubota N, Hara K, Ueki K, Tobe K.
(2006) Adiponectin and adiponectin receptors in insulin resistance,
diabetes, and the metabolic syndrome. J Clin Invest 116:1784-1792.
[PubMed: 16823476].

Kalra, S.P. & Kalra, P.S.(2004) NPY and cohorts in regulating appetite,
obesity and metabolic syndrome: beneficial effects of gene therapy.
Neuropeptides 38, 201-211 .

Kamigaki M, Sakaue S, Tsujino I, Ohira H, lkeda D, Itoh N,
Ishimaru S, Ohtsuka Y, Nishimura M .(2006) Oxidative stress
provokes atherogenic changes in adipokine gene expression in 3T3-L1
adipocytes. Biochem Biophys Res Commun;339:624-632.

Karbowska J, Kochan Z.(2005) Effect of DHEA on endocrine functions
of adipose tissue, the involvement of PPARY. Biochem Pharmacol 70:
249-257.

Karbowska J, Kochan Z. (2006) Role of adiponectin in the
regulation of carbohydrate and lipid metabolism. J Physiol Pharmacol.
57 Suppl 6:103-13.

216


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kadowaki%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yamauchi%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kubota%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hara%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ueki%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tobe%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Karbowska%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kochan%20Z%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%20Karbowska%20J%2C%20%20Z.%20KOCHAN.(2006)%20Role%20of%20adiponectin%20in%20the%20regulation%20of%20carbohydrate%20and%20lipid%20metabolism.%20J%20Physiol%20Pharmacol.%2057%20Suppl%206%3A103-13.

Kaser S, Moschen A, Cayon A, Kaser A, Crespo J, Pons-Romero
F, Ebenbichler CF, Patsch JR, Tilg H.(2005) Adiponectin and its

receptors in non-alcoholic steatohepatitis. Gut 54:117-121.

Keaney JF, Jr., Larson MG, Vasan RS, Wilson PW, Lipinska I,
Corey D, Massaro JM, Sutherland P, Vita JA, Benjamin EJ. (2003)
Obesity and systemic oxidative stress: clinical correlates of oxidative
stress in the Framingham Study. Arterioscler Thromb Vasc Biol;23:434—
4309.

Kearns CF, McKeever KH, Roegner V, Brady SM, Malinowski K.
(2006). Adiponectin and leptin are related to fat mass in horses. The
Veterinary Journal 172:460-5.

Kennedy DR, Hammond RP, Homolsky MW (1977) Thyroid cold
acclimation influences on norepinephrine metabolism in brown fat. Am J
Physiol 232:565-5609.

Kern PA, DiGregorio GB, Lu T, Rassouli N, Ranganathan G.( 2003)
Adiponectin expression from human adipose tissue: relation to obesity,
insulin resistance, and tumor necrosis factor-alpha expression. Diabetes
52:1779-1785.

Kim HJ, Takahashi M, Ezaki O. (1999)Fish oil feeding decreases
mature sterol regulatory element-binding protein 1 (SREBP-1) by
down-regulation of SREBP-1c mRNA in mouse liver: a possible
mechanism for down-regulation of lipogenic enzyme mRNAs. J Biol
Chem. 274:25892- 8.

Kissebah AH, Sonnenberg GE, Myklebust J, Goldstein M, Broman
K, James RG, Marks JA, Krakower GR, Jacob HJ, Weber J, Martin
L, Blangero J, Comuzzie AG.(2000) Quantitative trait loci on

217


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kaser%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Moschen%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cayon%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kaser%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Crespo%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pons-Romero%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pons-Romero%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ebenbichler%20CF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Patsch%20JR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tilg%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kissebah%20AH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sonnenberg%20GE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Myklebust%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Goldstein%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Broman%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Broman%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Broman%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22James%20RG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Marks%20JA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Krakower%20GR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jacob%20HJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Weber%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Martin%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Martin%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Martin%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Blangero%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Comuzzie%20AG%22%5BAuthor%5D

chromosomes 3 and 17 influence phenotypes of the metabolic syndrome.
Proc. Natl. Acad. Sci. U.S.A. 97, 14478-14483.

Kletzien RF, Harris PKW, Foellmi LA.(1994) Glucose-6-phosphate
dehydrogenase: a ‘“housekeeping” enzyme subject to tissue-specific

regulation by hormones, nutrients, and oxidant stress. FASEB J. 8:174 —
181.

Kobayashi H, Ouchi N, Kihara S, Walsh K, Kumada M, Abe Y,
Funahashi T, Matsuzawa Y.( 2004) Selective suppression of endothelial
cell apoptosis by the high molecular weight form of adiponectin. Circ Res
94:e27—e31.

Kohen R, Nyska A.(2002) Oxidation of biological systems: oxidative
stress phenomena, antioxidants, redox reactions, and methods for their
quantification. Toxicol Pathol. 30: 620-50.

Kolterman, O. G., M. Greenfield, G. M. Reaven, M. Saekow,and J.
M. Olefsky. (1979)Effects of a high carbohydrate diet on insulin binding
to adipocytes and on insulin action in vivo and in man. Diabetes 28: 731-
736.

Koshimura J, Fujita H,Narita T, Shimotomai T, Hosoba
M, Yoshioka N, Kakei M, Fujishima H, Ito S.(2004) Urinary
adiponectin excretion is increased in patients with overt diabetic
nephropathy. Biochem Biophys Res Comms 316: 165-1609.

Kreier F, Fliers E, Voshol PJ, Van Eden CG, Havekes LM, Kalsbeek
A, Van Heijningen CL, Sluiter AA, Mettenleiter TC, Romijn JA
, Sauerwein  HP, Buijs RM. (2002)Selective  parasympathetic
innervation of subcutaneous and intra-abdominal fat — functional
implications. J Clin Invest. 2002:110:1243-50.

218


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Koshimura%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fujita%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Narita%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shimotomai%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hosoba%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hosoba%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hosoba%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yoshioka%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kakei%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fujishima%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ito%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kreier%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fliers%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Voshol%20PJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Van%20Eden%20CG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Havekes%20LM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kalsbeek%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kalsbeek%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kalsbeek%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Van%20Heijningen%20CL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sluiter%20AA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mettenleiter%20TC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Romijn%20JA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sauerwein%20HP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Buijs%20RM%22%5BAuthor%5D

Kubota N, Terauchi Y, Yamauchi T, Kubota T, Moroi M, Matsui
J,Eto K, Yamashita T, Kamon J,Satoh H, Yano W, Froguel
P, Nagai R, Kimura S, Kadowaki T, Noda T. (2002) Disruption of
adiponectin causes insulin resistance and neointimal formation. J Biol
Chem. 277:25863- 6.

Kumada M, Kihara S, Sumitsuji S, Kawamoto T, Matsumoto
S,Ouchi N, Arita Y,Okamoto Y, Shimomura I, Hiraoka
H, Nakamura T, Funahashi T, Matsuzawa Y; Osaka CAD Study
Group. Coronary artery disease.(2003)Association of
hypoadiponectinemia with coronary artery disease in men. Arterioscler.
Thromb. Vasc. Biol. 23:85-89.

Kumada M, Kihara S, Ouchi N, Kobayashi H, Okamoto Y, Ohashi
K, Maeda K, Nagaretani H, Kishida K, Maeda N, Nagasawa A,
Funahashi T, Matsuzawa Y .(2004) Adiponectin specifically increased
tissue inhibitor of metalloproteinase-1 through interleukin- 10 expression

in human macrophages. Circulation 109:2046—2049.

Kylin E.(1923) Studien tber das Hypertonie-Hyperglykamie-Hyperurika
miesyndrom. Zentralblatt fir Innere Medizin 44:105-127.

L

Laclaustra, M. et al. (2007) 17 Metabolic syndrome pathophysiology:
the role of adipose tissue. Nutr Metab Cardiovasc Dis 125-139.

Lam TK, van de WG, Giacca A.(2003) Free fatty acids increase basal
hepatic glucose production and induce hepatic insulin resistance at
different sites. Am J Physiol Endocrinol Metab. 284:E281-90.

219


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kubota%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Terauchi%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yamauchi%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kubota%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Moroi%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Matsui%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Matsui%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Matsui%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Eto%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yamashita%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kamon%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Satoh%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yano%20W%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Froguel%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Froguel%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Froguel%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nagai%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kimura%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kadowaki%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Noda%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kumada%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kihara%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sumitsuji%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kawamoto%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Matsumoto%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Matsumoto%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Matsumoto%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ouchi%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Arita%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Okamoto%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shimomura%20I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hiraoka%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hiraoka%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hiraoka%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nakamura%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Funahashi%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Matsuzawa%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Osaka%20CAD%20Study%20Group.%20Coronary%20artery%20disease%22%5BCorporate%20Author%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Osaka%20CAD%20Study%20Group.%20Coronary%20artery%20disease%22%5BCorporate%20Author%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Osaka%20CAD%20Study%20Group.%20Coronary%20artery%20disease%22%5BCorporate%20Author%5D

Lavau M, Fried SK, Susini C, Freychet P. (1979)Mechanism of insulin
resistance in adipocytes of rats fed a high-fat diet. J Lipid Res. 1979;20:8
~16.

Laurel H. Hartwell and Jonathan M. Schwartz (2009) Evaluation and
Management of Abnormal Liver Chemistry Tests in the Asymptomatic
Outpatien Vol. 16, No. 11 JCOM.,

Leema Reddy Peddareddygari, Ana Virginia Dutral, Mark A
Levenstien,Souvik Sen and Raji P Grewal .(2009) An analysis of
Methylenetetrahydrofolate reductase and  GlutathioneS-transferase
omega-1 genes as modifiers of the cerebral response to Ischemia BMC

Neurology 9:37.

Lei, X. G. (2002) In vivo antioxidant role of glutathione peroxidase:

evidence from knockout mice. Methods Enzymol. 347: 213-225.

Leopold JA, Loscalzo J. (2000) Cyclic strain modulates resistance to
oxidant stress by increasing G6PD expression in smooth muscle cells.
Am J Physiol. 279:H2477-H2485.

Lingohr MK, Buettner R, Rhodes CJ. (2000) Pancreatic beta-cell
growth and survival: a role in obesity-linked type 2 diabetes. Trends Mol
Med. 8:375- 84.

Lipid Research Clinics Program. (1984)The lipid research clinic’s
coronary primary prevential trial results. JAMA 251: 351-374.

Liu L, Karkanias GB, Morales JC, Hawkins M, Barzilai N, Wang
J, Rossetti L.(1998) Intracerebroventricular leptin regulates hepatic but

not peripheral glucose fluxes. J Biol Chem. 273:31160 —7.

220


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Liu%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Karkanias%20GB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Morales%20JC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hawkins%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Barzilai%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wang%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wang%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wang%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rossetti%20L%22%5BAuthor%5D

Liu CJ, Chen PJ, Jeng YM, Huang WL, Yang WS, Lai MY , KaoJH,
Chen DS.(2005) Serum adiponectin correlates with viral characteristics
but not histologic features in patients with chronic hepatitis C. J Hepatol
43:235-242.

Liu Y, Michael MD, Kash S, Bensch WR, Monia BP, Murray
SF, Otto KA, Syed SK, Bhanot S, Sloop KW, Sullivan JM, Reifel-
Miller A.(2007)Deficiency of adiponectin receptor 2 reduces diet-
induced insulin resistance but promotes type 2 diabetes. Endocrinology
148:683-692.

Lopez IP, Marti A, Milagro FI, Zulet Md Mde L, Moreno-Aliaga
MJ, Martinez JA, De Miguel C. (2003) DNA microarray analysis of
genes differentially expressed in diet-induced (cafeteria) obese rats. Obes
Res. 11:188 —94.

Lord E, Ledoux S, Murphy BD, Beaudry D, Palin MF.(2005)
Expression of adiponectin and its receptors in swine. J. Anim. Sci.
83:565-78.

Lu B, Ennis D, Lai R, Bogdanovic E, Nikolov R, Salamon L, Fantus
C, Le-Tien H, Fantus IG . (2001) Enhanced sensitivity of insulin
resistant adipocytes to vanadate is associated with oxidative stress and
decreased reduction of vanadate (_ 5) to vanadyl (_4). J Biol Chem
;276:35589-35598.

Luo J, Rizkalla SW, Boillot J, Alamowitch C, Chaib H, Bruzzo F
, Desplanque N, Dalix AM, Durand G, Slama G. (1996) Dietary (n 3)
polyun- saturated fatty acids improve adipocyte insulin action and
glucose metabolism in insulin-resistant rats:relation to membrane fatty
acids. J Nutr. 126(8):1951-8.

221


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Liu%20CJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chen%20PJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jeng%20YM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Huang%20WL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yang%20WS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lai%20MY%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kao%20JH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chen%20DS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Liu%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Michael%20MD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kash%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bensch%20WR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Monia%20BP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Murray%20SF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Murray%20SF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Murray%20SF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Otto%20KA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Syed%20SK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bhanot%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sloop%20KW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sullivan%20JM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Reifel-Miller%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Reifel-Miller%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22L%C3%B3pez%20IP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Marti%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Milagro%20FI%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zulet%20Md%20Mde%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Moreno-Aliaga%20MJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Moreno-Aliaga%20MJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Martinez%20JA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22De%20Miguel%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Luo%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rizkalla%20SW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Boillot%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Alamowitch%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chaib%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bruzzo%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Desplanque%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dalix%20AM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Durand%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Slama%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Luo%20J%2C%20Rizkalla%20SW%2C%20Boillot%20J%2C%20et%20al.%20Dietary%20(n-3)%20polyunsaturated%20fatty%20acids%20improve%20adipocyte%20insulin%20action%20and%20glucose%20metabolism%20in%20insulin-resistant%20rats%3A%20relation%20to%20membrane%20fatty%20acids.%20J%20Nutr.%201996%3B126%3A1951%E2%80%93%208.%20

Luo J, Rizkalla SW, Boillot J, Alamowitch C, Chaib H, Bruzzo
F, Desplanque N, Dalix AM, Durand G, Slama G. (1996) Dietary (n-
3) polyunsaturated fatty acids improve adipocyte insulin action and
glucose metabolism in insulin-resistant rats:relation to membrane fatty
acids. J Nutr. 126(8):1951-8.

Lu, S. C. (2000) Regulation of glutathione synthesis. Curr. Top. Cell
Regul. 36: 95-116.

M

Maddipati KR, Marnett LJ. (1987)Characterization of the major
hydroperoxide- reducing activity of human plasma. Purification and
properties of a selenium- dependent glutathione peroxidase. J Biol Chem
262: 17398-17403.

Maeda, K., Okubo, K., Shimomura, I., Funahashi, T.,Matsuzawa, Y.
and Matsubara, K. (1996) cDNA cloning and expression of a novel
adipose specific collagen-like factor, apM1 (AdiPose Most abundant
Gene transcript 1). Biochem. Biophys. Res. Commun. 221, 286-289.

Maeda, K., Okubo, K., Shimomura, I., Mizuno, K., Matsuzawa, Y.
and Matsubara, K. (1997) Analysis of an expression profile of genes in
the human adipose tissue. Gene 190, 227-235

Maeda N, Shimomura |, Kishida K, Nishizawa H, Matsuda
M, Nagaretani H, Furuyama N, Kondo H, Takahashi M, Arita
Y, Komuro R, Ouchi N, Kihara S, Tochino Y, Okutomi K,Horie
M, Takeda S, Aoyama T, Funahashi T, Matsuzawa Y..(2002)Maeda

222


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Luo%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rizkalla%20SW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Boillot%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Alamowitch%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chaib%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bruzzo%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bruzzo%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bruzzo%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Desplanque%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dalix%20AM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Durand%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Slama%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%20Luo%20J%2C%20Rizkalla%20SW%2C%20Boillot%20J%2C%20et%20al.%20Dietary%20(n-3)%20polyunsaturated%20fatty%20acids%20improve%20adipocyte%20insulin%20action%20and%20glucose%20metabolism%20in%20insulin-resistant%20rats%3A%20relation%20to%20membrane%20fatty%20acids.%20J%20Nutr.%201996%3B126%3A1951%E2%80%93%208.%20
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Maeda%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shimomura%20I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kishida%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nishizawa%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Matsuda%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Matsuda%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Matsuda%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nagaretani%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Furuyama%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kondo%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Takahashi%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Arita%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Arita%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Arita%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Komuro%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ouchi%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kihara%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tochino%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Okutomi%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Horie%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Horie%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Horie%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Takeda%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Aoyama%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Funahashi%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Matsuzawa%20Y%22%5BAuthor%5D

N, Shimomura |, Kishida K, et al. Diet-induced insulin resistance in mice
lacking adiponectin/ACRP30. Nat Med. 8:731-7.

Maegawa H, Kobayashi M, Ishibashi O, Takata Y, Shigeta Y.(1986)
Effect of diet change on insulin action: difference between muscles and
adipo- cytes . Am J Physiol. 251: E616-23.

Mangiapane, E. H., and D. N. Brindley. (1985) Effects of
dexamethasone and insulin on the synthesis of triacylglycerols and
phosphotidylcholine and the secretion of very-low-density lipoproteins
and lysophosphatidyl choline by monolayer cultures of rat hepatocytes.
Biochem. J. 233: 151-160.

Marceau P, Biron S, Hould FS, Marceau S, Simard S, Thung
SN, Kral JG. (1999) Liver pathology and the metabolic syndrome
X in severe obesity. J Clin Endocrinol Metab. 84(5):1513-7.

Marin P, Rebuffe-Scrive M, Smith U, Bjorntorp P.(1987) Glucose
uptake in human adipose tissue. Metabolism 36:1154- -60.

Matsuzawa Y, Shimomura |, Kihara S, Funahashi T. (2003)
Importance of adipocytokines in obesity-related diseases. Horm Res
60(Suppl 3):56-59.

Matsushita K, Yatsuya H, Tamakoshi K,Wada K, Otsuka
R, Takefuji S, Sugiura K, Kondo T, Murohara T, Toyoshima H.
(2006) Comparison of circulating adiponectin and proinflammatory
markers regarding their association with metabolic syndrome in Japanese
men. Arterioscler. Thromb. Vasc. Biol. 26:871-876.

McDowell GH, Gooden JM, Leenanuruksa D, Jois M, English AW.
(1987) Effects of exogenous growth hormone on milk production and
nutrient uptake by muscle and mammary tissues of dairy cows in mid-
lactation. Australian J. of Biol. Sci. 40:295-306.

223


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Marceau%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Biron%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hould%20FS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Marceau%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Simard%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Thung%20SN%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Thung%20SN%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Thung%20SN%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kral%20JG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Marceau%20P%2C%20Biron%20S%2C%20Hould%20FS%2C%20et%20al.%20Liver%20pathology%20and%20the%20metabolic%20syndrome%20X%20in%20severe%20obesity.%20J%20Clin%20Endocrinol%20Metab.%201999%3B84%3A1513%E2%80%937.
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Matsushita%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yatsuya%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tamakoshi%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wada%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Otsuka%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Otsuka%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Otsuka%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Takefuji%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sugiura%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kondo%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Murohara%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Toyoshima%20H%22%5BAuthor%5D

McTernan PG, McTernan CL, Chetty R, Jenner K, Fisher
FM, Lauer MN, Crocker J, Barnett AH, Kumar S. (2002) Increased
resistin gene and protein expression in human abdominal adipose tissue. J
Clin Endocrinol Metab. 87:2407-10.

Meilian LIU (Liu M) and Feng LI1U.(2010) Transcriptional and post-
translational regulation of adiponectin Biochem. J. (2010) 425, 41-52
(Printed in Great Britain) doi:10.1042/BJ20091045 41( Biochem J. 2009
Dec 14;425(1):41-52.).

Michiels C, Remacle J.(1988) Use of the inhibition of enzymatic
antioxidant systems in order to evaluate their physiological importance.
Eur J Biochem 177: 435-441.

Michael M. Swarbrick (Swarbrick MM), and Peter J. Havel .(2007)
Physiological, Pharmacological, and Nutritional Regulation of
Circulating Adiponectin Concentrations in Humans .Metab Syndr Relat
Disord. 2008 6(2):87-102.

Mikurube H, Kaneko M, Murata C, Komaki Y, Ishikawa
N, Higashiyama R, Fukasawa K, Watanabe T. (2005)Association of
change in the type of job with prevalence of components of the
metabolic syndrome—special reference to job stress. Nippon Koshu Eisei
Zasshi 52, 987-993 .

Milagro (Fermin I. Milagro* Javier Campion-and J.
Alfredo Martinez. (2006) Weight Gain Induced by High-Fat Feeding
Involves Increased Liver Oxidative Stress Obesity 14, 1118-1123; doi:
10.1038/0by.2006.128.

224


http://www.ncbi.nlm.nih.gov/pubmed?term=%22McTernan%20PG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22McTernan%20CL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chetty%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jenner%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fisher%20FM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fisher%20FM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fisher%20FM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lauer%20MN%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Crocker%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Barnett%20AH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kumar%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Liu%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Meilian%20LIU*%20and%20Feng%20LIU%20Transcriptional%20and%20post-translational%20regulation%20of%20adiponectin%20Biochem.%20J.%20(2010)%20425%2C%2041%E2%80%9352%20(Printed%20in%20Great%20Britain)%20doi%3A10.1042%2FBJ20091045%2041
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Swarbrick%20MM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Physiological%2C%20Pharmacological%2C%20and%20Nutritional%20Regulation%20of%20Circulating%20Adiponectin%20Concentrations%20in%20Humans
http://www.ncbi.nlm.nih.gov/pubmed?term=Physiological%2C%20Pharmacological%2C%20and%20Nutritional%20Regulation%20of%20Circulating%20Adiponectin%20Concentrations%20in%20Humans
http://www.ncbi.nlm.nih.gov/pubmed?term=Physiological%2C%20Pharmacological%2C%20and%20Nutritional%20Regulation%20of%20Circulating%20Adiponectin%20Concentrations%20in%20Humans
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mikurube%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kaneko%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Murata%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Komaki%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ishikawa%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ishikawa%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ishikawa%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Higashiyama%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fukasawa%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Watanabe%20T%22%5BAuthor%5D

Minokoshi Y, Kim YB, Peroni OD, Fryer LG, Muller C, Carling D,
Kahn BB. ( 2002 ) Leptin stimulates fatty-acid oxidation by activating
AMP-activated protein kinase. Nature 415:339-343.

Miriam Helena Fonseca-Alaniz, Julie Takada, Maria Isabel Cardoso
Alonso-Vale,Fabio Bessa Lima.(2007) Adipose tissue as an endocrine

organ: from theory to practice Jornal de Pediatria - VVol. 83, No. 5(Suppl).

Miwa Ryo (Ryo M), Nakamura T, Kihara S, Kumada M, Shibazaki
S, Takahashi M, Nagai M, Matsuzawa Y, Funahashi T . (2004)
Adiponectin as a Biomarker of the Metabolic Syndrome. Circ J.
68(11):975-81.

Miyazaki T, Shimada K, Mokuno H, Daida H . (2003) Adipocyte
derived plasma protein, adiponectin, is associated with smoking status in

patients with coronary artery disease. Heart 89:663.

Modan M, Halkin H, Almog S, Lusky A, Eshkol A, Shefi M, Shitrit
A, Fuchs Z.(1985) Modan M, Halkin H, Almog S, Lusky A, Eshkol A,
Shefi M, et al. Hyperinsulinemia. A link between hypertension obesity

and glucose intolerance. J Clin Invest 75:809-817.

Mohanty P, Hamouda W, Garg R, Aljada A, Ghanim H, Dandona P.
(2000) Glucose challenge stimulates reactive oxygen species (ROS)

generation by leucocytes. J Clin Endocrinol Metab. 85:2970 -3.

Moreno-Aliaga MJ, Campio'n J, Milagro FI, Berjo'n A, Marti'nez
JA. (2005) Adiposity and proinflammatory state: the chicken or the egg.
Adipocytes. 1:1-9.

Moss DW, Henderson AR. (1986) Enzymes. In: Burtis CA, Ashwood
ER, eds. Tietz. Textbook of Clinical Chemistry. Second edn.
Philadelphia, Saunders, 735-896.

225


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ryo%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nakamura%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kihara%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kumada%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shibazaki%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shibazaki%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shibazaki%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Takahashi%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nagai%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Matsuzawa%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Funahashi%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Miwa%20Ryo%2C%20MD%3B%20Tadashi%20Nakamura%2C%20MD%3B%20Shinji%20Kihara%2C%20MD%3B%20Masahiro%20Kumada%2C%20MD%3B%20Satomi%20Shibazaki%2C%20MD*%3B%20Mihoko%20Takahashi%2C%20PhD*%3B%20Masaki%20Nagai%2C%20MD*%3B%20Yuji%20Matsuzawa%2C%20MD**%3B%20Tohru%20Funahashi%2C%20MD%20%20%20%20Adiponectin%20as%20a%20Biomarker%20of%20the%20Metabolic%20Syndrome%20
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Modan%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Halkin%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Almog%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lusky%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Eshkol%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shefi%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shitrit%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shitrit%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shitrit%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fuchs%20Z%22%5BAuthor%5D

Moraes RC, Blondet A, Birkenkamp-Demtroeder K, Tirard
J, Orntoft TF, Gertler A, Durand P, Naville D, Bégeot M. (2003)
Study of the alteration of gene expression in adipose tissue of diet-
induced obese mice by microarray and reverse transcription-polymerase
chain reaction analyses. Endocrinology. 2003 Nov;144(11):4773-82.

Motoshima H, Wu X, Mahadev K, Goldstein BJ. (2004) Adiponectin
suppresses proliferation and superoxide generation and enhances eNOS
activity in endothelial cells treated with oxidized LDL. Biochem Biophys
Res Commun 315:264-271.

Musso G, Gambino R, Durazzo M, Biroli G, Carello M, Faga
E, Pacini G, De Miichieli F, Rabbione L, Premoli A, Cassader
M, Pagano G.(2005)  Adipokines in NASH: postprandial lipid
metabolism as a link between adiponectin and liver disease. Hepatology.
42:1175- 83.

Matsuda J, Hosoda K, Itoh H, Son C, Doi K, Tanaka T, Fukunaga
Y, Inoue G, Nishimura H, Yoshimasa Y, Yamori Y, Nakao K.(1997)
Cloning of rat uncoupling protein-3 and uncoupling protein-2 cDNASs:
their gene expression in rats fed high-fat diet. FEBS Lett. 418(1-2):200-
4,

N

Nakano, Y., Tobe, T., Choi-Miura, N. H., Mazda, T. and Tomita, M.
(1996) Isolation and characterization of GBP28, a novel gelatin-binding

protein purified from human plasma. J. Biochem. (Tokyo) 120, 803-812.

226


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Moraes%20RC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Blondet%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Birkenkamp-Demtroeder%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tirard%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tirard%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tirard%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Orntoft%20TF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gertler%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Durand%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Naville%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22B%C3%A9geot%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Moraes%20RC%2C%20Blondet%20A%2C%20Birkenkamp-Demtroeder%20K%2C%20et%20al.%20Study%20of%20the%20alteration%20of%20gene%20expression%20in%20adipose%20tissue%20of%20diet-induced%20obese%20mice%20by%20microarray%20and%20reverse%20transcription-polymerase%20chain%20reaction%20analyses.%20Endocrinology.%202003%3B144%3A4773%E2%80%93%2082.%20
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Motoshima%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wu%20X%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mahadev%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Goldstein%20BJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Musso%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gambino%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Durazzo%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Biroli%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Carello%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fag%C3%A0%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fag%C3%A0%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fag%C3%A0%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pacini%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22De%20Michieli%20F%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rabbione%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Premoli%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cassader%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cassader%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cassader%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pagano%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Matsuda%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hosoda%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Itoh%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Son%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Doi%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tanaka%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fukunaga%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fukunaga%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fukunaga%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Inoue%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nishimura%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yoshimasa%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yamori%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nakao%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Matsuda%20J%2C%20Hosoda%20K%2C%20Itoh%20H%2C%20et%20al.%20Cloning%20of%20rat%20uncoupling%20%20protein-3%20and%20uncoupling%20protein-2%20cDNAs%3A%20their%20gene%20expression%20in%20rats%20fed%20high-fat%20diet.%20FEBS%20Lett.%201997%3B418%3A200%E2%80%934.%20

Nathwani RA, Pais S, Reynolds TB, Kaplowitz N. (2005). "Serum
alanine aminotransferase in skeletal muscle diseases.” Hepatology 41(2):
.380-382

Neumeier M, Weigert J, Schéaffler A, Wehrwein G, Muller-Ladner
U, Scholmerich J, Wrede C, Buechler C.(2006) Different effects of
adiponectin isoforms in human monocytic cells. J Leukoc Biol 79:803—
808. [PubMed: 16434692].

Njalsson R, Norgren S.(2005) Physiological and pathological aspects of
GSH metabolism. Acta Paediatr 94: 132-137 .

Negre-Salvayre A, Coatrieux C, Ingueneau C, Salvayre R. (2008)
Advanced lipid peroxidation end products in oxidative damage to
proteins. Potential role in diseases and therapeutic prospects for the
inhibitors. BrJ Pharmacol. 153(1):6-20.

O

Oakes ND, Cooney GJ, Camilleri S, Chisholm DJ, Kraegen EW .
(1997) Mechanisms of liver and muscle insulin resistance induced by
chronic high-fat feeding. Diabetes. 46:1768-74.

Oakes ND, Cooney GJ, Camilleri S, Chisholm DJ, Kraegen EW
Obici S, Feng Z, Morgan K, Stein D, Karkanias G, Rossetti L.(2002)
Central administration of oleic acid inhibits glucose production and food
intake. Diabetes. 51:271-5.

Obici S, Feng Z, Morgan K, Stein D, Karkanias G, Rossetti L.
(2002)Central administration of oleic acid inhibits glucose production and
food intake. Diabetes. 51:271-5.

227


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nathwani%20RA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pais%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Reynolds%20TB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kaplowitz%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Neumeier%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Weigert%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sch%C3%A4ffler%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wehrwein%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22M%C3%BCller-Ladner%20U%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22M%C3%BCller-Ladner%20U%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sch%C3%B6lmerich%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wrede%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Buechler%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Negre-Salvayre%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Coatrieux%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ingueneau%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Salvayre%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%20British%20Journal%20of%20Pharmacology%20(2008)%20153%2C%206%E2%80%9320

Okamoto Y, Kihara S, Ouchi N, Nishida M, Arita Y, Kumada
M, Ohashi K, Sakai N, Shimomura |, Kobayashi H, Terasaka N
, Inaba T, Funahashi T, Matsuzawa Y. (2002) Adiponectin reduces
atherosclerosis in apolipoprotein E-deficient mice. Circulation.106
:2767-70.

Ouchi N, Kihara S, Arita Y, Maeda K, Kuriyama H, Okamoto Y,
Hotta K, Nishida M, Takahashi M, Nakamura T, Yamashita S,
Funahashi T, Matsuzawa Y .(1999) Novel modulator for endothelial
adhesion molecules: adipocyte-derived plasma protein adiponectin
Circulation 100:2473-2476

Ouchi N, Kihara S, Arita Y, Okamoto Y, Maeda K, Kuriyama H,
Hotta K, Nishida M, Takahashi M, Muraguchi M, Ohmoto Y,

Nakamura T, Yamashita S, Funahashi T, Matsuzawa Y.(2000)
Adiponectin, an adipocyte-derived plasma protein, inhibits endothelial
NF- B signaling through a cAMP-dependent pathway. Circulation
102:1296-1301.

Ouchi N, Kihara S, Arita Y, Nishida M, Matsuyama A, Okamoto Y,
Ishigami M, Kuriyama H, Kishida K, Nishizawa H, Hotta K,
MuraguchiM, OhmotoY, Yamashita S, Funahashi T, Matsuzaway .
(2001 )Adipocyte-derived plasma protein, adiponectin, suppresses lipid
accumulation and class A scavenger receptor expression in human

monocyte-derived macrophages. Circulation 103:1057-1063

Ouchi N, Ohishi M, Kihara S, Funahashi T, Nakamura
T, Nagaretani H, Kumada M, Ohashi K, Okamoto Y, Nishizawa
H, Kishida K, Maeda N, Nagasawa A, Kobayashi H,Hiraoka
H, Komai N, Kaibe M, Rakugi H, Ogihara T, Matsuzawa Y. ( 2003)

228


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Okamoto%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kihara%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ouchi%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nishida%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Arita%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kumada%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kumada%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kumada%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ohashi%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sakai%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shimomura%20I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kobayashi%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Terasaka%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Inaba%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Funahashi%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Matsuzawa%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ouchi%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ohishi%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kihara%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Funahashi%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nakamura%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nakamura%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nakamura%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nagaretani%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kumada%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ohashi%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Okamoto%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nishizawa%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nishizawa%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nishizawa%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kishida%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Maeda%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nagasawa%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kobayashi%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hiraoka%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hiraoka%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hiraoka%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Komai%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kaibe%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rakugi%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ogihara%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Matsuzawa%20Y%22%5BAuthor%5D

Association of hypoadiponectinemia with impaired vasoreactivity.
Hypertension . 42:231-234.

QOuedraogo R, Wu X, Xu SQ, Fuchsel L, Motoshima H, Mahadev
K, Hough K, Scalia R, Goldstein BJ.(2006) Adiponectin suppression of
high-glucose-induced reactive oxygen species in vascular endothelial
cells: evidence for involvement of a CAMP signaling pathway. Diabetes
2006;55:1840-1846. [PubMed: 16731851

Ouedraogo R, Gong Y, Berzins B,Wu X, Mahadev K, Hough
K, Chan L, Goldstein BJ, Scalia R. (2007) Adiponectin deficiency
increases leukocyte-endothelium interactions via upregulation of
endothelial cell adhesion molecules in vivo. J Clin Invest 117:1718-1726.
[PubMed: 17549259]

P

Pajvani UB, Du X, Combs TP, Berg AH, Rajala MW, Schulthess
T, Engel J, Brownlee M, Scherer PE. (2003) Structure-function studies
of the adipocyte-secreted hormone Acrp30/adiponectin. Implications for
metabolic regulation and bioactivity. J Biol Chem 278:9073-9085.
[PubMed: 12496257].

Pajvani UB, Hawkins M, Combs TP, Rajala MW, Doebber T, Berger
JP, Wagner JA,Wu M, Knopps A, Xiang AH, Utzschneider
KM, Kahn SE, Olefsky JM, Buchanan TA, Scherer PE.(2004)
Complex distribution, not absolute amount of adiponectin, correlates with
thiazolidinedione -mediated improvement in insulin sensitivity. J Biol
Chem 279: 12152-12162.

229


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ouedraogo%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wu%20X%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Xu%20SQ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Fuchsel%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Motoshima%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mahadev%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mahadev%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mahadev%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hough%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Scalia%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Goldstein%20BJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ouedraogo%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gong%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Berzins%20B%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wu%20X%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mahadev%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hough%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hough%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hough%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chan%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Goldstein%20BJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Scalia%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pajvani%20UB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Du%20X%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Combs%20TP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Berg%20AH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rajala%20MW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schulthess%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schulthess%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schulthess%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Engel%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Brownlee%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Scherer%20PE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pajvani%20UB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hawkins%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Combs%20TP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rajala%20MW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Doebber%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Berger%20JP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Berger%20JP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Berger%20JP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wagner%20JA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wu%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Knopps%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Xiang%20AH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Utzschneider%20KM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Utzschneider%20KM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Utzschneider%20KM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kahn%20SE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Olefsky%20JM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Buchanan%20TA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Scherer%20PE%22%5BAuthor%5D

Park KG, Park KS, Kim MJ, Kim HS, Suh YS, Ahn JD, Park
KK,Chang YC,Lee [IK.(2004) Relationship  between serum
adiponectin  and leptin concentrations and body fat distribution.
Diabetes Res Clin Pract. 63(2):135-42.

Park J,Rho HK,Kim KH, Choe SS,Lee YS,Kim JB. (2005)
Overexpression of glucose-6-phosphate dehydrogenase is associated with
lipid dysregulation and insulin resistance in obesity. Mol Cell Biol.
25(12):5146-57.

Peckham SC, Entenmann C, Carroll HW .(1962) The influence of a
hypercaloric diet on gross body and adipose tissue composition in the rat.
J Nutr . 77:187-97.

Pénicaud L, Cousin B, Leloup C, Lorsignol A, Casteilla L.(2000) The
autonomic nervous system, adipose tissue plasticity, and energy balance.
Nutrition. 2000;16:903-8.

Pischon T, Girman CJ, Hotamisligil GS, Rifai N, Hu FB, Rimm EB.(
2004) Plasma adiponectin levels and risk of myocardial infarction in
men. JAMA . 291:1730-1737.

Pischon T, Girman CJ, Rifai N, Hotamisligil GS, Rimm EB.(2005)
Association  between dietary factors and plasma adiponectin
concentrations in men. Am J Clin Nutr 81: 780-786.

Pond C. (2001) Ecology of storage and allocation of resources: animals.
In: Encyclopedia of Life Sciences. Chichester, UK: John Wiley & Sons.p.
1-5.

Prada PO, Zecchin HG, Gasparetti AL, Torsoni MA, Ueno M, Hirata
AE, Corezola do Amaral ME, Hoer NF, Boschero AC, Saad MJ.

(2005) Western diet modulates insulin signaling, c-Jun N-terminal kinase

230


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Park%20KG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Park%20KS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kim%20MJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kim%20HS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Suh%20YS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ahn%20JD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Park%20KK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Park%20KK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Park%20KK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chang%20YC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lee%20IK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Park%20KG%2C%20Park%20KS%2C%20Kim%20MJ%2C%20Kim%20HS%2C%20Suh%20YS%2C%20Ahn%20JD%2C%20et%20al.%20Relationship%20between%20serum%20adiponectin%20and%20leptin%20concentrations%20and%20body%20fat%20distribution.%20Diabetes%20Res%20Clin%20Pract.%202004%3B63%3A135-42.
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Park%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rho%20HK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kim%20KH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Choe%20SS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lee%20YS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kim%20JB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Park%20J%2C%20Rho%20HK%2C%20Kim%20KH%2C%20Choe%20SS%2C%20Lee%20YS%2C%20Kim%20JB%3A%20Overexpression%20of%20glucose-6-phosphate%20dehydrogenase%20is%20associated%20and%20insulin%20resistance.%20Mol%20Cell%20Biol%2025%3A5146%20%E2%80%935157%2C%202005%20with%20lipid%20dysregulation%20%20
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pischon%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Girman%20CJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hotamisligil%20GS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rifai%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hu%20FB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Rimm%20EB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Prada%20PO%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zecchin%20HG%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Gasparetti%20AL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Torsoni%20MA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ueno%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hirata%20AE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hirata%20AE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hirata%20AE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Corezola%20do%20Amaral%20ME%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22H%C3%B6er%20NF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Boschero%20AC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Saad%20MJ%22%5BAuthor%5D

activity, and insulin receptor substrate-1ser307 phosphorylation in a

tissue-specific fashion. Endocrinology . 146:1576 — 87.

Puerta M, Abelenda M, Rocha M, Trayhurn P.(2002) Effect of acute
cold exposure on the expression of the adiponectin, resistin and leptin

genes in rat white and brown adipose tissues. Horm Metab Res.
2002;34:629 —34.

R

Rahman 1, MacNee W. (2000) Oxidative stress and regulation of
glutathione in lung inflammation. Eur Respir J 16: 534-554.

Rauhala P, Andoh T, Chiueh C.C. (2005) Neuroprotective propertiesof
nitric oxide and S-nitrosoglutathione. Toxicol and Appl Pharmacol. 1:
207 (2 suppl): 91-95.

Ray G, Husain SA. (2002) Oxidants, antioxidants and carcinogenesis.
Indian J Exp Biol 40: 1213-1232.

Rivellese AA, De Natale C, Lilli S. (2002) Type of dietary fat and
insulin resistance. Ann NY Acad Sci. 967:329 —35.

Reaven, G. M., R. L. Lerner, M. P. Stern, and J. W. Farquar.(1967)
Role of insulin in endogenous hypertriglyceridemia. J. Clin. Invest. 46:
1756-1767.

Reaven GM. (1988) Banting lecture 1988. Role of insulin resistance in
human disease. Diabetes 37:1595-1607.

Reaven GM. (1995) The fourth musketeer - from Alexandre Dumas to
Claude Bernard. Diabetologia 38:3-13.

231


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ray%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Husain%20SA%22%5BAuthor%5D

Ronti T, Lupattelli G, Mannarino E. (2006)The endocrine function of
adipose tissue: an update. Clin Endocrinol (Oxf) 64: 355-365.

Rosen P, Nawroth PP, King G, Moller W, Tritschler HJ, Packer
L.(2001) The role of oxidative stress in the onset and progression of
diabetes and its complications: a summary of a Congress Series
sponsored by UNESCO-MCBN, the American Diabetes Association and
the German Diabetes Society. Diabetes Metab Res Rev; 17:189-212.

S

Sahin E, Giimiisli S .(2004) Cold-stress-induced modulation of
antioxidant defence: role of stressed conditions in tissue injury followed
by protein oxidation and lipid peroxidation. Int J Biometeorol. 48: 165-
171.

Sahin E, Giimiislii S .(2007) Stress dependent induction of protein
oxidation, lipid peroxidation and anti-oxidant in peripheral tissues of rats:
comparison of three stress models (immobilization, cold and
immobilization-cold). Clin Exp Pharmacol Physiol. 34 (5-6): 425-431
Samuels LT, Reinecke RM, Ball HA. (1942) Effect of diet on glucose
tolerance and liver and muscle glycogen of hypophysectomized and

normal rats. Endocrinology. 31:42-53.

Samuels LT, Gilmore LG, Reinecke RM. (1948) The effect of
previous diet on the ability of animals to do work during subsequent
fasting. J Nutr. 36:639-47.

232


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ronti%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lupattelli%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mannarino%20E%22%5BAuthor%5D

Schaffer JE.(2003) Lipotoxicity: when tissues overeat. Curr Opin
Lipidol. 14 (3):281-7.

Scherer, P. E., Williams, S., Fogliano, M., Baldini, G. and Lodish, H.
F. (1995) A novel serum protein similar to C1q, produced exclusively in
adipocytes. J. Biol. Chem. 270, 26746-26749.

Scherer PE. (2006) Adipose tissue: from lipid storage compartment to
endocrine organ. Diabetes 55:1537-1545. [PubMed: 16731815].

Schraw T, Wang ZV, Halberg N, Hawkins M, Scherer PE.(2008)
Plasma adiponectin complexes have distinct biochemical characteristics.
Endocrinology 149:2270-2282. [PubMed: 18202126].

Schwartz MW, Woods SC, Porter D Jr, Seeley RJ, Baskin DG.(2000)

Central nervous system control of food intake. Nature. 404:661-71.

Sechen SJ, McCutcheon SN, Bauman DE. (1989) Response to
metabolic challenges in early lactation dairy cows during treatment with
bovine somatotrophin. Dom. Anim. Endocrinology. 6:141-154.

Seckin S, Alptekin N, Dogru-Abbasoglu S, Ko¢ak-Toker N, Toker G,
Uysal M. (1997) The effect of chronic stress on hepatic and gastric lipid
peroxidation in long-term depletion of glutathione in rats. Pharmacol Res.
36(1): 55-57.

Selman C, McLaren JS, Himanka MJ, Speakman JR. (2000) Effect of
long-term cold exposure on antioxidant enzyme activities in a small
mammal. Free Radic Biol Med 28:1279-1285 170.

Selman C, Grune T, Stolzing A, Jakstadt M, McLaren JS, Speakman
JR .(2002) The consequences of acute cold exposure on protein oxidation
and proteasome activity in short-tailed field voles, microtus agres. Free
Radic Biol Med 33:259-265.

233


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schaffer%20JE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Schaffer%20JE.%20Lipotoxicity%3A%20when%20tissues%20overeat.%20Curr%20Opin%20Lipidol.%202003%3B14%3A281%E2%80%937.
http://www.ncbi.nlm.nih.gov/pubmed?term=Schaffer%20JE.%20Lipotoxicity%3A%20when%20tissues%20overeat.%20Curr%20Opin%20Lipidol.%202003%3B14%3A281%E2%80%937.
http://www.ncbi.nlm.nih.gov/pubmed?term=Schaffer%20JE.%20Lipotoxicity%3A%20when%20tissues%20overeat.%20Curr%20Opin%20Lipidol.%202003%3B14%3A281%E2%80%937.
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Schraw%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wang%20ZV%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Halberg%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hawkins%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Scherer%20PE%22%5BAuthor%5D

Sen CK.(1999)Glutathione homeostasis in response to exercise training
and nutritional supplements. Molecular and Cellular Biochemistry
196:31-42..

Sethi JK, Hotamisligil GS.(1999) The role of TNF alpha in adipocyte
metabolism. Semin Cell Dev Biol. 1999;10:19-29.

Shapiro, L. and Scherer, P. E. (1998) The crystal structure of a
complement-1g family protein suggests an evolutionary link to tumor
necrosis factor. Curr. Biol. 8, 335-338

Shustanova TA, Bondarenko TI, Miliutina NP. (2004) Free radical
mechanism of the cold stress development in rats. Ross FiziolZh Im
Sechenova 90 (1) : 73-82.

Siems WG, van Kuijk FJ, Maass R, Brenke R.(1994) Uric acid and
glutathione levels during short-term whole body cold exposure.. Free
Radical Biol Med 16: 299-305. PubMed.

Sierksma A, Patel H, Ouchi N, Kihara S, Funahashi T, Heine RJ,
Grobbee DE, Kluft C, Hendriks HF.(2004) Effect of moderate alcohol
consumption on adiponectin, tumor necrosis factor- alpha, and insulin
sensitivity. Diabetes Care 27: 184-189.

Sies, H. (1999) Glutathione and its cellular functions. Free Radic. Biol.
Med. 27: 916-921.

Silha JV, Krsek M, Skrha JV, Sucharda P, Nyomba BL, Murphy LJ.
(2003) Plasma resistin, adiponectin and leptin levels in lean and obese
subjects: correlations with insulin resistance. European J. of
Endocrinology 149:331-35.

Simmons HF, James RC, Harbison RD, Patel DG, Roberts SM.
(1991) Examination of the role of catecholamines in hepatic glutathione

suppression by cold-restraint in mice. Toxicology 67(1):29-40.

234


http://www.ncbi.nlm.nih.gov/sites/entrez?db=pubmed&cmd=Search&term=Free%20Radical%20Biol%20Med%5bJour%5d+AND+16%5bVolume%5d+AND+299%5bpage%5d

Sinauer Associates . (2000) The Cell, 2nd edition A Molecular Approach
-Geoffrey M Cooper Boston University-Sunderland (MA): ISBN: 0-
87893-106-6.

Soares AF, Guichardant M, Cozzone D, Bernoud-Hubac
N, Bouzaidi-Tiali N, Lagarde M, Géloén A.(2005) Effects of oxidative
stress on adiponectin secretion and lactate production in 3T3-L1
adipocytes. Free Radic Biol Med. 38: 882-9.

Spolarics Z.(1998) Endotoxemia, pentose cycle, and the oxidant/

antioxidant balance in the hepatic sinusoid. J Leukoc Biol 63:534 —-541.

Spolarics Z. (1999) A carbohydrate-rich diet stimulates glucose-6-
phosphate dehydrogenaseexpression in rat hepatic sinusoidal endothelial
cells. J Nutr 129:105-108.

Spranger J, Verma S, Gohring |, Bobbert T, Seifert J, Sindler AL,
Pfeiffer A, Hileman SM, Tschop M, Banks WA. (2006) Adiponectin
does not cross the blood-brain barrier but modifies cytokine expression of
brain endothelial cells. Diabetes 55:141-47.

Steppan CM, Bailey ST, Bhat S, Brown EJ, Banerjee RR, Wright
CM, Patel HR, Ahima RS, Lazar MA.(2001)The hormone resistin links
obesity to diabetes. Nature. 409:307-12.

Storlien LH, James DE, Burleigh KM, Chisholm DJ, Kraegen EW.
(1986) Fat feeding causes widespread in vivo insulin resistance,decreased
energy expenditure, and obesity in rats Am J Physiol.251:E576-83.

Storlien LH, Kraegen EW, Chisholm DJ, Ford GL, Bruce DG,
Pascoe WS. (1987) Fish oil prevents insulin resistance induced by high-
fat feeding in rats. Science. 237:885 — 8.

235


http://www.sinauer.com/
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Soares%20AF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Guichardant%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cozzone%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bernoud-Hubac%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bernoud-Hubac%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bouza%C3%AFdi-Tiali%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lagarde%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22G%C3%A9lo%C3%ABn%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Steppan%20CM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bailey%20ST%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bhat%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Brown%20EJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Banerjee%20RR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wright%20CM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wright%20CM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wright%20CM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Patel%20HR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ahima%20RS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Lazar%20MA%22%5BAuthor%5D

Storlien LH, Jenkins AB, Chisholm DJ, Pascoe WS, Khouri S,
Kraegen EW.(1991) Influence of dietary fat composition on
development of insulin resistance in rats: relationship to muscle
triglyceride and omega-3 fatty acids in muscle phospholipid. Diabetes.
40:280 -9.

Storlien LH, Baur LA, Kriketos AD, Pan DA, Cooney GJ, Jenkins
AB, Calvert GD, Campbell LV.(1996) Dietary fats and insulin action.
Diabetologia. 39:621-31.

Storlien LH, Higgins JA, Thomas TC, Brown MA, Wang HQ, Huang
XF, Else PL. (2000)Diet composition and insulin action in animal
models. Br J Nutr. 83(Suppl 1):S85-90.

Surwit RS , Kuhn CM, Cochrane C, McCubbin JA, Feinglos MN.
(1988) Diet-induced type Il diabetes in C57BL/6J mice. Diabetes.
37:1163-7

Szmitko PE, Teoh H, Stewart DJ, Verma S. (2007) Adiponectin and
cardiovascular disease: state of the art? Am J Physiol Heart Circ Physiol
292: H1655-1663.

T

Takahashi Y, Ide T. (1999) Effect of dietary fats differing in degree of
unsaturation on gene expression in rat adipose tissue. Ann Nutr Metab.
43(2):86-97.

Takashi Kadowaki (Kadowaki T), Yamauchi T, Kubota N, Hara
K, Ueki K, Tobe K. (2006) Adiponectin and adiponectin receptors in

236


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Storlien%20LH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Baur%20LA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kriketos%20AD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pan%20DA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cooney%20GJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jenkins%20AB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jenkins%20AB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jenkins%20AB%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Calvert%20GD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Campbell%20LV%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Storlien%20LH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Higgins%20JA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Thomas%20TC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Brown%20MA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wang%20HQ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Huang%20XF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Huang%20XF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Huang%20XF%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Else%20PL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Szmitko%20PE%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Teoh%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Stewart%20DJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Verma%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Takahashi%20Y%2C%20Ide%20T.%20Effect%20of%20dietary%20fats%20differing%20in%20degree%20of%20unsaturation%20on%20gene%20expression%20in%20rat%20adipose%20tissue.%20Ann%20Nutr%20Metab.%201999%3B43%3A86%20%E2%80%9397.%20
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kadowaki%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yamauchi%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kubota%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hara%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hara%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hara%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ueki%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tobe%20K%22%5BAuthor%5D

insulin resistance, diabetes, and the metabolic syndrome. J Clin Invest.
116(7):1784-92.

Takahashi M, Arita Y, Yamagata K, Matsukawa Y, Okutomi
K, Horie M, Shimomura |, Hotta K, Kuriyama H, Kihara
S, Nakamura T, Yamashita S, Funahashi T, Matsuzawa Y. (2000)
Genomic structure and mutations in adipose-specific gene, adiponectin.
Int. J. Obes. Relat. Metab. Disord. 24, 861-868

Taylor, R., and L. Agius. (1988)The biochemistry of diabetes.
Biochem. J. 25: 625-640.

Talior I, Yarkoni M, Bashan N, Eldar-Finkelman H. (2003)Increased
glucose uptake promotes oxidative stress and PKCdelta activation in
adipocytes of obese, insulin-resistant mice. Am J Physiol Endocrinol
Metab. 285:E295-302.

Thamer C, Stefan N, Stumvoll M, Haring H, Fritsche A.(2005)
Reduced adiponectin serum levels in smokers. Atherosclerosis 179:421—
422.

Teramoto S, Uejima Y, Kitahara S, Ito H, Ouchi Y. (1998)Effects of
whole body cold stress on glutathione metabolism in young and old
mice.. J Clin Biochem Nutr 24: 69-77. PubMed

Tian DR, Li XD, Shi YS, Wan Y, Wang XM, Chang JK, Yang J, Han
JS. (2004) Changes of hypothalamic alpha-MSH and CART peptide
expression in diet-induced obese rats. Peptides. 25(12):2147-53.

Tomas E, Tsao TS, Saha AK, Murrey HE, Zhang Cc C, Itani SI,
Lodish HF, RudermanNB.(2002) Enhanced muscle fat oxidation and
glucose transport by ACRP30 globular domain: acetyl-CoA carboxylase
inhibition and AMP-activated protein kinase activation. Proc Natl Acad
Sci USA 99:16309-16313.

237


http://www.ncbi.nlm.nih.gov/pubmed?term=Takashi%20Kadowaki1%2C2%2C%20Toshimasa%20Yamauchi1%2C3%2C%20Naoto%20Kubota1%2C2%2C3%2C%20Kazuo%20Hara1%2C2%2CKohjiro%20Ueki1%20and%20Kazuyuki%20Tobe%20Adiponectin%20and%20adiponectin%20receptors%20in%20insulin%20resistance%2C%20diabetes%2C%20and%20the%20metabolic%20syndrome%20J%20Clin%20Invest.%202006%3B116(7)%3A1784%E2%80%931792.%20doi%3A10.1172%2FJCI29126.%20
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Takahashi%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Arita%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yamagata%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Matsukawa%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Okutomi%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Okutomi%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Okutomi%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Horie%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shimomura%20I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hotta%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kuriyama%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kihara%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kihara%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kihara%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nakamura%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yamashita%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Funahashi%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Matsuzawa%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/sites/entrez?db=pubmed&cmd=Search&term=J%20Clin%20Biochem%20Nutr%5bJour%5d+AND+24%5bVolume%5d+AND+69%5bpage%5d
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tian%20DR%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Li%20XD%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shi%20YS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wan%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wang%20XM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chang%20JK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yang%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Han%20JS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Han%20JS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Han%20JS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Tian%20DR%2C%20Li%20XD%2C%20Shi%20YS%2C%20et%20al.%20Changes%20of%20hypothalamic%20alpha-MSH%20and%20CART%20peptide%20expression%20in%20diet-induced%20obese%20rats.%20Peptides.%202004%3B25%3A2147%E2%80%9353%20

Townsend, D. M., Tew, K. D. & Tapiero, H. (2003) The importance of
glutathione in human disease. Biomed. Pharmacother. 57: 145-155.

Trayhurn P, Wood IS. (2004) Adipokines: inflammation and the
pleiotropic role of white adipose tissue. Br J Nutr. 92: 347-55.

Tremoto S, Uejima Y, Kitahara S, Ito H, Ouchi Y . (1998) Effects of
whole body cold stress on glutathione metabolism in young and old mice.
J Clin Biochem Nutr. 24: 69-77.

Tschritter O, Fritsche A, Thamer C, Haap M, Shirkavand F, Rahe S,
Staiger H, Maerker E, Haring H, Stumvoll M.(2003) Plasma
adiponectin concentrations predict insulin sensitivity of both glucose and
lipid metabolism. Diabetes 52:239-243.

Tsochatzis E, Papatheodoridis GV, Archimandritis AJ. (2006) The
evolving role of leptin and adiponectin in chronic liver diseases. Am J
Gastroenterol 101:2629-2640.

Tsunoda N, Ikemoto S, Takahashi M, Maruyama K, Watanabe
H, Goto N, Ezaki O. (1998) High-monounsaturated fat diet-induced
obesity and diabetes in C57BL/6J mice. Metabolism. 47:724 —30.

Turtzo, L.C. & Lane, M.D.(2002) Completing the loop: neuron-
adipocyte interactions and the control of energy homeostasis. Horm.
Metab. Res. 34, 607615 .

U

238


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tsunoda%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ikemoto%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Takahashi%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Maruyama%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Watanabe%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Watanabe%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Watanabe%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Goto%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ezaki%20O%22%5BAuthor%5D

Ujiie H, Oritani K, Kato H, Yokota T, Takahashi I, Maeda T, Masaie
H, Ichii M, Kamada Y, Tamura S, Kihara S, Funahashi
T, Tomiyama Y, Kanakura Y. (2006) Identification of amino-terminal
region of adiponectin as a physiologically functional domain. J. Cell.
Biochem.98, 194-207.

Unger RH .(2003) Lipid overload and overflow: metabolic trauma and
the metabolic syndrome. Trends Endo crinol Metab. 14:398-403.

Uzun H, Zengin K, Taskin M, Aydin S, Simsek G, Dariyerli N.(2004)
Changes in leptin, plasminogen activator factor and oxidative stress in
morbidly obese patients following open andlaparoscopic Swedish
adjustable gastric banding. Obes Surg. 14(5):659-65.

V

Vague J. (1956) The degree of masculine differentiation of obesities: a
factor determining predisposition to diabetes, atherosclerosis, gout, and
uric calculous disease. Am J Clin Nutr 1956;4:20-34.

Vague J. (1996) Sexual differentiation. A determinant factor of the
forms of obesity. 1947. Obes Res 4:201-203

Valko M, Leibfritz D, Moncol J, Cronin MT, Mazur M, Telser J
.(2007) Free radicals and antioxidants in normal physiological functions
and human disease. Int. J Biochem Cell Biol. 39(1):44-84.

Vuppalanchi R, Marri S, Kolwankar D, Considine RV, Chalasani N.

(2005) Is adiponectin involved in the pathogenesis of nonalcoholic

239


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ujiie%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Oritani%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kato%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yokota%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Takahashi%20I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Maeda%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Masaie%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Masaie%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Masaie%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ichii%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kamada%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tamura%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kihara%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Funahashi%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Funahashi%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Funahashi%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tomiyama%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kanakura%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Uzun%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Zengin%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Taskin%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Aydin%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Simsek%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Dariyerli%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Uzun%20H%2C%20Zengin%20K%2C%20Taskin%20M%2C%20Aydin%20S%2C%20Simsek%20G%2C%20Dariyerli%20N.%20Changes%20in%20leptin%2C%20plasminogen%20activator%20factor%20and%20oxidative%20stress%20in%20morbidly%20obese%20patients%20following%20open%20and%20laparoscopic%20Swedish%20adjustable%20gastric%20banding.%20Obes%20Surg.

steatohepatitis? A preliminary human study. J Clin Gastroenterol 39:237—
242.

W

Waki, H., Yamauchi, T., Kamon, J., Kita, S., Ito, Y., Hada, Y.,
Uchida, S., Tsuchida, A., Takekawa, S. and Kadowaki, T. (2005)
Generation of globular fragment of adiponectin by leukocyte elastase

secreted by monocytic cell line THP-1. Endocrinology 146,790-796.
Wang Y, Xu A, Knight C, Xu LY, Cooper GJ. (2002) Hydroxylation

and glycosylation of the four conserved lysine residues in the
collagenous domain of adiponectin. Potential role in the modulation of
its insulin-sensitizing activity. J Biol Chem 277:19521-19529. [PubMed:
11912203].

Watarai T, Kobayashi M, Takata Y, Sasaoka T, Iwasaki M, Shigeta
Y .(1988) Alteration of insulin-receptor kinase activity by high-fat
feeding. Diabetes. 37:1397— 404.

Weyer C(Christian Weyer), Tohru Funahashi, Sachiyo Tanaka,
Kikuko Hotta, Yuji Matsuzawa, Richard E. Pratley, And P. Antonio.
(2001) Hypoadiponectinemia in obesity and type 2 diabetes: close
association with insulin resistance and hyperinsulinemia. J Clin
Endocrinol Metab. 86:1930 5.

Witchel SF and DeFranco DB. (2006) Mechanisms of Disease:
regulation of glucocorticoid and receptor levels—impact on the metabolic
syndrome Nat Clin Pract Endocrino Metabol 2: 621-631
doi:10.1038/ncpendmet0323.

240


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Wang%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Xu%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Knight%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Xu%20LY%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cooper%20GJ%22%5BAuthor%5D

Wu X, Motoshima H, Mahadev K, Stalker TJ, Scalia R, Goldstein BJ
. (2003 ) Involvement of AMP-activated protein kinase in glucose uptake
stimulated by the globular domain of adiponectin in primary rat
adipocytes. Diabetes 52:1355-1363.

X

Xu, A., Chan, K.W., Hoo, R.L., Wang, Y., Tan, K.C., Zhang, J.,
Chen, B., Lam,M.C., Tse, C., Cooper, G.J. and Lam, K.S. J. (2005)
Testosterone selectively reduces the high molecular weight form of
adiponectin by inhibiting its secretion from adipocytes. Biol. Chem. 280,
18073-18080.

Xu H, Barnes GT, Yang Q, Tan G, Yang D, Chou CJ, Sole J, Nichols
A, Ross JS, Tartaglia LA, Chen H.(2003) Chronic inflammation in fat
plays a crucial role in the development of obesity-related insulin
resistance. J Clin Invest. 112:1821-30.

Y

Yaqoob P, Sherrington EJ, Jeffery NM, Sanderson P, Harvey
DJ, Newsholme EA, Calder PC. (1995) Comparison of the effects of a
range of dietary lipids upon serum and tissue lipid composition in the rat.
Int J Biochem Cell Biol. 27:297-310.

Yamauchi T, Kamon J, Waki H, Terauchi Y, Kubota N, Hara K,
Mori Y, Ide T, Murakami K, Tsuboyama-Kasaoka N, Ezaki O,

241


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Xu%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Barnes%20GT%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yang%20Q%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tan%20G%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yang%20D%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chou%20CJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sole%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nichols%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nichols%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nichols%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ross%20JS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tartaglia%20LA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chen%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yaqoob%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sherrington%20EJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jeffery%20NM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sanderson%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Harvey%20DJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Harvey%20DJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Harvey%20DJ%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Newsholme%20EA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Calder%20PC%22%5BAuthor%5D

Akanuma Y, Gavrilova O, Vinson C, Reitman ML, Kagechika H,
Shudo K, Yoda M, Nakano Y, Tobe K, Nagai R, Kimura S, Tomita
M, Froguel P, Kadowaki T.( 2001 )The fat-derived hormone
adiponectin reverses insulin resistance associated with both lipoatrophy
and obesity. Nat Med. 7(8):941-6.

Yamauchi T, Waki H, Kamon J, Murakami K, Motojima K, Komeda
K, Miki H, Kubota N, Terauchi Y, Tsuchida A, Tsuboyama-Kasaoka
N, Yamauchi N, Ide T, Hori W, Kato S, Fukayama M, Akanuma Y,
Ezaki O, Itai A, Nagai R, Kimura S, Tobe K, Kagechika H, Shudo K,
Kadowaki T .(2001) Inhibition of RXR and PPAR_ ameliorates diet-
induced obesity and type 2 diabetes. J Clin Invest 108:1001-1013.

Yamauchi T, Kamon J, Minokoshi Y, Ito Y, Waki H, Uchida S,
Yamashita S, Noda M, Kita S, Ueki K, Eto K, Akanuma Y, Froguel
P, Foufelle F, Ferre P, Carling D, Kimura S, Nagai R, Kahn BB,
Kadowaki T. (2002) Adiponectin stimulates glucose utilization and
fatty-acid oxidation by activating AMP-activated protein kinase. Nat Med
8:1288-1295.

Yamauchi T, Kamon J, Waki H, Imai Y, Shimozawa N, Hioki K,
Uchida S, Ito Y, Takakuwa K, Matsui J, Takata M, Eto K, Terauchi
Y, Komeda K, Tsunoda M, Murakami K, Ohnishi Y, Naitoh T,
Yamamura K, Ueyama Y, Froguel P, Kimura S, Nagai R, Kadowaki
T .(2003 )Globular adiponectin protected ob/ob mice from diabetes and
apoE-deficient mice from atherosclerosis. J Biol Chem278:2461-2468.

Yamauchi T, Kamon J,Ito Y, Tsuchida A, Yokomizo T, Kita
S, Sugiyama T, Miyagishi M, Hara K, Tsunoda M, Murakami
K, Ohteki T, Uchida S, Takekawa S, Waki H, Tsuno NH,Shibata
Y, Terauchi Y, Froguel P, Tobe K, Koyasu S, Taira K, Kitamura

242


http://www.ncbi.nlm.nih.gov/pubmed?term=%20Yamauchi%20T%2C%20Kamon%20J%2C%20Waki%20H%2C%20Terauchi%20Y%2C%20Kubota%20N%2C%20Hara%20K%2C%20Mori%20Y%2C%20Ide%20T%2C%20Murakami%20K%2C%20Tsuboyama-Kasaoka%20N%2C%20Ezaki%20O%2C%20Akanuma%20Y%2C%20Gavrilova%20O%2C%20Vinson%20C%2C%20Reitman%20ML%2C%20Kagechika%20H%2C%20Shudo%20K%2C%20Yoda%20M%2C%20Nakano%20Y%2C%20Tobe%20K%2C%20Nagai%20R%2C%20Kimura%20S%2C%20Tomita%20M%2C%20Froguel%20P%2C%20Kadowaki%20T%202001%20The%20fat-derived%20hormone%20adiponectin%20reverses%20insulin%20resistance%20associated%20with%20both%20lipoatrophy%20
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yamauchi%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kamon%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ito%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tsuchida%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yokomizo%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kita%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kita%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kita%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sugiyama%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Miyagishi%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hara%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tsunoda%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Murakami%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Murakami%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Murakami%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ohteki%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Uchida%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Takekawa%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Waki%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tsuno%20NH%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shibata%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shibata%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shibata%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Terauchi%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Froguel%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tobe%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Koyasu%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Taira%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kitamura%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kitamura%20T%22%5BAuthor%5D

T, Shimizu T, Nagai R, Kadowaki T. (2003)Cloning of adiponectin
receptors that mediate antidiabetic metabolic effects. Nature 423:762—
769.

Yamauchi T,Nio Y, Maki T, Kobayashi M, Takazawa T, lwabu
M, Okada-lwabu M, Kawamoto S, Kubota N, Kubota T, Ito
Y, Kamon J, Tsuchida A, Kumagai K, Kozono H, Hada Y, Ogata
H, Tokuyama K, Tsunoda M, Ilde T, Murakami K, Awazawa
M, Takamoto I, Froguel P,Hara K, Tobe K, Nagai R, Ueki
K, Kadowaki T. (2007)Targeted disruption of AdipoR1 and AdipoR2
causes abrogation of adiponectin binding and metabolic actions. Nat Med
13:332-3309.

Yang X, Jansson PA, Nagaev I, Jack MM, Carvalho E, Sunnerhagen
KS, Cam MC, Cushman SW, Smith U. (2004)Evidence of impaired
adipogenesis in insulin resistance. Biochem Biophys Res Commun.
317:1045-51.

Yoda M, nakano vy, tobe t, shioda s, choi-miura nh, tomita m:.(2001)
Characterization of mouse gbp28 and its induction by exposure to cold.
int j obes relat metab disord 25: 75-83.

Yoshihisa Okamoto (Okamoto Y), Shinji Kihara, Tohru Funahashi,
Yuji Matsuzawa And Peter Libby. (2006) Adiponectin: a key
adipocytokine in metabolic syndrome. Clin Sci (Lond). 110(3):267-78.

Youngren JF, Paik J, Barnard RJ.(2001) Impaired insulin-receptor
autophosphorylation is an early defect in fat-fed, insulinresistant rats. J
Appl Physiol. 91:2240 7.

243


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shimizu%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nagai%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kadowaki%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yamauchi%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nio%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Maki%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kobayashi%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Takazawa%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Iwabu%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Iwabu%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Iwabu%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Okada-Iwabu%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kawamoto%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kubota%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kubota%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ito%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ito%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ito%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kamon%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tsuchida%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kumagai%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kozono%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hada%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ogata%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ogata%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ogata%20H%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tokuyama%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tsunoda%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ide%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Murakami%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Awazawa%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Awazawa%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Awazawa%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Takamoto%20I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Froguel%20P%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hara%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Tobe%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nagai%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ueki%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ueki%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Ueki%20K%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kadowaki%20T%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Yang%20X%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jansson%20PA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Nagaev%20I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Jack%20MM%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Carvalho%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sunnerhagen%20KS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sunnerhagen%20KS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sunnerhagen%20KS%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cam%20MC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cushman%20SW%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Smith%20U%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Okamoto%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=Yoshihisa%20OKAMOTO%2C%20Shinji%20KIHARA%2C%20Tohru%20FUNAHASHI%2C%20Yuji%20MATSUZAWA%20and%20Peter%20LIBBY%20%20%20%20Clinical%20Science%20(2006)%20110%2C%20267%E2%80%93278%20(Printed%20in%20Great%20Britain)%20doi%3A10.1042%2FCS20050182%20

L

Zhang Y, Proenca R, Maffei M, Barone M, Leopold L, Friedman JM.
(1994) Positional cloning of the mouse obese gene and its human
homologue. Nature. 372:425-32.

244





