1duosnue Joyiny 1duosnuep Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Author manuscript
J Nutr Biochem. Author manuscript; available in PMC 2016 January 26.

-, HHS Public Access
«

Published in final edited form as:
J Nutr Biochem. 2015 March ; 26(3): 285-292. doi:10.1016/j.jnutbio.2014.11.002.

Saturated fat and cholesterol are critical to inducing murine
metabolic syndrome with robust nonalcoholic steatohepatitis*

Jamie E. Mells21, Ping P. FuPl, Pradeep KumarP, Tekla SmithP, Saul J. Karpen?, and Frank
A. Anania®”

aDivision of Pediatric Gastroenterology, Hepatology and Nutrition, Department of Pediatrics,
Emory University School of Medicine, Atlanta, GA, 30322, USA

bDivision of Digestive Diseases, Department of Medicine, Emory University School of Medicine,
Atlanta, GA, 30322, USA

Abstract

Nonalcoholic fatty liver disease (NAFLD) is the hepatic manifestation of the metabolic syndrome
(MetS). Up to a third of NAFLD subjects are at risk for developing nonalcoholic steatohepatitis
(NASH). Many rodent models fail to replicate both MetS and NASH. The purpose of this study
was to develop a reliable mouse model of NASH and MetS using a diet containing cholesterol,
saturated fat and carbohydrate that is reflective of Western diets of North Americans.
Experimental design: We used adult male C57BL/6 J 4- to 5-week-old mice and administered a
solid diet containing 0.2% cholesterol, 45% of its calories from fat, with 30% of the fat in the form
of partially hydrogenated vegetable oil. We also provided carbohydrate largely as high-fructose
corn syrup equivalent in water. In a separate cohort, we gave the identical diet in the absence of
cholesterol. Glucose and insulin tolerance testing was conducted throughout the feeding period.
The feeding was conducted for 16 weeks, and the mice were sacrificed for histological analysis,
markers of MetS, liver inflammation, circulating lipids, as well as liver staining for fibrosis and
alpha smooth muscle actin (a-SMA). Results: We found that cholesterol significantly increased
serum leptin, interleukin-6, liver weight and liver weight/body weight ratio, fibrosis and liver a-
SMA. Conclusions: Mice administered a diet accurately reflecting patterns associated with
humans afflicted with MetS can reliably replicate features of MetS, NASH and significant liver
fibrosis. The model we describe significantly reduces the time by several months for development
of stage 3 hepatic fibrosis.
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Nonalcoholic fatty liver disease (NAFLD) has increased in concordance with rates of
obesity and is a key component of the metabolic syndrome (MetS). According to the Centers
for Disease Control, the United States has seen a sharp increase in the prevalence of obesity
from 14%—-17% in 1994 to =26.0% in 2007 of the adult population. The data collected from
the National Health and Nutrition Examination Survey reveal that the number of Americans
classified as obese (body mass index =30) continues to increase, with the greatest increases
occurring in adult men (30.4%) [1]. At present, targeted treatment for NAFLD-related liver
disease or the fibrosis that leads to cirrhotic changes is not available. In part, our inability to
target treatment for these significant clinical issues is related to our inability to replicate
MetS and nonalcoholic steatohepatitis (NASH) with hepatic fibrosis in mice.

Nonalcoholic fatty liver disease is a spectrum of liver disorders classified on histological
criteria. These include NASH as well as the more benign lesion, nonalcoholic fatty liver
(NAFL), a bland steatosis, or fatty infiltration of hepatocytes. Roughly 20% of NAFLD
patients may progress to have hepatic lesions including mixed lobular inflammation,
hepatocyte degeneration or “ballooning,” and pericentral deposition of fibrillar collagen [2—
4]. These features are hallmarks of NASH, along with Mallory bodies. The histological
classification of NASH has been standardized by the National Institutes of Health NAFLD
Clinical Research Network and is referenced [5]. Data from population-based studies have
consistently demonstrated that most cases of NAFL in humans do not progress, although the
ability to predict in which patients progression does occur is limited at present [6-8].
Together, these findings represent increased risk for cirrhosis, clinical end-stage liver
disease and hepatocellular carcinoma [3,6,9]. In patients with the diagnosis of NASH, a
significantly greater proportion (perhaps up to one third) will develop cirrhosis. NASH-
related cirrhosis is currently the third leading indication for liver transplantation in the
United States; however, NASH-related cirrhosis will likely surpass chronic alcoholism and
chronic hepatitis C infection as the major indication for orthotopic liver transplantation.

There is a growing body of evidence linking a Western diet [high in saturated fat, trans-
saturated fatty acids (trans-fat) and table sugar] with the increasing incidence of NASH [10].
In addition, diets containing trans-fat and high-fructose corn syrup (HFCS) have been shown
independently to increase insulin resistance, total body fat mass, and liver lipid
accumulation in rodent and human livers [10-14]. A major stumbling block for
investigators, however, is to recapitulate a murine model which fulfills three major criteria.
The first is that the rodent develops MetS. That is, the animal develops hypertension,
dyslipidemia and, most importantly, insulin resistance. NAFLD is the hepatic manifestation
of MetS. The second is a rodent model that precipitates hepatic fibrosis in the setting of
MetS. Finally, the diet needs to mimic what Westerners, in this case Americans, eat. Many
investigators have studied hepatic fibrosis using the methionine—choline deficiency diet, but
in so doing fail to provide the most common phenotypic scenario in human NAFLD, which
is insulin resistance. Nonetheless, creating a NASH phenotype in a mouse model which
concomitantly develops MetS has been exceedingly challenging and required using
supraphysiologic quantities of fat in rodent chow for 6 or more months, making studies to
elucidate NASH-related mechanisms of hepatic fibrosis time consuming, inefficient and
costly for investigators.
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We recently reported data in a mouse model on a diet high in saturated fat and trans-fat: the
American Lifestyle-Induced Obesity Syndrome feeding model, introduced by Tetri et al.,
which mimicked the Western-diet-induced pathophysiology of MetS observed in humans
[15-17]. In our previous studies, we demonstrated that administering this diet to 4- to 5-
week-old male mice induced hepatic insulin resistance within 6 weeks and systemic insulin
resistance within 8 weeks, and recapitulated the features of MetS including dyslipidemia,
significant weight gain, hepatic steatosis and high blood pressure [16,17]. However, we
failed to induce hepatic fibrosis in studies as long as 16 weeks. Recent studies by Min et al.
showed that increased hepatic synthesis and dysregulation of cholesterol are associated with
the severity of NASH [18]. Additional studies by Savard et al. utilized a 30-week feeding
model with 1% cholesterol to examine the effect cholesterol in developing NASH; their
results showed a significant increase in inflammation and perisinusoidal fibrosis [19].
Consequently, the aim of this study was to develop a mouse model that included all of the
components of a diet typical of Americans, and induced MetS and NASH with induced
fibrosis by 16 weeks while maintaining a diet that was in proportion (in terms of fat and
cholesterol) to what average Americans consume on a daily basis.

1. Research design and methods

1.1. Animal studies

Seventy-two male C57BL/6 J mice were obtained from Jackson Laboratories (Bar Harbor,
ME, USA). Four- to 5-week-old male mice were cared for in accordance with protocols
approved by the Animal Care and Use Committee of Emory University. Animals were
housed in laboratory cages at 23°C under a 12-h light/dark cycle. Mice were fed either
standard chow, the high-fat, trans-fat (HFTF) diet as described by Tetri et al. or the HFTF
diet plus 0.2% cholesterol (HFTFX) (Harlan Teklad custom diet TD.120330) [15-17]. The
HFTF and HFTFX diets derive 45% of their calories from fat, with 30% of the fat in the
form of partially hydrogenated vegetable oil (28% saturated, 57% monounsaturated fatty
acids, 13% polyunsaturated fatty acids; HFTF custom diet TD06303, Harlan Teklad) [15].
The HFTF and HFTFX mice were also given HFCS equivalents in rodent drinking water at
42 g/L (55% fructose, 45% glucose w/w). The HFTFX diet also contained 2.0 g/kg of
cholesterol. Food and water consumption was measured by weighing new and remaining
food and water three times weekly. At the onset and throughout the study, fasting blood
samples were obtained. At necropsy, liver and fat samples were snap-frozen in liquid
nitrogen and stored at —80°C.

1.2. Pathology

Tissues were prepared as described previously [9,16,17]. Briefly, liver was removed,
weighed and divided into three samples for cryosection, formalin fixation and frozen
samples. Hematoxylin and eosin stain (formalin fixed embedded in paraffin), Sirius red
(Sigma-Aldrich, St. Louis, MO, USA), Masson Trichrome (Thermo Scientific) and
immunohistochemistry were performed on the cryosections [9,16,17,20]. Frozen samples
were used for oil red O staining and performed as described Mehlem et al. [21].
Hydroxyproline colorimetric assay (BioVision, Milpitas, CA, USA) was performed as
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described by the manufacturer on frozen samples. Visceral fat was removed, weighed and
stored at —80°C.

1.3. Glucose and insulin tolerance testing

For the glucose tolerance test, mice were fasted for 8 h. Glucose (2 g/kg) was then
administered intraperitoneally using a 31-gauge insulin syringe. Glucose levels were
measured at 0, 15, 30, 60, 90 and 120 min by tail vein sampling with portable glucometer.
Insulin tolerance was measured as described previously [15]. Briefly, mice were fasted for 6
h and injected intraperitoneally with 0.6 U/kg human regular insulin at a concentration of
0.2 U/ml with a 31-gauge insulin syringe. Glucose levels were measured by tail vein
sampling with a portable glucometer at 0, 15, 30, 45 and 60 min.

1.4. Blood chemistry

Blood drawn from the submandibular vein was used to measure alanine aminotransferase
(ALT), aspartate aminotransferase (AST), total cholesterol and serum triglycerides. Lipids
were measured on the CX7 chemistry autoanalyzer (Beckman Coulter Diagnostics, Miami,
FL, USA). Adipokines were measured using the Milliplex Map Mouse Serum Adipokine
panel (EMD Millipore, Billerica, MA, USA).

1.5. Statistical analysis

The data are presented as meanszstandard error of the mean (S.E.M.). Statistical analysis
was performed using JMP v.8.01 (SAS Institute, Cary, NC, USA). All data were initially
analyzed using one-way analysis of variance. The Student’s t test was also used to determine
difference between groups.

2. Results

2.1. Both diets result in obesity and insulin resistance in mice

C57BL6 mice fed for 16 weeks on either the HFTF or HFTFX diet were significantly
heavier (33%-38%; P<.05) than mice fed the standard laboratory chow (Fig. 1A and Table
1). Both cohorts also had significantly higher fasting blood glucose than mice fed standard
chow (Fig. 1B-C). Additionally, both glucose tolerance and insulin tolerance tests
demonstrated that both the HFTF and HFTFX mice were insulin resistant; both groups had
significantly larger area under the curve values (AUC) than the control group (Fig. 1B-C).
There was no significant difference in AUC values between the high-fat-fed groups. The
addition of cholesterol was shown to have no appreciable effect on body weight, insulin
sensitivity or glucose disposal.

2.2. Cholesterol — independent of visceral adiposity — significantly impacts liver weight
and morphology
Mice fed either the HFTF or HFTFX diet had significantly more visceral fat than mice fed
standard chow (P<.0001), and this trend persisted even when adjusted for body weight
(Table 1).
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Mice fed the HFTF diet had significantly heavier livers than the control group (Table 1;
approximately 50%, P<.05); however, the livers from mice fed the HFTFX diet had liver
weights approximately 144% heavier than mice fed the control chow and 58% heavier than
mice fed the HFTF alone (P<.0001). This is an important distinction and suggests that livers
exposed to cholesterol may have advanced hepatic NASH-related histopathology that cannot
be accounted for by simply increased steatosis.

The characteristic chicken wiring pattern, hepatocyte ballooning and Mallory bodies seen in
human NASH are present in the livers of high-fat-fed mice with and without cholesterol
(Fig. 2B-C). Oil red O staining reveals significant lipid accumulation in the livers of both
the HFTF and HFTFX groups (Fig. 2D-F). The HFTFX group’s lipid accumulation appears
to be primarily microvesicular in comparison to that of the HFTF group, which contains
large macrovesicular droplets.

Histological staining is an important component to establish the extent of hepatic fibrosis.
Sirius red staining and trichrome staining were both used to measure the amount of hepatic
fibrosis. The impact of cholesterol is clearly demonstrated in liver stained for fibrosis
progression (Fig. 3A-F). The HFTFX diet in comparison to the control diet and HFTF has
significant increases in Sirius staining as well as trichrome stain — both markers of dense
collagen deposition. The addition of cholesterol appeared to have a profibrogenic effect
within the model (Fig. 3G). Both Sirius red and trichrome staining intensity revealed
significant fibrosis development in comparison to the HFTF diet group alone, indicating that
cholesterol increases the profibrogenic potential of this diet. We quantified these data using
histomorphometric analysis to ascertain relative density units of Sirius red staining from
various sections of liver tissue sampled of all mice from the three feeding cohorts (Fig. 3G).

2.3. The addition of cholesterol to the diet increases profibrotic cytokines leptin and
interleukin (IL)-6 in an additive manner

To provide a potential explanation as to why choleseterol can be profibrogenic in the liver,
we analyzed key adipocytokines known to be associated with injury and fibrosis. Mice fed
either the HFTF or HFTFX diet had extremely high circulating levels of insulin and
significantly higher tumor necrosis factor (TNF)-a levels (Table 2). These data were
anticipated since the mice became hyperinsulinemic which results in low-grade
inflammation consistent with chronic obesity. Interestingly, the addition of cholesterol
significantly increased circulating leptin and IL-6 levels. Hence, the HFTFX-fed mice had
significantly higher levels of leptin and IL-6 than did the mice fed the HFTF alone (Table 2).
These data strongly suggest that the addition of cholesterol creates a synergistic effect on
adipocytokines associated with development of NAFLD as well as hepatic fibrosis.
Adiponectin has been shown to be a potent antifibrogenic cytokine, and while the levels
were markedly reduced in the HFTFX mouse cohort when compared to the HFTF group, the
difference was not statistically significant. Surprisingly, there was no difference in
monochemoattractant protein-1 (MCP-1) between the groups, indicating that there may be
other factors increasing the infiltration of immune cells. Two other adipocytokines —
resistin and plasminogen activator inhibitor (PAI)-1 — revealed mixed results in either
feeding cohort. The exact role of these adipocytokine in the progression or severity of
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NASH is still under debate. Both adipocytokines have been shown to be elevated in NASH
patients [22—-24]. However, neither adipocytokine at present is known to play a crucial role
in the progression or resolution of NASH. It is clear that cholesterol resulted in increased
hepatic inflammation since the ALT and AST levels were significantly higher in the HFTFX
group when compared to either the control or HFTF-fed mice (P<.005) (Fig. 4D-E).

Activated stellate cells (HSCs) are principal players in the development of liver fibrosis,
regardless of liver injury. Previous work from our laboratory has shown that high
concentrations of leptin and inflammation can activate HSCs. To examine whether stellate
cell activation was significant in the HFTFX-fed mice, we stained liver sections with tagged
anti-alpha smooth muscle actin (a-SMA) antibodies, a marker of HSC “activation” (Fig.
4A-C). Our results indicate that the HFTFX-fed mouse had significantly more activated
HSCs in respective liver tissue examined.

The immunohistochemical data and liver weight/body weight ratios indicate that increased
collagen was present in the livers of mice fed the HFTFX diet. As an indirect measure of
collagen content, hydroxyproline assays demonstrated that, indeed, the mice on the HFTFX
diet had significantly higher hydroxyproline levels when compared to all other mouse
cohorts (Fig. 5).

3. Discussion

We have provided significant evidence for the use of the modified HFTFX diet administered
over 16 weeks to study NASH in murine models. Importantly, the nutrients of this model
also result in key features of MetS as well as NASH. In comparison to other mouse models,
early exposure to this diet (feeding that begins at 4-5 weeks of age) appears to disrupt the
compensatory mechanism used to dispose of excessive free fatty acids (FFA), whereby the
liver serves as a “sink” for toxic FFA [25]. There is a growing evidence emerging from
pediatric studies demonstrating that advanced fibrosis can occur even with a relatively short
exposure to a Western diet [26,27]. There are data that mice which are weaned and
immediately initiated on Western diets may be more likely to develop a phenotype akin to
human MetS along with NASH and pericellular fibrosis. Our data would appear to support
this assertion, and this may explain the robust hepatic NASH lesions we have observed in
this model, in contrast to outcomes of others who have used a similar model in recent
publications. We are currently examining a mechanistic role for innate immune cells to
account for these early fibrotic findings in the liver.

Indeed, even in our diets without cholesterol, there was still modest fibrosis after 16 weeks.
We hypothesize that one of the reasons models that utilize older mice require longer periods
of exposure or higher fat and cholesterol amounts is because older mice are able to
metabolize fat with higher efficiency. Consequently, investigators using adult mice,
particularly using a diet with only a single nutrient (i.e., saturated fat) to induce hepatic
steatosis, typically would require abnormally high levels of fat — 60% to 65% of total
calories consumed over prolonged extended periods of time (6 months) as opposed to 45%,
a value more typical of the American diet. Six-month feeding studies to facilitate hepatic
fibrosis are not just an inefficient method to conduct animal experiments but are also quite

J Nutr Biochem. Author manuscript; available in PMC 2016 January 26.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Mells et al.

Page 7

costly. Importantly, the degree of fibrosis varies. While the best model to induce hepatic
fibrosis by diet heretofore is using a diet with methionine—choline deficiency, this diet does
not induce insulin resistance or MetS and becomes a major concern in reporting data related
to the study of human NASH. By contrast, we have observed that cholesterol as a nutrient
additive can induce significant fibrosis by 16 weeks. The increased collagen deposition,
assessed in this report by Sirius red, trichrome stains and histomorphometric analysis, would
explain why the liver weights observed in the HFTFX mice were considerably heavier
compared to the liver weight and liver weight/body weight ratios observed in the mice fed
the HFTF diet alone. We would also point out that we used a 0.2% cholesterol diet. While
others have reported a clear association that cholesterol is fibrogenic, we did not use daily
quantities of cholesterol significantly higher than a typical atherogenic diet or a diet
consumed by average Americans [28-30].

The cytokine profile reported here corroborates previously published data but merits further
study [31-33]. However, two adipocytokines that were significantly increased in the
cholesterol feeding model were I1L-6 and leptin. We, and others, have published extensive
data regarding the role of leptin in the pathogenesis of fibrosis, regardless of the etiology of
the liver injury sustained [32,34]. Machado et al. showed in morbidly obese patients that
leptin levels increased significantly in proportion to increased fibrosis [32]. IL-6 is thought
to be a major player in the development of NASH; numerous studies have demonstrated that
IL-6 is significantly elevated in NASH patients [35,36].

The increased incidence of NAFLD and cardiovascular disease (CVD) in patients closely
parallels the increased consumption of HFCS, cholesterol, saturated fat and trans-fat in the
United States [10]. The sharp rise in the prevalence of T2DM and NASH is associated with
changes in the food supply, particularly increased use of trans-fat, HFCS and cholesterol. In
Denmark, the ban on trans-fats in food has resulted in a 60% decrease in CVD incidence
[37]. Nonetheless, naturally occurring saturated fatty acids, as well as cholesterol, as
discussed here, still pose significant risks in patients afflicted with MetS.

While single-nutrient studies have been extremely valuable in expanding our understanding
of the fibrosis mechanisms related to cirrhosis, additional models which mirror human
dietary consumption are clearly still needed for improved research in the spectrum of
NAFLD as well as for early-phase pharmacologic testing. Our model offers a timely
advance and parallels recent developments of genomic, proteomic and metabolomic
analyses of human and mouse tissue. Taken together, such advances offer the possibility of
biomarker development which would offer predictive value to clinicians as to which patients
are at risk for significant morbidity and cardiovascular mortality.

The effect of fructose is different from other carbohydrates because fructose does not
stimulate insulin secretion from pancreatic p-cells. Despite claims that “sugar is sugar,”
studies using fructose or HFCS have demonstrated that high fructose consumption causes
inflammation, leptin resistance, steatosis and decreased catabolism of fatty acids [38—41]. In
this study, we did incorporate fructose as part of the water supply in experimental treatment
arms. In prior studies, we did not find a significant difference in pair-feeding studies using
this method of carbohydrate delivery. Similar to the Tetri study, our model incorporated
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HFCS into the rodent drinking water. The use of “sugar water” is similar to the beverages
Americans drink periodically between meals, which result in frequent spikes in circulating
insulin. These insulin spikes in blood glucose and subsequent increases in circulating insulin
are likely to increase the inflammatory cytokine profile in mice, with concomitant activation
of innate and adaptive immune responses. Separately, no single nutrient can recapitulate
every metabolic derangement associated with MetS. HFCS studies by Collision et al. in
mice revealed that, although mice fed this diet developed significant hepatic steatosis and
did result in up-regulation of key lipogenic genes, the mice did not exhibit dyslipidemia and
had normal fasting serum triglyceride levels [42].

In humans, trans-fat ingestion has been shown to decrease the high-density to low-density
lipoprotein (LDL) cholesterol ratio [43]. Studies by Bassett et al. in low-density lipoprotein
receptor-deficient mice (LDL /") demonstrated that mice fed a diet enriched with trans-fat
developed atherosclerotic lesions even in the absence of dietary cholesterol [44]. In contrast,
studies by Dorfman et al. demonstrated that rats fed a diet low in fat but enriched with trans-
fat had significant increases in visceral fat and liver steatosis; however, they found that the
diet had no impact on fasting glucose, insulin and triglyceride levels [45]. Studies by
Wouters et al. implicated cholesterol as the primary determinant of NASH. Using both LDL-
R~ mice and ApoE2 knock-in mice, they were able to show that omitting cholesterol
prevented hepatic inflammation [46,47]. Additionally, they showed that, in mice which
developed NASH, there was an increase in serum free cholesterol without significant
changes in serum cholesterol ester concentrations. Savard et al. showed that omitting dietary
cholesterol reduced plasma very low density lipoprotein cholesterol and also protected the
liver against developing hepatic inflammation. Furthermore, they also demonstrated that
steatosis did not appear to be necessary for hepatic inflammation [48].

We recognize that a 4-month dietary model still represents a significant investment with
regard to time and cost; however, we are now testing this dietary model in mice for 12
weeks to determine the degree of fibrosis we detect. Finally, the model significantly reduced
time and expense in our laboratory but has resulted in significant fibrosis along with MetS.
Future work from our laboratory and our collaborators at Emory will demonstrate in
publications based on preliminary data that this formula is highly useful for study purposes.
In addition, while little is currently known as to exactly how cholesterol may be
profibrogenic, one possibility may be that cholesterol is engulfed by hepatic stellate cells
and in turn results in their activation. Tontonoz and colleagues reported several years ago
[49] and, more recently, Tomita and colleagues together provide a molecular explanation for
cholesterol as a profibrogenic substance [28].

In summary, the murine model and feeding strategy appear to be an advance in our
laboratory toolbox in mimicking human MetS and NASH in mice. Three possible reasons
for our findings may include the age of the mice when feeding commenced, the use of
“sugar” water which could be likened to consumption of beverages with HFCS and a diet
high (but not out of average daily consumption) in cholesterol. We are now testing other
diets to reduce cost and time to achieve realistic endpoints for MetS and NASH.
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Fig. 1.

Body weight, glucose and insulin tolerance tests after 16 weeks of feeding. (A) Weights at
16 weeks. Mice were fed control chow, HFTF or HFTFX. (B-C) Glucose and insulin
tolerance tests were performed at 16 weeks. Both the HFTF and HFTFX groups have
significantly larger AUCs than control. “*” denotes significant difference (P<.05, n=8 per

group).
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Fig. 2.
(A-C) Hematoxylin and eosin staining of liver sections (magnification, 100x). Black arrows

denote Mallory body formation and hepatocyte ballooning. (D—F) Oil red O staining of liver
sections. Red staining indicates lipid accumulation (magnification, 100x; insert, 200x).
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(A-C) Siruis red staining of liver sections (magnification, 40x; inset, 100x). (D—-F) Masson
Trichome staining (magnification, 100x). (G) Quantification of Sirius red staining. “*”
indicates significant difference from control (P<.05); “==" indicates a significant difference
between HFTF and HFTFX (P<.05).
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from control (P<.0001); “**” or
and HFTFX (P<.001).
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Hydroxyproline content of livers from mouse cohorts; “*” indicates significant difference
from control (P<.05).
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Table 2
Adipocytokines and insulin
Control HFTF HFTFX
MCP-1 (pg/ml) 211.60+2.87 217.39+2.94 221.81+3.0
Insulin (pg/ml) a270.26+477.0 b 1978.24+550.80 P 2140.82+509.94
Leptin (pg/ml) 2288.78+87.11 b 3385.65+905.74 € 5093.26+452.42

Adiponectin (ng/ml)  2110,307.4+7179.7 71,420.0+1658.9 P 55,820.0+1682.1

IL-6 (pg/ml) a7.15+1.19 b15.11+1.74 €20.91%1.45
TNF-a (pg/ml) 41.22+0.32 b2.90+0.30 b3.51+0.26
Resistin (pg/ml) 41957.87+179.29 2 3436.19+406.91 1 4949.27+712.31
PAI-1 (pg/ml) 41747.10+124.80 2 2347.91+94.86 b 2962.09+385.37

Values are means=S.E.M. (n=8 per group). Superscript letters with the same letter indicate no significant difference between the groups. Groups
with the same superscript letter indicate that there is a significant differences between groups (P<.05). Student’s t test was used in analysis.

J Nutr Biochem. Author manuscript; available in PMC 2016 January 26.



