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Background. We used high-fat (HF), high-fructose (HFr), and combination diets to create a dietary animal model of nonalcoholic
fatty liver disease (NAFLD). Comparison of both clinical phenotypes has not been well defined. The purpose of this study was
to compare histologic and metabolic characteristics between diets in an animal model of NAFLD. Methods. NAFLD was induced
in rats by feeding them HF, HFr, and combination (HF + HFr) diets for 20 weeks. The degree of intrahepatic fat accumulation,
inflammation, and oxidative stress was evaluated. Metabolic derangements were assessed by the oral glucose tolerance test and the
intrahepatic insulin signal pathway. Results. Body weight gain and intrahepatic fat accumulation were more prominent in the HF
feeding group than in theHFr group.The expressions ofNOX-4 andTLR-4were higher in theHF andHFr combination groups than
in the HF-only group. Other intrahepatic inflammatory markers, MCP-1, TNF-𝛼, and endoplasmic reticulum stress markers, were
the highest in the HF + HFr combination group. Although intrahepatic fat deposition was less prominent in the HFr diet model,
intrahepatic inflammation was noted. Conclusions. Intrahepatic inflammation and metabolic derangements were more prominent
in the HF and HFr combination model than in the HF monodiet model.

1. Introduction

Nonalcoholic fatty liver disease (NAFLD) is the most com-
mon form of chronic liver disease in western countries. The
underlying mechanisms leading to NAFLD progression and
serious consequences such as cirrhosis and hepatocellular
carcinoma are still largely unknown [1]. There are two forms
of fatty liver disease, simple steatosis and steatohepatitis.
In some cases, steatohepatitis, not simple steatosis, leads
to cirrhosis, hepatocellular carcinoma, and end-stage liver
disease [2].

A number of genetic and dietary NAFLDmodels are used
to understand NAFLD pathophysiology; however, in prac-
tice, only a few models successfully achieve inflammatory
steatohepatitis and fibrosis [1]. One of the most challenging
aspects of NAFLD studies is the lack of a suitable animal

model for steatohepatitis and NASH-associated fibrosis [1].
An ideal NASH animal model should closely resemble the
features of humanNASH and include features such as obesity,
insulin resistance, and histological changes including liver
inflammation and fibrosis. However, an ideal NASH model
that closely mimics both human clinical and histological
features has not been established. For instance, although the
methionine- and choline-deficient- (MCD-) induced mal-
nutrition model closely resembles the histological features
of human steatohepatitis, the animals rarely develop insulin
resistance or obesity [3]. The pathophysiological mechanism
is also quite different from that in actual clinical settings.
Animal models with ad libitum feeding of 40–60% high-
fat (HF) diets successfully develop obesity, intrahepatic fat
deposition, insulin resistance, and metabolic parameters
resembling human NASH [4].
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Recent epidemiological studies have highlighted a strong
correlation between intrahepatic fat accumulation and satu-
rated fats, trans-fatty acids, carbohydrates, and simple sugars.
However, the true association with specific nutrients still
remains unclear [5]. Both human and animal studies have
established the impacts of fructose consumption on body
weight, lipid profiles, and glucose metabolism. It is well
documented that fructose-enriched diets also contribute to
an increased risk of developing obesity, metabolic syndrome,
and diabetes mellitus [6, 7]. However, until now, only a
few studies have compared the histological and metabolic
alterations induce by HF, HFr, and HF + HFr diets in
order to examine the different NAFLD and/or NASH in
animal models [8]. Therefore, we evaluated and compared
the differences in the induction of histological and metabolic
features induced by HF, HFr, or HF plus HFr combination
diets to characterize the resulting NAFLD and NASH rat
models.

2. Materials and Methods

2.1. Experimental Design. Forty-eight male Sprague-Dawley
rats (Orient Bio, Seoul, Korea) (200–250 g) were randomly
allocated to four groups as follows: control (𝑛 = 12) fed on
normal chow, high-fat diet (𝑛 = 12) fed on a high-fat diet
(60% total calories), high-fructose (𝑛 = 12) (30% fructose in
drinking water), and high-fat + high-fructose combination
(𝑛 = 12) (60% high fat + 20% fructose). Fructose (20–
30%) was only supplied in drinking water. Animals were
maintained in a temperature-controlled room (22∘C) on a
12:12 h light-dark cycle. During the 20-week period, changes
in body weight were recorded weekly and at the end of the
experiment.The study was designed to execute three separate
sets of experiments each at end of 12, 16, and 20 weeks. At 12,
16, and 20 weeks, 4 rats from each group were sacrificed by
thoracotomy involving the diaphragm. Blood was withdrawn
by cardiac puncture, and liver tissues were extracted for
evaluation. All procedures were approved by the Hanyang
Institutional Animal Care and Use Committee (HY-IACUC-
11-067).

2.2. Oral Glucose Tolerance Test and Blood Chemistry. Oral
glucose tolerance testing (OGTT) was performed at the end
of weeks 12, 16, and 20 before animal sacrifice. Briefly, 2 g
glucose/kg body weight was provided orally to the rats. After
0, 30, 60, and 120 minutes blood glucose was measured
from tail vein blood using an Accu-Chek glucose meter
(Roche, Montreal, QC, Canada). Upon animal sacrifice, the
serum aspartate aminotransferase (AST) and alanine amino-
transferase (ALT) levels were measured using a biochem-
ical analytical system (Hitachi-747; Hitachi, Tokyo, Japan).
Interleukin-6 (IL-6) was measured by ELISA (R&D Systems,
Minneapolis, MN, USA).

2.3. Liver Histology and Immunohistochemistry. Paraffin-
embedded liver sections were fixed in 10% formaldehyde
and stained with haematoxylin and eosin. Four-micrometer-
thick sections were cut from the paraffin block and coated

on the glass slide. Immunohistochemistry for expression
of NOX-4 (Abcam, Cambridge, UK) and F4/80 (Abcam,
Cambridge, UK)was performed. A single pathologist blinded
to treatment status evaluated the histological characteristics
and calculated overall steatohepatitis scores. Histologic eval-
uationwas performedusing theNAFLDActivity Score (NAS)
system [9].

2.4. RNA Isolation and Quantitative RT-PCR. RNA was
isolated from the liver tissue using the RNeasy kit (Qia-
gen, Dusseldorf, Germany) according to the manufacturer’s
instructions. Isolated RNA samples were converted to cDNA
using reverse transcriptase (SuperScript III; Invitrogen) and
oligo (dT) primers. All PCR reactions were performed on
the LightCycler 480 system (Roche Diagnostics, Mannheim,
Germany) using LightCycler480 SYBRGreen I Mastermix
(Roche Diagnostics) in standard 10𝜇L reaction volumes as
follows: 4 𝜇L (100 ng) cDNA, 0.5 𝜇L of 10 pM sense primer,
0.5 𝜇L of 10 pM antisense primer, and 5 𝜇L LightCycler 480
SYBR Green I Master mix (Roche Diagnostics). To guarantee
the reliability of the obtained results, all samples were pro-
cessed in triplicate, and each assay was performed using a
negative control. The values thus obtained were normalized
versus the control and were expressed as fold changes. PCR
primer sets used were as follows: TNF-a forward, 5-TGA-
GATTCGTGCACAAGAGG-3; reverse, 5-GTCATGGCT-
TTGGATGTCCT-3; MCP-1 forward, 5-ATGCAGTTA-
ATGCCCCACTC-3; reverse, 5-TTCCTTATTGGGGTC-
AGCAC-3; CHOP forward, 5-GCAGCTGAGTCTCTG-
CCTTT-3; reverse, 5-CTGCTCCTTCTCCTTCATGCT-
TCCCCGTTCT-3; ATF6 forward, 5-CCCACCAAAGGT-
CAGACTGT-3; reverse, 5-CTTGGGACTTTGAGCCTC-
TG-3; IRS-1 forward, 5-ACACAGCTGCACAGACCAAC-
3; reverse, 5-CCCAACTCAACTCCACCACT-3; IRS-2
forward, 5-CATCGATGGCCTTCTCTCTC-3; reverse, 5-
CCATGAGACTTAGCCGCTTC-3; GAPDH forward, 5-
TGCCACTCAGAAGACTGTGG-3; reverse, 5-TTCAGC-
TCTGGGATGACCTT-3. All experiments were performed
in triplicate.

2.5. Western Blot Analysis. PBS washed liver samples were
solubilized in radioimmunoprecipitation assay buffer con-
taining protease inhibitors (Pierce, Rockford, IL). The lysates
were centrifuged (15,000×g for 10min at 4∘C), and super-
natants were boiledwith sodiumdodecyl sulfate buffer (0.5M
𝛽-mercaptoethanol). The boiled lysates were subjected to
10% SDS-PAGE, and signals were visualized using enhanced
chemiluminescence western blot analysis detection reagent
(Amersham Biosciences, Piscataway, NJ). The bands on
immunoblots were analyzed using an image reader LAS-3000
(version 2.1; Fujifilm, Tokyo).The primary antibodies, CHOP
and ATF-6 polyclonal antibodies (Santa Cruz Biotechnology,
Inc., Santa Cruz, CA, USA), were diluted 1 : 200 in TBS-T/5%
nonfat drymilk, and the secondary antibody was horseradish
peroxidase- (HRP-) conjugated goat anti-mouse IgG anti-
body diluted 1 : 2000 (Santa Cruz Biotechnology, Inc.) in
TBS-T/5% powdered nonfat dry milk. This experiment was
repeated in three samples.
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Table 1: Biochemical parameters according to nonalcoholic fatty liver disease model.

Parameter Control HF HF + HFr combination HFr 𝑝
∗

AST (U/L) 143 ± 25.5 336 ± 108.3∗ 230.3 ± 78∗ 240 ± 83.9 0.035
ALT (U/L) 44 ± 4.6 60.7 ± 22.4∗ 48.9 ± 12.9∗ 40.7 ± 8.7 0.049
T.bili (mg/dL) 0.02 ± 0.01 0.06 ± 0.03 0.03 ± 0.01 0.04 ± 0.02 0.121
IL-6 (pg/mL) 13.1 ± 6.1 10.3 ± 5 9.3 ± 7.9 11.3 ± 7.5 0.127
Insulin (pmol/L) 1,181 ± 1020.4 2,092.3 ± 1113.4 1,518.5 ± 1217.5 1,227.8 ± 364.2 0.513
AST: aspartate transaminase; ALT: alanine transaminase; T.bili: total bilirubin; IL-6: interleukin-6. ∗𝑝 < 0.05 by Kruskal-Wallis test.
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Figure 1: Changes in body of rats fed control, high-fat, high-
fructose, and combination diet groups for the indicated weeks ∗𝑝 <
0.05 by ANOVA.

2.6. Data Analysis. All quantitative data were expressed as
the group means and standard deviations. Statistical analysis
was performed with the one-way ANOVA test using SPSS for
Windows version 18.0 (SPSS Inc., Chicago, IL, USA). 𝑝 values
less than <0.05 were considered significant (see Table 1).

3. Results

3.1. Baseline Characteristics and Biochemical Analysis. At
baseline, the body weights of the rats were the same. Com-
pared to the control at 12, 16, and 20 weeks, the body weight
of rats in the HF diet (796 ± 69.74 g) and HF + HFr diet
(740.2 ± 65.43 g) groups increased significantly (𝑝 = 0.01
and 𝑝 = 0.03, resp.), while body weight of rats in the HFr
group decreased; this decreasewas not significant (𝑝 = 0.122)
(Figure 1). Among all of the groups, differences in serum
aspartate aminotransferase (AST), alanine aminotransferase
(ALT), total bilirubin, fasting insulin, and IL-6 levels were
found; however, none of these differences were significant
(data not shown).

3.2. Histological Findings. H&E staining demonstrated a
progressive development of steatosis in both HF and HF +
HFr groups (Figure 2). Moreover, compared to the control,

the HF group showed a significant increase in intrahepatic
fat deposition, while the HFr group showed only minimal
fat deposition (Figure 2(a)). F4/80 and Nox-4 immunohis-
tochemistry expressions were measured to evaluate intra-
hepatic inflammation. Tissues from the HF and HF + HFr
groups stained more strongly with F4/80 than those from the
HFr group, especially at 20 weeks (Figure 2(b)). Nox-4 was
also significantly increased in the HF and HF + HFr groups
compared to the control group (𝑝 = 0.05) (Figure 2(c)).

3.3. Metabolic Derangement and Glucose Tolerance Test. An
oral glucose tolerance test (OGTT) was conducted at 12, 16,
and 20 weeks (Figure 3). Only rats in the HF + HFr group
showed an area under the curve that was higher than the
control group at 12 weeks and 20 weeks. Receiver operating
characteristic values of the fructose group were significantly
higher than the other groups (𝑝 = 0.041). Compared to
the control at 12, 16, and 20 weeks, the serum glucose levels
increased significantly (𝑝 = 0.05) in rats fed the HF + HFr
diet (Figure 3).

3.4. Intrahepatic Inflammation and Endoplasmic Reticulum
Stress. To evaluate the proinflammatory status of each study
group, we evaluated the mRNA expression of tumor necrosis
factor-𝛼 (TNF-𝛼) and monocyte chemoattractant protein-
1 (MCP-1) using RT-PCR (Figure 4(a)). Compared to the
control, the TNF-𝛼 andMCP-1 expression levels from theHF,
HFr, and HF + HFr groups increased significantly; however,
there was no significant difference among the treatment
groups themselves. The C/EBP homologous protein (CHOP)
and activating transcription factor 6 (ATF6) expression levels
were evaluated to assess endoplasmic stress. CHOP andATF6
expressions increased in all treatment groups compared to the
control (Figure 4(b)). CHOP and ATF6 mRNA expressions
were higher in the HF + HFr group than in the HF alone
group.The protein expression of the ER stressmarker showed
similar results (Figure 4(c)).

4. Discussion

In our modern culture, corn syrup has emerged as a risk
factor for metabolic derangement [10]. Fructose, the major
ingredient of corn syrup, is known to have a strong cor-
relation with obesity as well as brain cognitive function.
Fructose promotes not only hepatic steatosis and intestinal
bacterial overgrowth but also hepatic inflammation through
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Figure 2: Continued.
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Figure 2: Nonalcoholic fatty liver disease caused by high-fat and high-fructose diet in rats. Histological examination of liver sections by
hematoxylin and eosin staining (a) and immunohistochemistry F4/80 (b), NOX-4 (c), and TLR-4 (d).

augmented gut endotoxin-mediated Kupffer cells activation
[11].

Our data showed that endoplasmic reticular stress and
metabolic derangement were augmented in rats fed a com-
bination high-fructose and HF diets. In previous studies,

most HF diets contained 45–60% fat, and rodents fed these
HF diets had up to a 15% increase in body weight due to
the gradual accumulation in body fat. Interestingly, mixing
30% HFr with drinking water did not significantly increase
total body weight compared to the normal chow diet group.
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Figure 3: Effect of control, high-fat, high-fructose, and combination diet groups on insulin sensitivity. Blood glucose levels during the oral
glucose tolerance test: 12 weeks (a); 16 weeks; (b) 20 weeks (c). ∗𝑝 < 0.05 by ANOVA.

However, HFr feeding significantly augmented intrahepatic
inflammation when cotreated with the HF diet. Hepatic
expressions of F4/80 and NOX4 were more prominent in
the HF + HFr combination diet group than in the HFr
and HF alone groups, suggesting that fructose augments
hepatocellular damage. Notably, feeding with fructose alone
did not cause the rats to fully express the phenotype of
human NASH or fibrosis. These results are similar to human

data. In a human study, fructose consumption was signif-
icantly higher in NASH patients than in simple steatosis
patients independent of body weight, age, and sex [12].
Moreover, daily fructose consumption is associated with
increased hepatic fibrosis [13, 14]. There are some possible
mechanisms by which fructose can act as a facilitator of
inflammation and fibrosis. Fructose increases the influx of
lipopolysaccharides from the gut by changing small intestine
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Figure 4: Changes in hepatic expression of genes involved in endoplasmic reticulum stress, inflammation, and insulin resistance. Gene
expression of inflammationmarkers in the liver from each groupwas investigated byRT-PCR analysis (a). Detection of endoplasmic reticulum
stress markers in the liver from each group using RT-PCR (b). Detection of CHOP and ATF-6 in the liver from each group using western
blotting (c).𝑁 = 3 ∗𝑝 < 0.05 by ANOVA.
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bacterial overgrowth and intestinal permeability [15]. This
increase in lipopolysaccharides induces intrahepatic innate
immunity and ROS production [16, 17]. Additionally, the HFr
diet not only increases insulin resistance but also promotes
mild-to-severe dyslipidemia [18]. One report insisted that
fructose can induce diabetes by stressing pancreatic islet
cells and depleting intracellular adenosine triphosphate [19].
In a human epidemiologic study, the amount of fructose
consumption showed a strong positive correlation with the
development of insulin resistance and obesity [20]. The HFr
diet is a well-recognized model for metabolic syndrome.
However, only a few studies have compared HF- and HFr-
induced intrahepatic inflammation and oxidative stress.
Kawasaki et al. compared the histological features of HF-
and HFr-induced animal NAFLD models [8]. They reported
that HFr diet significantly increased macrovesicular steatosis
and hepatic triglycerides contents [8]; however, the extent of
hepatic inflammation was not compared. Currently, there is
no direct comparing data regarding the differences in diet-
induced NAFLD models.

It is still not clear whether fructose alone can alter
metabolic parameters. In our study, we did not find any
differences in glucose intolerance between the HF and HFr
groups, but glucose intolerance was significantly increased
in the HF + HFr combination group. These findings are
consistent with Tetri et al. [21] who determined that fructose
along with the percentage of trans-fats or high fats not only
promotes glucose and insulin insensitivity but also enhances
fatty liver progression. Our study showed that consuming
a conventional HF diet for 20 weeks successfully induced
relevant simple steatosis in rats. HFr feeding supplied in
drinking water successfully increased ER stress and intra-
hepatic inflammatory signals; however, the gains in body
weight and intrahepatic fat deposition in these animals
were not significant. de Moura et al. pointed towards the
limitation of fructose supplied in drinking water [22]; they
suggested that the HFr diet effectively induces higher insulin
resistance and weight gain compared to fructose supplied in
drinking water [22]. We found that HFr supplied in drinking
water with a HF diet successfully induced both intrahepatic
fat deposition and inflammation. In conclusion, the HF +
HFr combination diet successfully augments intrahepatic
inflammation and metabolic derangement compared to HF
or HFr diet alone.

Conflict of Interests

The authors declare that there is no conflict of interests
regarding the publication of this paper.

Acknowledgment

This study was supported by a Grant from the Korea Health-
care Technology R&D Project, Ministry of Health &Welfare,
Republic of Korea (A121185).

References

[1] C. Z. Larter and M. M. Yeh, “Animal models of NASH:
getting both pathology and metabolic context right,” Journal of
Gastroenterology and Hepatology, vol. 23, no. 11, pp. 1635–1648,
2008.

[2] K. M. Flegal, C. L. Ogden, R. Wei, R. L. Kuczmarski, and C. L.
Johnson, “Prevalence of overweight inUS children: comparison
of US growth charts from the Centers for Disease Control and
Prevention with other reference values for body mass index,”
American Journal of Clinical Nutrition, vol. 73, no. 6, pp. 1086–
1093, 2001.

[3] M. E. Rinella and R. M. Green, “The methionine-choline
deficient dietary model of steatohepatitis does not exhibit
insulin resistance,” Journal of Hepatology, vol. 40, no. 1, pp. 47–
51, 2004.

[4] S. Collins, T. L. Martin, R. S. Surwit, and J. Robidoux, “Genetic
vulnerability to diet-induced obesity in the C57BL/6J mouse:
physiological and molecular characteristics,” Physiology and
Behavior, vol. 81, no. 2, pp. 243–248, 2004.

[5] D. W. Jun, “The role of diet in non-alcoholic fatty liver disease,”
The Korean Journal of Gastroenterology, vol. 61, no. 5, pp. 243–
251, 2013.

[6] J. S. Lim, M. Mietus-Snyder, A. Valente, J. Schwarz, and R. H.
Lustig, “The role of fructose in the pathogenesis of NAFLD and
the metabolic syndrome,” Nature Reviews Gastroenterology &
Hepatology, vol. 7, no. 5, pp. 251–264, 2010.

[7] L. Tappy and K. Le, “Metabolic effects of fructose and the
worldwide increase in obesity,” Physiological Reviews, vol. 90,
no. 1, pp. 23–46, 2010.

[8] T. Kawasaki, K. Igarashi, T. Koeda et al., “Rats fed fructose-
enriched diets have characteristics of nonalcoholic hepatic
steatosis,”The Journal ofNutrition, vol. 139, no. 11, pp. 2067–2071,
2009.

[9] D. E. Kleiner, E. M. Brunt, M. van Natta et al., “Design and
validation of a histological scoring system for nonalcoholic fatty
liver disease,” Hepatology, vol. 41, no. 6, pp. 1313–1321, 2005.

[10] J. Lowndes, S. Sinnett, S. Pardo et al., “The effect of normally
consumed amounts of sucrose or high fructose corn syrup
on lipid profiles, body composition and related parameters in
overweight/obese subjects,” Nutrients, vol. 6, no. 3, pp. 1128–
1144, 2014.

[11] L. Hebbard and J. George, “Animal models of nonalcoholic fatty
liver disease,” Nature Reviews Gastroenterology & Hepatology,
vol. 8, no. 1, pp. 35–44, 2010.

[12] B.W. Smith andL.A.Adams, “Non-alcoholic fatty liver disease,”
Critical Reviews inClinical Laboratory Sciences, vol. 48, no. 3, pp.
97–113, 2011.

[13] M. F. Abdelmalek, A. Suzuki, C. Guy et al., “Increased fructose
consumption is associated with fibrosis severity in patients with
nonalcoholic fatty liver disease,” Hepatology, vol. 51, no. 6, pp.
1961–1971, 2010.

[14] X. Ouyang, P. Cirillo, Y. Sautin et al., “Fructose consumption
as a risk factor for non-alcoholic fatty liver disease,” Journal of
Hepatology, vol. 48, no. 6, pp. 993–999, 2008.

[15] L. Miele, V. Valenza, G. La Torre et al., “Increased intestinal
permeability and tight junction alterations in nonalcoholic fatty
liver disease,” Hepatology, vol. 49, no. 6, pp. 1877–1887, 2009.

[16] A. Spruss, G. Kanuri, S. Wagnerberger, S. Haub, S. C. Bischoff,
and I. Bergheim, “Toll-like receptor 4 is involved in the
development of fructose-induced hepatic steatosis in mice,”
Hepatology, vol. 50, no. 4, pp. 1094–1104, 2009.



The Scientific World Journal 9

[17] R. Kohli, M. Kirby, S. A. Xanthakos et al., “High-fructose,
medium chain trans fat diet induces liver fibrosis and elevates
plasma coenzyme Q9 in a novel murine model of obesity and
nonalcoholic steatohepatitis,”Hepatology, vol. 52, no. 3, pp. 934–
944, 2010.

[18] M.-Q. Zaman, V. Leray, J. le Bloc’h, C. Thorin, K. Ouguerram,
and P. Nguyen, “Lipid profile and insulin sensitivity in rats
fed with high-fat or high-fructose diets,” The British Journal of
Nutrition, vol. 106, supplement 1, pp. S206–S210, 2011.

[19] M. F. Abdelmalek, M. Lazo, A. Horska et al., “Higher dietary
fructose is associated with impaired hepatic adenosine triphos-
phate homeostasis in obese individuals with type 2 diabetes,”
Hepatology, vol. 56, no. 3, pp. 952–960, 2012.

[20] J.-H. Kang, G. Tsuyoshi, I.-S. Han, T. Kawada, Y. M. Kim,
and R. Yu, “Dietary capsaicin reduces obesity-induced insulin
resistance and hepatic steatosis in obese mice fed a high-fat
diet,” Obesity, vol. 18, no. 4, pp. 780–787, 2010.

[21] L. H. Tetri, M. Basaranoglu, E. M. Brunt, L. M. Yerian,
and B. A. Neuschwander-Tetri, “Severe NAFLD with hep-
atic necroinflammatory changes in mice fed trans fats and
a high-fructose corn syrup equivalent,” American Journal of
Physiology—Gastrointestinal and Liver Physiology, vol. 295, no.
5, pp. G987–G995, 2008.

[22] R. F. de Moura, C. Ribeiro, J. A. de Oliveira, E. Stevanato,
and M. A. R. de Mello, “Metabolic syndrome signs in Wistar
rats submitted to different high-fructose ingestion protocols,”
British Journal of Nutrition, vol. 101, no. 8, pp. 1178–1184, 2009.



Submit your manuscripts at
http://www.hindawi.com

Stem Cells
International

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

MEDIATORS
INFLAMMATION

of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Behavioural 
Neurology

Endocrinology
International Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Disease Markers

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

BioMed 
Research International

Oncology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Oxidative Medicine and 
Cellular Longevity

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

PPAR Research

The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014

Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Journal of

Obesity
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

 Computational and  
Mathematical Methods 
in Medicine

Ophthalmology
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Diabetes Research
Journal of

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Research and Treatment
AIDS

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Gastroenterology 
Research and Practice

Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014

Parkinson’s 
Disease

Evidence-Based 
Complementary and 
Alternative Medicine

Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com


