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NF-kB, TNF-o and IL-6 levels in Liver and Kidney of High-Fructose-Fed Rats

Short title: High Fructose Diet

Abstract

Background: Fructose constituting an important part of human diet, was reported to
facilitate fat depositing in the abdominal region in case of excessive consumption, therefore
increasing the risk of chronic illness more rapidly than expected, and inducing development
of various diseases such as diabetes, metabolic syndrome, hypertension and atherosclerosis.
The aim of this study was to investigate nuclear factor-kappa B (NF-kB), tumor necrosis
factor-alpha (TNF-a) and interleukin-6 (IL-6) levels in liver and kidney tissues of high-
fructose-fed rats and to determine the role of dietary addition of fructose on inflammation.
Methods: The rats were randomly divided into two groups of 7 rats as control (C) and
fructose (F). The fructose group received 30% (v/w) fructose in drinking water for 8 weeks.
Serum samples were used for aspartate aminotransferase (AST), alanine aminotransferase
(ALT), alkaline phosphatase (ALP), blood urea nitrogen (BUN) and uric acid measurements.
The liver and kidney tissues of the rats were washed with 0.9% NaCl for TNF-a, IL-6 and
NF-xB measurements.

Results: TNF-a, IL-6 and NF-«xB levels in liver tissues were found significantly higher in the
fructose group than the control group (p<0.001, p<0.05, p<0.001, respectively). TNF-a, IL-6
and NF-kB levels in the kidney tissue of the fructose group were statistically significantly
higher than the control group (p<0.001, p<0.001, p<0.001, respectively).

Conclusion: Fructose fed diet increased liver and kidney damage through augmenting

NF-xB, TNF-a and IL-6 levels.
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1.INTRODUCTION
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As a matter of fact, eating habits today are rapidly changing worldwide, which cause an
increased consumption of sugar and sugar-rich nutrients in the daily diet. Significant changes
occurred in carbohydrate content of foods, and intake of complex carbohydrates rich in fiber
content decreased while sugary products with high glycemic index increased. Fructose is the
major sweetener of sugar-sweetened beverages as part of sucrose molecule or high fructose
corn syrup (HFCS) besides glucose [1]. HFCS contains 42-90% fructose and is the main
source of fructose in the diet. Fructose is widely used in fruit juices, canned fruits, jams,
jellies, breakfast cereals and pastries. One of the reasons of high preference of fructose in
food industry is its lower cost in comparison to saccharose. Another reason is that fructose-
containing food and beverages delay the feeling of satiety while inducing the feeling of a new
hunger sooner [2]. Given that fructose is rapidly metabolized in the body and converted
directly into fatty acids unlike glucose, it was reported to contribute to lactic acidosis, liver
steatosis, obesity, insulin resistance, diabetes and lipid metabolism disorders and also to play
an important role in hypertension and cardiovascular diseases [3,4].

A wide variety of substances are secreted from the adipose tissue, including
inflammatory cytokines to begin with. Cytokines are chemical signaling molecules existing
in peptide or glycoprotein forms and mediate the development and regulation of
inflammatory and immune responses in membranes [5]. These molecules are mainly
produced by T cells and macrophages and secreted from cells with different characteristics.
Cytokines are classified in 2 groups, namely pro-inflammatory and anti-inflammatory
cytokines, and interleukin-6 (IL-6) and tumor necrosis factor-alpha (TNF-a) are involved in
the proinflammatory group [6]. IL-6 is an important cytokine playing a role in many
physiological and pathological events, such as immune response, acute phase response of the
liver, hemopoiesis, regulation of neuronal functions and osteoclast formation. The synthesis
and circulating level of IL-6 increase in parallel to the adipose tissue. Approximately one-
third of the IL-6 in the systemic circulation originates from the adipose tissue [7]. IL-6 is
distinctive with its endocrine activity and as a circulating cytokine, where most other
cytokines function via autocrine or paracrine mechanisms. TNF-a is produced by monocytes
and macrophages, in response to a variety of inflammatory and immunomodulatory stimuli.
TNF-a has a considerably wide range of bioactivities, and most cells are sensitive to TNF-a.
Under normal physiological conditions, TNF-a is involved in the formation of immune
response, cellular homeostasis as well as cell survival, proliferation, migration and
differentiation. TNF-a enhances lipolysis and apoptotic adipocyte death by inhibiting
lipogenesis [8].
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The liver is crucial for fructose metabolism, and for this very reason has a role in
important events such as metabolic dysfunction of glucose, dyslipidemia and inflammation.
Lipid accumulation leads to the development of oxidative stress in the liver and increased
activation of nuclear factor kappa B (NF-kB) [9]. NF-xB is a transcription factor and a
significant regulator of many genes responsible for inflammation, immune response,
lymphocyte activation, cell growth and apoptosis [10]. NF-xB exists in all cell types and is
involved in the production of cellular responses to stimuli such as stress, inflammatory
cytokines, free radicals, ultraviolet radiation, carcinogens, tumor-forming agents,
chemotherapeutics, bacterial and viral agents. NF-kB plays a central role in the
pathophysiology of clinically important diseases of many organ systems and inflammatory
cell damage [11,12].

This study was conducted to investigate NF-xB, TNF-a and IL-6 levels in liver and
kidney tissues of high-fructose-fed rats and to determine the role of dietary addition of

fructose on inflammation.

2. MATERIALS AND METHODS

2.1. Experimental Animals and Experimental Groups

Atatiirk University Experimental Animals Ethics Committee approval was obtained
before starting the study. As experimental animals, we used 14 male Wistar rats weighing
about 200-250 g and 8 weeks old. The rats were randomly divided into two groups of 7 rats
as control (C) and fructose (F). Experimental animals were kept under appropriate
temperature and ventilation conditions as well as in hygienic conditions. There was no
restrictions for feed and water. The control group was fed with the standard diet. The fructose
group received 30% (v/w) fructose in drinking water for 8 weeks [13].

At the end of eight-week experiment, all the rats in both groups were decapitated under
anesthesia with ketamine (60 mg/kg, Ketalar, Eczacibasi, Istanbul, Turkey) and xylazine (12
mg/kg; Rompun, Bayer, Istanbul, Turkey). Blood samples of the rats were rapidly collected
in biochemistry tubes and centrifuged at 4000xg for 10 minutes to separate the sera. Serum
samples were used for aspartate aminotransferase (AST), alanine aminotransferase (ALT),
alkaline phosphatase (ALP), blood urea nitrogen (BUN) and uric acid measurements. The
liver and kidney tissues of the rats were washed with 0.9% NaCl for TNF-q, IL-6 and NF-«xB
measurements and packaged and stored at -80°C in the deep freezer until the day of

measurement.
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2.2. Biochemical Analysis

Serum AST, ALT, ALP, BUN and uric acid levels were determined by autoanalyzer.
Liver and kidney tissues were homogenized with 1/10 cold 0.1 M phosphate buffer (pH: 7.4)
by using homogenizer. Tissue homogenates were centrifuged at 4000xg and at 4°C for 20
minutes and supernatants were obtained. In the kidney and liver tissue samples, TNF-a , IL-6
and NF-«xB levels were measured by Enzyme-Linked Immunosorbent Assay (ELISA) method
using commercial kits (SunRed Biological Technology, Co., Ltd. Shanghai). Absorbances
were read at 450 nm in the ELISA reader. The TNF-o, IL-6 and NF-xB results were stated as
ng/ml.

2.3. Statistical analysis
Statistical analysis of the data was performed using the Statistical Package for the
Social Sciences (SPSS) 24.0 program and Student’s T-Test. All results were expressed as

meanzstandard deviation and p <0.05 was considered statistically significant.

3. RESULTS

Serum AST, ALT and ALP enzyme activities with BUN and uric acid levels of the
study groups are presented in Table 1. Serum AST, ALT, ALP enzyme activities and BUN
and uric acid levels of the fructose group were statistically significantly higher than the
control group (p<0.001). TNF-a, IL-6 and NF-«xB levels in liver and kidney tissues are
presented in Table 2. TNF-a, IL-6 and NF-kB levels in liver tissues were found significantly
higher in the fructose group than the control group (p<0.001, p<0.05, p<0.001, respectively).
TNF-a, IL-6 and NF-kB levels in the kidney tissue of the fructose group were statistically
significantly higher than the control group (p<0.001, p<0.001, p<0.001, respectively).

4. DISCUSSION

Changes in the living conditions and eating habits lead to more fructose intake due to
the preference of ready-to-eat foods, hence increased calories through daily diet. Different
carbohydrate types such as fructose, fructose-corn syrup and sucrose abounding in processed
and packaged, ready-to-eat foods and beverages, can cause metabolic dysfunctions associated
with chronic diseases due to high-energy contents and differences in their metabolisms
[14,15]. In this study, we investigated the effect of 30% fructose added to drinking water on

both liver and kidney tissues as well as on the liver enzyme profile.
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Due to its roles in protein synthesis, carbohydrate and lipid metabolisms and being the
main organ responsible for fructose metabolism, liver has an important place in xenobiotic
metabolism and it is the organ affected at most by the metabolic changes and damaged first.
For this reason, loss of liver function is vital for the human beings [16]. Both clinical and
experimental studies in the literature reported that liver function markers such as serum AST,
ALT and ALP had the tendency to increase in obesity and non-alcoholic liver steatosis
[17,18,19]. In this study too, we observed a statistically significant increase in the serum
levels of AST, ALT and ALP of the fructose-fed group compared to the control group.
Masterjohn et al. [20] reported plasma ALT and AST activities were elevated in comparison
to the control group in high fructose-fed mice. In another study, high fructose-fed rats
displayed higher levels of plasma ALT and AST activities than the control group [21]. There
are studies in the literature reporting similar results as ours as well as those with opposite
results. Ackerman et al. [22] showed that there was no change in ALT and AST levels of rats
fed a diet containing 60% fructose for 5 weeks. Various mechanisms and different mediators
are mentioned in fructose-induced renal damage. BUN and uric acid are metabolic waste
products that are excreted from the kidneys. In this study, we observed a statistically
significant increase in the serum levels of BUN and uric acid of the fructose-fed group
compared to the control group. When designing this study, we knew that fructose caused liver
and kidney diseases. But the primary factor initiating and developing disease process was the
real question that shoud be answered. Oxidative stress and inflammation are the issues
discussed at most. In our study, by means of both kidney and liver tissues, we tried to
determine how strong was the effect of fructose on inflammation. Cytokines are molecules
having roles in various biological processes such as inflammation, apoptosis, necrosis, and
fibrosis [23]. They are usually released from lymphocytes and monocytes and are effective in
intercellular communication and modulation of the immune response. By inhibiting apoptosis
during the inflammatory process, IL-6 triggers events that develop chronic disease
progression [24].

The release of IL-6 is induced by interleukin-1 (IL-1) and TNF-a, and IL-6 displays
synergistic effects with these cytokines. The best defined effects of IL-6 are on hepatocytes
and B lymphocytes and cause hepatocytes to synthesize many plasma proteins that contribute
to the acute phase response. IL-6 was also reported to be associated with signal transduction
pathways and expected to increase in hepatic cirrhosis and liver cancer due to regeneration
[25]. Yang et al. [26] examined renal tissues of high fructose-fed rats and reported that

fructose reduced kidney weight, led to renal tubular damage, and increased TNF-a and IL-6
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levels significantly. In our study too, there was a statistically significant increase in TNF-a
and IL-6 levels in both liver and kidney tissues compared to the control group. Gersch et al.
[27] reported that a high-fructose diet might induce inflammation, because fructose
accelerated renal disease in association with an increase in monocyte-macrophage infiltration.
The increase in adipose tissue due to high fructose consumption is one of the most important
causes of the secretion of inflammatory cytokines in the systemic circulation. Adipose tissue
dysfunction can impair energy consumption, primarily inflammatory cytokines and insulin
signaling [28,29]. Both human and rat studies in the literature stated that high fructose diet
caused increase in visceral adiposity, and as a response to that, inflammatory cytokines
increased and organ-related morphological and functional changes were observed [30,31].

In the literature, TNF-a was reported to induce NF-«B activation, which leads to an
increase in proinflammatory cytokines through various mechanisms, resulting in an increase
in TNF-a release and consequently development of hepatosteatosis and insulin resistance
[32,33]. In our study, levels of NF-kB, a transcription factor involved in the expression of
cytokines that cause proinflammatory cytokine elevation, were measured in both liver and
kidney tissues. The liver and kidney NF-«kB levels of the group with fructose added to
drinking water were significantly higher than the control group. In the study by Velickovi¢ et
al., [34] high fructose diet was reported to increase NF-xB and TNFa levels in the liver. In
another study by Zheng et al., [35] excessive fructose consumption caused inflammation by
increasing fatty acid biosynthesis and fat accumulation in the liver. Vasiljevi¢ et al. [36]
reported increased levels of hepatic TNF-o and NF-xB in high fructose-fed rats for 9 weeks
and stated that high fructose contributed to the development of NF-kB-mediated
inflammation. NF-«B is one of the key regulators in inflammatory processes and stimulates
the sythesis of TNF-a, IL-6 and adipokine, which increase in inflammation [37,38]. We can
say that fructose-induced chronic inflammation leads to the activation of NF-kB, which
stimulates the release of proinflammatory cytokines as a result of cell damage in liver and
kidney tissues due to excessive fructose consumption [39].

5. CONCLUSION
In conclusion, in this study investigating the effects of high fructose administration on the
liver and kidney, we determined that fructose increased inflammation by regulating the TNF-

a and IL-6 signaling pathway as a result of NF-kB activation.
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Table 1. Serum biochemical parameters of the groups

Control Fructose
AST (U/L) 45,00+£15,15* 150,00+20,50°
ALT (U/L) 34,00+12,50° 172,00+23,34
ALP (U/L) 120,45422,35" 269,35+40,85
BUN (mg/dL) 16,45+3,12° 58,35+5,22°
Uric acid (mg/dL) 4.20+0,80" 17,34+4,62°

Data were given as mean +SD.

AST : Aspartate aminotransferase, ALT : Alanine aminotransferase, ALP: Alkaline phosphatase,
BUN: Blood Urea Nitrogen

"Different superscripts within the same columns differ, (p<0.001)

Table 2. Tissue biochemical parameters of the groups

Groups TNF-a IL-6 NF-xB
Liver Control 1160,75+476,33" 1,0340,26 0,89+0,28°

Fructose 3510,64+400,37° 1,7540,32°¢ 2,6240,57°
Kidney Control 203,08+26,54" 0,16+0,06" 0,36+0,08"

Fructose 528,59+101,43" 0,37+0,10° 0,81+0,20°

Data were given as mean +SD.
TNF-a: Tumor necrosis factor alpha, IL-6: Interleukin-6, NF-xB: Nuclear factor kappa B

*Significantly different when compared with control group, (p<0.001)
*Significantly different when compared with control group, (p<0.05)
‘Significantly different when compared with control group, (p<0.01)
Highlights
¢ Fructose fed diet causes a potentially fatal hepatotoxicity and nephrotoxicity

e Levels of NF-«xB, a transcription factor involved in the expression of cytokines that
cause proinflammatory cytokine elevation, were measured in both liver and kidney
tissues.

¢ Fructose increased inflammation by regulating the TNF-a and IL-6 signaling pathway
as a result of NF-kB activation.
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