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Abstract

Background: High dietary intake of fructose is an important nutritional factor in the development of
metabolic syndrome (MetS) and its associated complications. Consumption of coffee, functional

foods such as vegetables and fruits are believed to have protective effects against MetS.

Objective: The main objective of the present study was to investigate the effect of coffee on body
weight, serum glucose, uric acid and lipid profile levels in male albino Wistar rats feeding on high

fructose diet.

Methodology: A post-test experimental study was conducted on a total of 30 (9-10 weeks old) male
albino Wistar rats. The rats were divided into 6 groups: group | (normal control)-fed on standard chow
and plain tap water only; group Il (fructose control)-fed on standard chow and 20% of fructose
solution; group 111-V1 (treatment groups)-fed on standard chow, 20% of fructose solution and treated
with 71, 142, 213 and 284mg/kg body weight/day of coffee respectively for six weeks. At the end,
diet consumption, body weight, serum glucose, uric acid and lipid profile levels were investigated.
Data was entered by Epi-data v. 3.1 and analyzed by one way ANOVA followed by Tukey post hoc
multiple comparison tests using SPSS V. 23.00. Statistical significance was considered at p < 0.05.

Results: Body weight, fasting serum glucose and uric acid levels significantly lowered in rats treated
with 213 (p = 0.047; 0.049; 0.026) and 284 (p = 0.035; 0.029; 0.010) mg/kg body weight/day of coffee
compared to fructose control group. Fasting serum triglycide (TG) and low density lipoprotein (LDL-
C) levels showed significant reduction in rats treated with 284mg/kg body weight/day of coffee as
compared to fructose control group (p = 0.031; 0.046) respectively. Statistically significant difference
was not found in fasting serum levels of TC and HDL-C between coffee treatment groups and fructose
control group (p > 0.05). Body weight was positively correlated with serum glucose (r = 0.546, p =
0.002), uric acid (r =0.560, p=0.001), TC (r =0.435, p =0.016), LDL-C (r =0.473, p =0.008) and
TG (r =0.344, p =0.063) levels and negatively correlated with HDL-C level (r = - 0.216, p = 0.253).

Conclusion: Treating rats with coffee decreased body weight, fasting serum glucose, uric acid, TC,
TG and LDL-C, and increased HDL-C in a dose dependent manner in rats feeding on high fructose

diet, suggesting that coffee consumption may be helpful in ameliorating metabolic syndrome.

Key words: Body weight, Coffee, Glucose, High-fructose diet, Lipid profiles, Uric acid



1. Introduction

1.1. Background

Fructose is a ketohexose monosaccharide, composed of six carbon atoms in simple covalent bonds,
with a carbonyl group at the end of the chain (molecular formula, CsH120s), (Samuel, 2011). Sugar
in the form of sucrose or high-fructose corn syrup, both of which are composed of nearly equal
amounts of glucose and fructose, is added to numerous manufactured food products (Kit et al.,
2013). Fructose has been claimed to be of health benefit, because it may aid glycemic control, but
also has been claimed to be more harmful than other sugars (Kolderup and Svihus, 2015). Since
fructose is less able to promote satiety and is more palatable, it will stimulate a higher consumption
of food and alter the metabolism of lipids and carbohydrates thereby favoring the synthesis and
accumulation of fat (Stanhope, 2016; Johnson et al., 2007). There is a growing body of evidence
in both animal models and human studies suggesting that high dietary intake of fructose is an
important nutritional factor in the development of metabolic syndrome (MetS) and its associated
complications (Miller and Adeli, 2008).

Metabolic syndrome is a cluster of related metabolic abnormalities such as central obesity,
hypertension, dyslipidemia, hyperglycemia and insulin resistance, and is associated with increased
risk of type 2 diabetes mellitus (T2DM) and coronary heart disease (Srikanthan et al., 2016;
Suwannaphet et al., 2010). The World Health Organization (WHO) estimates that more than half
of a billion adults worldwide are classified as obese (Mendis, 2015) and the global prevalence of
the MetS ranges from <10% to 84% between populations (Desroches & Lamarche, 2007). Lifestyle
factors associated with an increased risk of MetS include a diet with a high refined grains, especially
fructose, meat, and fried foods; low diet quality, i.e. high fat, low dietary fiber and vitamins and
smoking (Srikanthan et al., 2016; Takami et al., 2013).

Consumption of coffee, functional foods such as vegetables, fruits and high levels of leisure-time
physical activities are believed to have protective effects against MetS. Coffee is a sort of soft
beverage prepared from dried and roasted seeds of coffee and consumed worldwide (Zhang et al.,
2016; Bakuradze et al., 2014). The history of coffee began in 800 years A.D. in the Ethiopian
highlands with the legend of Kaldi, the goat herder (Whayne, 2015).
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There are hundreds of different species of coffee, however, commercial production mainly exploits
the seeds of Coffea arabica (Arabica coffee), which represent about 70% of the world market, and
Coffea canephora (Robusta coffee), which has a more bitter taste than arabica coffee, is used
principally for instant and espresso coffee (Salomone et al., 2017). Coffee contains a multitude of
substances, many of which are potentially biologically active. Although the main physiologic
effects resulting from its consumption are usually ascribed to the presence of caffeine, coffee is
also an extremely rich source of chlorogenic acids (CGA), melanoidins and diterpenes (Akash et
al., 2014; Chen et al., 2011).

Coffee has several preparation methods, which significantly affect aroma, flavor and composition
of coffee brews. Many of the coffee compounds are formed during the roasting process, which
produce the unique taste and smell of coffee (Parliament and Stahl, 2005). On the other hand, the
roasting process may cause degradation of many of other compounds, such as antioxidant
polyphenols. Based on the brewing process, three main types of coffee can be distinguished: (i)
boiled unfiltered coffee, (ii) filtered coffee and (iii) decaffeinated coffee (DC). Each of this type of
coffee is related to specific granulation of coffee powder, water/coffee ratio, temperature and
brewing time (Godos et al., 2014).

The numerous beneficial health effects of coffee consumption have received significant scientific
attention over past few decades. The results of epidemiological and experimental studies suggest
that drinking coffee regularly helps prevent several chronic diseases such as cardiovascular disease,
T2DM, cancer, Parkinson disease, reproductive and inflammatory conditions (Penafort et al., 2016;
Pourshahidi et al., 2016; Henry-Vitrac et al., 2010).

In general, worldwide, MetS has been diagnosed using several different sets of criteria such as
those of the National Cholesterol Education Program Adult Treatment Panel 111 (NCEP ATP I1II)
and the International Diabetes Federation (IDF). These definitions differ somewhat in terms of the
prerequisite components and the cut-off levels used for each component (Takami, 2013). A
progressive condition of MetS that encompasses a wide array of disorders with specific metabolic
abnormalities presenting at different times can be detected and monitored via serum biomarkers
(Srikanthan et al., 2016). Therefore, the present study was aimed at investigating the effects of
coffee on body weight and serum biomarkers of metabolic syndromes such as glucose, uric acid

and lipid profile levels in high fructose diet feeding male albino Wistar rats.



1.2. Literature review

1.2.1. Overview of fructose metabolism

Fructose is a monosaccharide having the same chemical formula as glucose (CeH1206), but its
metabolism differs markedly from that of glucose due to its almost complete hepatic extraction and
rapid hepatic conversion into glucose, glycogen, lactate, and fat (Nehal et al., 2016; Samuel, 2011).
Fructose is up taken to cells via a transporter called GLUT5 and GLUT2 (to smaller extent) which
accepts fructose to the liver cells. Whereas, glucose is up taken to most of the cells in the body for
metabolism. It uses different types of transporters to be distributed to corresponding cells: GLUT1
(to all cells), GLUT?2 (to gut, liver and pancreas), GLUT3 (to central nervous system and brain)
and GLUT4 (to cells that need insulin such as skeletal muscles, fatty tissues and heart),
(Jegatheesan and Bandt, 2017; Dourd and Ferraris, 2008).

In the liver, fructose is preferentially converted into fructose-1-phosphate (F1P) by fructokinase.
Thereafter, phosphotrioses (dihydroxyacetone phosphate and glyceraldehyde-3-phosphate)
produced from F1P through the action of aldolase B can be converted into glucose, lactate, and
fatty acids (Tappy and Le, 2010; Ouyang et al., 2008). Fructokinase, which is induced by fructose,
has a high affinity for fructose and is not controlled by insulin. Glucose metabolism depends on
rate-limiting enzyme, phosphofructokinase, which is inhibited by adenosine monophosphate
(AMP) and citrate, and limits the accumulation of carbon-rich intermediates entering Krebs cycle
(Samuel, 2011; Tappy and L&, 2010).

1.2.2. Metabolic effects of fructose

Feeding animals on large amounts of fructose can rapidly produce multiple features of the
metabolic syndromes, including obesity, dyslipidemia, fatty liver, hypertension, insulin resistance,
and diabetes (Sarah et al., 2018; Yeh et al., 2014). For instance, feeding fructose to rats causes

rapid development of the metabolic syndrome (Nakagawa et al., 2005).



1.2.2.1. Effects of fructose on appetite and body weight

Fructose is the sweetest sugar, and generally enhances food palatability that may increase feeding
behavior and encourage overeating (Avena, 2007). Fructose and sucrose can enhance food
palatability and induce addiction-like behaviors such as binging and dependence in part by
stimulating dopaminergic pathways (Tellez, 2016; Lane and Cha, 2009). Moreover, ingestion of
fructose also decreases postprandial glucose levels and this lowers insulin and leptin levels, thereby
predisposing the individual to eat continuously (Nakagawa, et al., 2005; Teff et al., 2004).
Overconsumptions of sugar sweetened beverages and fructose are consistently associated with
increased adiposity, which may attribute to increased caloric intake and body weight gain (Avena,
2007). Some studies in humans also documented that, a reduction in resting energy expenditure
occurs in overweight and obese subjects fed fructose, but not glucose (Bawden et al., 2012; Cox et
al., 2012).

1.2.2.2. Effects of fructose on lipid homeostasis

Excessive fructose consumption markedly enhances triglyceride synthesis, which increases
intramyocellular TG content in the skeletal muscle and stimulates hepatic de novo lipogenesis
(DNL) causing insulin resistance (Maarman et al., 2016; Nakagawa, et al., 2005). While the
lipogenic pathway is quantitatively minor in physiological situations, it becomes very active
immediately after an acute fructose load (Softic et al., 2016; Hudgins et al., 2011). The flux of
fructose carbons into lipogenic precursors increases as the formation of F1P bypasses the glycolysis
regulatory site of phosphofructokinase 1. This leads to an accumulation of glycolytic intermediates
that can be converted to glycerol-3-phosphate and acetyl-CoA, which are used in TG synthesis
(Jegatheesan and Bandt, 2017).

In addition to providing substrates for lipogenesis, chronic fructose consumption increases DNL
by activating key transcription factors such as sterol regulatory element—binding protein 1c
(SREBP1c) and carbohydrate responsive element-binding protein (ChREBP). SREBP1c promotes
lipid synthesis and is regulated by nutrients and hormones, especially insulin. Chronic fructose
ingestion can lead to hyperinsulinemia, which may increase hepatic SREBP1c expression and
activation (Herman and Samuel, 2016; Li et al., 2010). Fructose may also activate SREBP1c

independently of insulin (Koo et al., 2009).



ChREBP couples carbohydrate metabolites to lipid synthesis by inducing enzymes required for
DNL. Itis highly expressed in key metabolic tissues, including liver, adipose tissue, small intestine,
pancreatic islets and kidney, where it regulates carbohydrate metabolism in an insulin-independent
manner (Boergesen et al., 2011; Uyeda and Repa, 2006). Moreover, malonyl-CoA, generated via
DNL, limits fatty acid oxidation by inhibiting carnitine palmitoyltransferase 1A (CPT1A), the
enzyme required for translocation of fatty acids into the mitochondria (McGarry, 2002).

1.2.2.3. Effects of fructose on glucose homeostasis

Fructose does not directly stimulate pancreatic $-cells insulin secretion. However, high-fructose
feeding readily induces hyperinsulinemia in animal models (Adams et al., 2008). Similarly,
hypercaloric fructose feeding increases circulating insulin in human subjects. Fructose-induced
hyperinsulinemia, often considered a proxy for insulin resistance, might be the result of insulin
resistance in some combination of liver, muscle, and/or adipose tissue, which directly causes
hyperglycemia (Ter et al., 2016). The mechanisms by which high-fructose feeding causes

hyperinsulinemia and insulin resistance remain uncertain.

1.2.2.4. Effects of fructose on uric acid homeostasis

Fructose intake, particularly in the form of high fructose corn syrup has paralleled the rise in
metabolic syndrome and hyperuricemia. Hyperuricemia may occur as a consequence of rapid
fructose entry from portal blood into the liver, where it will reduce the total adenosine nucleotide
(TAN) pool in liver cells (Buul et al., 2014). Once absorbed into the cell, unregulated
phosphorylation of fructose by fructokinase leads to local ATP depletion and increased AMP
production, which in turn increases uric acid formation via purine degradation pathway (Vieira et
al., 2015; Johnson et al., 2009).

Uric acid is commonly associated with gout, an inflammatory condition, metabolic syndrome,
including hypertension and diabetes. Proposed mechanisms of uric acid mediated metabolic
syndrome include the inhibition of endothelial nitric oxide (NO) synthase leading to hypertension;
inflammation and oxidative stress in adipocytes leading to insulin resistance; and increased

endothelial and smooth muscle oxidative stress (Wang et al., 2012; Zhu and Pandya, 2011).



1.2.3. Ingredients of coffee and their mechanisms of action

1.2.3.1. Caffeine

Caffeine (1, 3, 7-trimethylxanthine) is a purine-like alkaloid with diverse biological actions and is
the most commonly consumed psychoactive substance in the world (Popoli and Pepponi, 2012). It
is also a potent stimulant and bronchodilator (O’Keefe et al., 2013). It is naturally found in more
than 60 plants, including coffee beans, tea leaves, cola nuts and cocoa pods. Coffee accounts for
almost all (80.6%) of the caffeine that adults consume. Tea and soft drinks account for 12.3% and
5.9% respectively (Messina et al., 2015). As literature indicates, the caffeine content of coffee
varies according to its preparation (filtration, percolation, boiling, instant, espresso, etc.), which
can differ in various parts of the world and as a result, the caffeine content in a cup of coffee varies

considerably (Penafort et al., 2016).

The caffeine molecule is structurally similar to adenosine (fig.1), which is an endogenous
neurotransmitter with mostly inhibitory effects in the central nervous system (CNS) when acting
through high-affinity adenosine (Al) receptors. In general, adenosine inhibits adenylyl cyclase via
Al receptors and stimulates adenylyl cyclase via low-affinity (A2) receptors (Godos et al., 2014).
Caffeine exerts its pharmacological effects primarily by acting as a competitive antagonist of
adenosine-receptor in the cerebral cortex, peripheral blood, kidneys, heart, gastrointestinal and

respiratory tracts, and enhances neuronal activity (Penafort et al., 2016).

N C
N ‘\/ ™~ / e
V4 '
\ N
HHC. 9 OH OH
Caffeine Adencsine

Figure 1. Chemical structure of caffeine and adenosine.



Caffeine crosses the blood-brain barrier easily, so that it produces stimulant effect on the CNS
(Cakir et al, 2017; Popoli and Pepponi, 2012). Another effect of caffeine is the sympathetic
stimulation, leading to a modest increase in blood pressure and lipolysis (Penafort et al., 2016).
Caffeine is also known to inhibit gamma-aminobutyric acid (GABA) receptor signaling (Ribeiro
and Sebastiao, 2010), and phosphodiesterase activity, preventing the breakdown of cAMP and
stimulating lipolysis in fat cells (Gomes et al., 2013).

1. 2.3.2. Polyphenols

Coffee contains a complex mixture of polyphenols. Caffeic acid and its quinic acid-ester
derivatives, chlorogenic acids (CGAS), are the major polyphenols in coffee. A typical cup of coffee
can contain 70-300mg of CGAs (Zhao et al., 2012). In general, polyphenols have well-studied
antioxidant activities in vitro (Wang and Ho, 2009). Chlorogenic acids reportedly benefit biological
pathways related to risk of cognitive decline and dementia, including hypertension, inflammatory

signaling, insulin signaling and glucose metabolism (Zhao et al., 2012).

It has been hypothesized that CGAs can protect against T2DM through its specific competitive
inhibition of the glucose-6-phosphate translocase in rat liver microsomes. Glucose-6-phosphate
translocase is an enzyme that catalyzes the terminal reactions in both glycogenolysis and
gluconeogenesis, thus, it is highly involved in the regulation of homeostasis and blood glucose
levels (Godos et al., 2014). It has also been reported that CGA activates adenosine monophosphate-
activated protein kinase, a sensor and regulator of cellular energy balance, leading to beneficial
metabolic effects such as suppression of hepatic glucose production and fatty acid synthesis (Ong
etal., 2013).

Another proposed mechanism by which CGAs protect against diabetes mellitus is by inhibition of
intestinal glucose absorption. Studies conducted on animals have shown that CGAs have reduced
sodium-dependent glucose transport in brush border membrane vesicles isolated from rat small
intestine. CGASs have also been reported to reduce intestinal absorption of glucose by inhibition of
a-amylase (Narita & Inouye, 2009) and a-glucosidase activitities (Adisakwattana et al., 2009;
Ishikawa et al., 2007).



1.2.3.3. Melanoidins and diterpenes

Melanoidins are formed as the final products of a non-enzymatic reaction between amino acids and
reducing sugars that naturally occur in coffee beans and give coffee desirable flavor (Godos et al.,
2014). Melanoidins can vary in content and bioactivity depending on the beans, roasting conditions,
and decaffeination procedures (Chen et al., 2011). There is a wide evidence of the potential
antioxidant and anti-inflammatory activity of melanoidins both in vitro and in vivo, despite the
results are not univocal. The mechanism of the antioxidant action of coffee melanoidins is still
unclear, but assumed to be based on their radical scavenging activity and/or their metal chelating
capacity (Godos et al., 2014).

The two primary diterpenes in coffee are kahweol and cafestol, which reside in the lipid fraction
(Cano-Marquina et al., 2013). Diterpenes can increase serum cholesterol depending on how coffee
is prepared. Boiled coffee has higher concentrations, because diterpenes are extracted from the
coffee beans by prolonged contact with hot water. By comparison, brewed/filtered coffee has a
much lower concentrations of cafestol and kahweol (O’Keefe et al., 2013). Contents of major

ingredients in coffee beans and beverages are summarized in table 1 below.

Table 1. Contents of major ingredients in coffee beans and beverages.

Caffeine Cafestol Kahweol Melanoidins  Chlorogenic
acids

Greenbean  3.85-4.29 mg/g 45-190 mg/kg 40-90 mg/kg  None 0.8-11.9%
Roasted 4.73-9.44mglg  0.3-0.7% 0.1-0.3% 7.29/100g Loss of
bean (arabica) (Arabica) 60.9-98%
Espereso 97-330 0.06-0.17 0.09-0.18 116 160-185
(mg/50 mL)
Filtered No data 0.02 0.02 270 165-285
(mg/150mL)

Adapted from Godos et al. (2014).



1.2.4. Studies on health effects of coffee

Since coffee is one of the most commonly consumed beverages in the world, its beneficial effects
on human health have been a subject of many studies (Tanaka et al., 2009). To date, numerous in
vitro and in vivo studies, together with epidemiological and human trials have suggested beneficial
health effects of coffee. Acute or habitual coffee consumption may reduce the risk of mortality,
cardiovascular disease, T2DM, obesity, liver disease, cancer and a number of degenerative diseases
such as Alzheimer's and Parkinson's (Cano-Marquina et al., 2013; Higdon and Frei, 2006). The
probable mechanisms involved in prevention of T2DM by coffee consumption are shown in fig. 2

below.
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Insulm mediated glucose uptake
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Figure 2. The probable mechanisms by which coffee consumption prevents T2DM. Adapted from
Akash et al. (2014).



Coffee (caffeine) may cause weight loss by increasing physical activity. Caffeine has been found
to increase motor activity in rodents at doses between 3 and 30 mg/kg body weight and to reduce
motor activity at higher doses. Evidences from human subjects also indicate that ingestion of
caffeine improves exercise performance, which could lead them to increase their level of physical
activity (Greenberg et al., 2006). On the other hand, experimental study conducted to investigate
the effects of coffee on dietary intake and appetite in normal-weight and overweight/obese
individuals revealed no effect of coffee in normal weight individuals. However, coffee was found

to significantly reduce energy intake in overweight/obese individuals (Gavrieli et al., 2013).

An experimental study conducted on male albino rats showed that rats fed different preparations
of Turkish, Arabian and instant coffee had significantly smaller weight gain than control group.
Group fed instant coffee lost considerable amount of body weight. Turkish coffee dark roasting
was found to reduce serum TG, TC, LDL-C, VLDL-C, and total lipids (TL), whereas elevate HDL-
C concentration significantly (p < 0.05), (Ismail et al., 2015). Another experimental study
conducted on golden hamsters fed on high fat diet showed that eight weeks treatment with CGA
has significantly lowered the levels of fasting serum TG, free fatty acid (FFA), TC, LDL-C, HDL-
C, glucose and insulin. CGA also led to higher activity of hepatic lipase, lower contents of TG and
FFA in liver, and lower activity of lipoprotein lipase in skeletal muscle (Li et al., 2009). However,
the experimental study conducted on rats fed diet supplemented with low or high dose of coffee
reported significant elevation of serum TL, TC, TG and LDL-C, while a significant decrease of
HDL-C (Hanaa and Fattah, 2008).

In an experimental study conducted to investigate the effect of coffee on uric acid level, drinking
of 2 cups of coffee/day in humans, which is equivalent to 0.72 mL/day in experimental rats, was
able to decrease uric acid level as much as 15% in mice with hyperuricemia (Lelyana et al., 2015).
Similar consecutive experimental study also reported that daily feeding of coffee (0.72
mL/200g/day) for 14 days decreased uric acid level in high carbohydrate fed obese Wistar rat
models. It was also shown that coffee has anti-obesity activity and preventive action against
metabolic syndrome diseases (Lelyana, 2016).
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Another study conducted on human subjects showed that coffee consumption was significantly and
inversely associated with fasting glucose, two-hour plasma glucose, and fasting insulin in both men
and women (Bidel et al., 2006). Cross-sectional studies indicate that coffee consumers have lower
body mass index (BMI) compared to individuals who do not consume coffee. Epidemiological
evidence also indicates a negative association between coffee and/or caffeine consumption and
body weight gain in the long term (Odegaard et al., 2008; Wu et al., 2008).

In addition, a cross-sectional study conducted on human subjects in Japan reported that greater
coffee consumption was associated with a significantly lower prevalence of metabolic syndrome,
as defined by NCEP ATP III criteria (p = 0.03). The study results also showed participants who
drank more coffee had a lower odds ratio (OR) for high serum triglycerides (p = 0.02), but not for
increased waist circumference or high blood pressure. Moderate coffee consumption (1.5 to <3
cups/day) was associated with a significantly lower OR for high plasma glucose (Takami et al.,
2013).

Moreover, study conducted to evaluate the effect of coffee indicated that regular coffee
consumption is associated with beneficial health effects, including maintenance of DNA integrity,
regulation of satiety, reductions of energy intake and increase of body fat catabolism (Bakuradze
et al., 2014). A cross-sectional study conducted among Polish arm also showed that high coffee
drinkers had lower BMI, waist circumference, systolic and diastolic blood pressure, TG and higher
HDL-C than those drinking less than 1cup/day (Grosso et al., 2015).

In general, the relationship between coffee consumption and MetS has not yet been well-
investigated, and results of previous epidemiological studies are contrasting. Several studies
conducted on Japanese population and Southern European region (Mediterranean area) showed
that coffee consumption was inversely associated with MetS. On the other hand, studies conducted
in central and north European countries reported no relation between coffee consumption and the
development of MetS or its components (Grosso et al., 2015). Further mover, to the best of our
knowledge, most of the studies conducted so far to investigate the effect of coffee on metabolic
syndromes were based on obese rat models. Therefore, the present study was aimed at investigating
the protective effects of coffee against metabolic syndromes by exploring its effects on body
weight, serum glucose, uric acid and lipid profile levels in high fructose diet feeding male albino

Wistar rats.
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1.3. Statement of the problem

The prevalence of MetS has been dramatically increasing worldwide due to a modern lifestyle and
an increase in the consumption of high-sugar diets, especially fructose (Suwannaphet et al., 2010).
The IDF estimates that 25% of the world’s adult population is affected by MetS (Zimmet, 2010).
Consumption of sugar sweetened beverages and processed foods, which has been associated with
the prevalence of diet-induced obesity and T2DM, has increased in the last decade in developed
countries and on the rise in developing countries, particularly in the African continent (Maarman
et al., 2016). As reviewed by researchers, over the last decade, the life style of the Ethiopian
population is changing due to urbanization and demographic transition (Alemseged et al., 2012).
Urbanization brings about increases in consumption of refined sugars and animal fats, usually

coupled with a more sedentary lifestyle, which promote obesity (Tebekaw et al., 2014).

Recent research findings indicated that metabolic syndrome induced by fructose feeding in rats is
correlated to hyperglycemia, dyslipidemia and insulin resistance (Shahraki et al., 2017). Experts
agree that the best way forward MetS is to focus not on treatment but rather on prevention,
specifically on obesity prevention (Tufion-Pablos and Dreby, 2016). A protective effect is
attributable, at least in part, to the contents of plant-derived foods and bioactive phytochemicals in
the diet (Grosso et al., 2015). The numerous beneficial health effects of coffee consumption have
received significant scientific attention, because the results of epidemiological and experimental
studies suggest that drinking coffee regularly helps prevent several chronic diseases, especially
metabolic disorders, such as T2DM (Henry-Vitrac et al., 2010).
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1.4. Significance of the study

In Ethiopia, there is a lack of information about the effects of coffee on health problems, including
metabolic syndrome in both human subjects and animal models. But high fructose diet intake is
recently increasing mainly due to the consumption of processed foods and soft drinks in which
fructose is added as sweetener. Therefore, the present study is expected to provide an important
information on the protective effect of coffee against metabolic syndrome. In addition , the findings
of the study will provide a base line data for further researches in the future. Moreover, it will also

be helpful in pointing out the research gap regarding to the effects of coffee on health.

1.5. Hypothesis of the study
Alternative hypothesis (HA): Coffee has a decreasing effects on body weight, serum glucose, uric

acid and lipid profile levels in high fructose diet feeding male albino Wistar rats.
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2. Objective

2.1. General objective

e Toinvestigate the effect of coffee on body weight, serum glucose, uric acid and lipid profile

levels in male albino Wistar rats feeding on high-fructose diet.

2.2. Specific objectives
= To assess the effect of coffee on body weight of the rats.
= To determine the effect of coffee on serum glucose level of the rats.
» To evaluate the effect of coffee on serum uric acid level of the rats.
= To determine the effect of coffee on serum lipid profile levels of the rats.

= To correlate serum glucose, uric acid and lipid profile levels with body weight of the rats.
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3. Methods and materials

3.1. Study area

The study was carried out at Biochemistry Department Laboratory, Addis Ababa University, Addis
Ababa, Ethiopia.

3.2. Study period and duration
The study was undertaken for a period of 6 months from July 2017 to January 2018.

3.3. Study design

A post-test experimental study was conducted on rat model in order to investigate the effect coffee
on body weight, fasting serum glucose, uric acid and lipid profile levels.

3.4. Study variables

(A) Independent variable

v' Coffee administration
(B) Dependent variables
v Food and liquid consumption
v" Body weight
v" Serum glucose, uric acid and lipid profile levels.

3.5. Sample size determination

Sample size determination was based on WHO standard, which recommends that each treatment
group of experimental animal should be at least 5 animals (Lelyana, 2016). The study was

conducted on 6 groups of rats. Therefore, the total sample size was 6 groups x 5 rats= 30 rats.

3.6. Inclusion and Exclusion criteria

3.6.1. Inclusion criteria
v Age (9-10 weeks old), normal body weight (< 250g) and physically normal rats.
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3.6.2. Exclusion criteria
Rats suffering from diarrhea, or any physical abnormality before treatment were excluded from the

experiment.

3.7. Acute oral toxicity test

The acute oral toxicity (limit) test was conducted on 5 animals. Test doses of coffee were
calculated in relation to the body weight of every fasted animal and administered via oral gavage
at 2000mg/kg body weight/day (OECD, 2016).The animals were regularly and individually
observed for behavioral changes and general toxicity signs after dosing for the first 24 h, with
special attention being given during the first 4 h. Thereafter, observation was continued daily for a
total of 14 days. No sign of toxicity or mortality was observed within 24h and over two weeks

respectively.

3.8. Experimental animals

A total of 30 male albino Wistar rats of 6-7 weeks were obtained from Addis Ababa University,
department of Pharmacology. The experimental rats were placed in a plastic cage with stainless
steel cover (5-rats/cage) and housed in animal laboratory with optimum temperature (24+1 °C),
relative humidity, optimum ventilation and 12-hour light-dark cycle. They were standardized for
their feeding behavior and observed continuously for three weeks. The cages were kept clean
throughout the experiment. Until the initiation of the experiment, all rats were provided with free
access to standard chow and plain tap water. Female rats were excluded from the study because of
their cyclic hormonal variations that can affect the biochemical levels.
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3.9. Experimental protocol

When the rats became 9-10 weeks old (adult), they were randomly assigned into six groups. Each
rat in the given group was identified by giving a number on its tail by permanent marker. Prior to
the initiation of experiment, their body weight was measured by triple beam balance and ranged
from 2059 to 245g, with mean value of 225.4+11.5g. Then the rats were grouped and treated as

follows:
Group I (Normal control group): fed on standard chow and plain tap water only.
Group Il (Fructose control group): fed on standard chow and 20% (w/v) of fructose solution

Group Il (Treatment group): fed on standard chow and 20% (w/v) of fructose solution, and
treated with 71mg/kg BW/day of coffee.

Group IV (Treatment group): fed on standard chow and 20% (w/v) of fructose solution, and
treated with 142mg/kg BW/day of coffee.

Group V (Treatment group): fed on standard chow and 20% (w/v) of fructose solution, and
treated with 213mg/kg BW/day of coffee.

Group VI (Treatment group): fed on standard chow and 20% (w/v) of fructose solution, and

treated with 284mg/kg BW/day of coffee.

3.10. Preparation of fructose solution and coffee

3.10.1. Preparation of fructose solution

Fructose used in this experiment was pure crystalline, SIGMA-ALDRICH, USA, purchased from
India. Twenty percent (20%, W/V) of fructose solution (He et al., 2017) was prepared on daily
basis (appendix-I1) and substituted for tap water in five groups of the rats (group Il to group VI).

The net consumption of each group was recorded in mL/day.
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3.10.2. Preparation of coffee and dosage calculation

Coffee used as a treatment in the present study was Coffea arabica (TO.MO.CA Coffee packet),
purchased from coffee shop in Addis Ababa. TO.MO.CA is an abbreviated name of the company,
which stands for Torrefazione Moderna Cafe (ltalian), translated directly as modern coffee
roasting. Taking into account the coffee brewing process in Ethiopia, boiled, unfiltered coffee was
prepared following the instruction written on the packet (by adding 10g of coffee powder into
180mL of hot water (appendix-1). To estimate the amount of dissolved coffee powder, indirect
method of measurement was used (the residue of the coffee powder was measured and subtracted
from the total added powder). Accordingly, the volume of the coffee solution after boiling and
decantation was 120mL. The amount of undissolved air-dried residue of coffee powder was 5.2g,

so the dissolved amount was calculated as 10g-5.29 =4.8g.

The volume of 1 cup of coffee was as recently used by Lelyana (2016) and Lelyana et al. (2015),
(0.36mL/200g body weight/day) in rats, which is equivalent 125mL/70kg body weight/day of
coffee in humans. In our study, the average body weight (BW) of the experimental rats was 225g.

Therefore, the volume of coffee was extrapolated as follows:
125mL = 70,000g X = (225mL*2259)/70,000g
X =225¢ X =0.4mL

Combining the above assumptions, the approximate amount coffee powder in 0.40mL of boiled

coffee was calculated as follows:
4800mg (4.8g) = 120mL X = (4800mg*0.4mL)/120mL
x =0.4mL X =16mg

Accordingly, 16mg/225g BW/day of coffee was considered as a single dose of coffee. Similarly,
0.8, 1.2 and 1.6mL/225g BW/day (32mg, 48mg and 64mg/225g BW/day) were considered as a
double, triple and quadruple doses of coffee. For the seek convenience, these doses were converted
to standard unit (mg/kg) as 71,142,213 and 284mg/kg BW/day respectively.
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The total volume of coffee administered to treatment groups and clear warm water to normal and
fructose control group by oral gavage was 2mL. The oral gavage was performed by the principal
investigator (appendix-1I1) between 09:00 and 10:00 a.m. every day. The experiment was
conducted for a period of 6 weeks. No rat died as a result of the treatment or other causes throughout

the experiment.

3.11. Data collection

3.11.1. Assessment of food and liquid consumption

Food (g/group/day) and liquids (mL/group/day) were measured and given to the rats according to
their assigned group every day. 100g of standard chow for each group; 200mL of 20% fructose
solution for fructose control and coffee treatment groups and 200mL of tap water for normal control
group. To assess chow and liquid intake, consumption was calculated as the difference between
the amount of chow and fructose or water provided and the amount remaining in 24-hrs period

daily during the entire experimental period.

3.11.2. Measurement of body weight

Body weight of the experimental rats was measured by triple beam balance capable of measuring
610+0.19 at initial and weekly during the experiment and recorded to the corresponding code of
each rat in the group. However, due to the fluctuation of body weight between weeks, only the

initial and final body weights were considered for final statistical test.

3.11.3. Blood sample collection, serum preparation and storage

At the end of the sixth week, the rats were fasted overnight and anesthetized with diethyl ether.
Blood sample was collected by cardiac puncture and the rats were killed by exsanguination. To
prepare serum, the blood sample was transferred into serum separator tube (SST) and left to clot at
room temperature for 30 min immediately following collection. Subsequently, the clotted blood
sample was centrifuged at 2000 rpm for 15 min. Finally, the serum was transferred into necked
tube and stored at -80 °C (Cannizzaro et al., 2017) until the analyses were performed.
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3.11.4. Laboratory tests
Serum glucose, uric acid, TC, HDL-C and TG were determined by an enzymatic colorimetric
methods using fully automated analyzer (Mindary BS-200E); LDL-C was calculated using

Frieldwald’s formula.

3.11.4.1. Determination of serum glucose level
Fasting serum glucose level was measured with the glucose oxidase method. It is highly specific

for B-D-glucose and does not act on a-D-glucose.

Principle of Glucose oxidase method: Glucose oxidase catalyzes the oxidation of - D- glucose
to D- glucono-1, 5-lactone with the formation of hydrogen peroxide (H202). The lactone is then
slowly hydrolyzed to D-Gluconic acid. The H20> produced is then broken down to oxygen and
water by peroxidase enzyme. Then oxygen reacts with an oxygen accepter such as O-dianisidine
and results in the formation of a coloured compound that can be measured. The concentration of
glucose is determined by calculating change in absorbance at 460nm (Dohnal et al.,2010). The

reactions are summarized on the next page.

B-D-glucose + H2O + Oz Glucose Oxidasg Gluconic acid + H2.0>

O-dianisidine (Colourless) + H.O. Peroxidase Oxidised O — dianisidine (coloured) + H.O
e 2
3.11.4.2. Determination of serum uric acid level

Fasting serum uric acid level was measured with the uricase method.

Principle of the test: Uricase converts uric acid to allantoin and H.O>. The H,O> formed further
reacts with a phenolic compound and 4-aminoantipyrine by the catalytic action of peroxidase to
form a red coloured quinonimine dye complex. The intensity of the colour formed is measured at
520nm and directly proportional to the concentration of uric acid present in the sample (Zhao et

al., 2009). The test reactions are:

Uric acid +H,0 Uricase  allanto +H20,+CO;

H202 + 4-aminoantipyrine + phenolic compound Peroxidase, ~quinonimine (red) + H20
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3.11.4.3. Determination of lipid profile levels
TC, TG and HDL-C were determined by standard enzymatic method (Hopkins, 2004).

(A) Determination of TC

Principle: Total Cholesterol is measured enzymatically in serum or plasma in a series of coupled
reactions that hydrolyze cholesteryl esters and oxidize the 3-OH group of cholesterol. One of the
reaction byproducts, H2O> is measured quantitatively in a peroxidase catalyzed reaction that
produces a color. The intensity of the color formed is measured at 500 nm (500-550nm) and
proportional to the cholesterol concentration in the sample. The reactions are described as follows:

Cholesterol Esters+ H,O  Cholesterol Esterase> Cholesterol + Fatty acids

Cholesterol + O,  Cholesterol Oxidase> 4 — Cholesterol + H,0»

2H202 +Phenol + 4-AP  Peroxidase Quinonimine + 4 H,O
—>

(B) Determination of TG

Principle: Sample triglycerides incubated lipoprotein lipase (LPL), liberate glycerol and free fatty
acids. Glycerol is converted to giycarol-3 phosphate (G3P) and adenosine-5- diphosphate (ADP)
by glycerol kinase and ATP. Glycerol-3-phosphate (G3P) is then converted to dihydroxyacetone
phosphate (DAP) and hydrogen peroxide (H202) by glycerol phosphate dehydrogenase (GPO).

In the last reaction, H20- reacts with 4-aminophenazone (4-AP) and P-chlorophenol in presence of
peroxidase (POD) to give a red colored dye whose intensity is measured at 500nm and directly
proportional to the triglycerides concentration in present the sample. The reactions are summarized

as follows.

Triglycerides + H20 LPL,  Glycerol + free fatty acids

Glycerol + ATP Glycerol kinase G3P + ADP
G3P+0, GPO DAP + H202

H20, + 4 — AP + p- Chlorophenol POD Quinone +2H,0
_—
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(C) Determination of HDL-C

Principle: HDL-C level is measured directly in the serum without the need for any pre-treatment.
The apoB containing lipoproteins in the specimen are reacted with a blocking reagent that renders
them non-reactive with the enzymatic cholesterol reagent under conditions of the assay. The apoB
containing lipoproteins are thus effectively excluded from the assay and only HDL-C is detected
under the assay conditions. The absorbance of the dye is measured at 600 nm and directly
proportional to the concentration HDL-c present in the sample. The sequences of reactions are

summarized as follows:

ApoB containing lipoproteins + a-cyclodextrin + Mg*? + dextran  SO4 \ soluble non-reactive

complexes with apoB-containing lipoproteins.

HDL-cholesteryl esters PEG- cholesteryl esterase> HDL-Unesterified cholesterol + fatty acid

Unesterified cholesterol + O, PEG-cholesterol oxidase> cholestenone + H20o.
H202 + 5-aminophenazone + N-ethyl-N-(3-methylphenyl)-N’-succinyl ethylene diamine+ H20+

H* peroxidase qunoneimine dye + H2O.
e

(D) Determination of LDL-C: The LDL-C was calculated from measured values of TC, HDL-C

and TG using Frieldwald’s formula (Sharma et al., 2016) as follows:

[LDL-C] = [TC] - [HDL-C] - [TG]/5.

3.12. Data entry and analysis

All data were entered and cleared by epi-data software version 3.1 and exported to SPSS (statistical
Package for Social Science) software version 23.0 for statistical analysis. Normality distributions
were assessed by Shapiro-Wilks test and plots (stem-and-leaf and histogram). One-way analysis of
variance (ANOVA) was done to determine statistical differences among all groups of the study.
Pairwise comparisons were conducted by Tukey post hoc multiple comparison tests. In addition,
Pearson bivariate correlation was used to find the relationship of body weight with serum glucose,
uric and lipid profile levels. The results of the data were presented as meanzstandard deviation
(SD). The p-values < 0.05 were considered statistically significant.
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3.13. Quality assurance

Fructose solution and coffee were freshly prepared by the principal investigator on daily basis. All
chemical and reagents used in this experiment were of analytical grade. Each biochemical test was
performed by experienced laboratory technologists following standard operational procedures
(SOPs). Negative and positive control samples were run for serum glucose, uric acid and lipid
profiles to assure the validity of the test results. In addition, data entry and clearance were

performed by Epi-data prior to analysis by SPSS.

3.14. Ethical consideration

The ethical clearance was obtained from Department of Biochemistry Research and Ethical Review
Committee (DRERC), by approval letter with Ref. No. of SOM/BCHM/154/2009, meeting No. of
DRERC 02/17 and protocol No. of M.Sc. 11/17 issued on March 2/2017. All experimental
activities were carried out in accordance with recommendations from the declaration of nationally
and internationally conventional standards for the employment of experimental animals, and code

of ethics of animal experiments, which comply with scientific and ethical guidelines.

3.15. Utilization and dissemination of the results
The results of the present study will be communicated to different stakeholders in different formats,
including face-to-face presentation, publishing in a peer-reviewed journals and presentation at

scientific meetings.
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4. Results

4.1. Effect of coffee on food and liquid consumption

The rats treated with 284mg/kg BW/day of coffee consumed lower amount of chow compared to
fructose control group (57.5 g/day vs 68.5g/day) and normal control (57.5g/day vs 95.5g/day). The
results also shows that the mean liquid intake in rats treated with 284mg/kg BW/day of coffee was
lower when compared to fructose control group (174.5mL/day vs 187mL/day).
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Figure 3. The mean consumption of chow and liquid in the rats. The values are expressed as mean.
Sample size (n) is 5 for each group. Liquid - refers to fructose solution for all groups, except for group |
where it refers to plain tap water. Group |1 — Normal control group; Group Il-Fructose control group; Group
(11- V1) — Treatment groups (received 71, 142, 213 and 284mg/kg BW/day of coffee) respectively.
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4.2. Effect of coffee on body weight

Initially, the body weight of the rats was statistically similar among all groups (p = 0.96). At end
of the sixth week, the body weights of rats treated with 213 and 284mg/kg BW/day of coffee
significantly reduced compared to fructose control group (p = 0.047; 0.035) respectively. Treating
the rats with 71 and 142mg/kg BW/day of coffee did not bring significant difference in body weight
as compared to fructose control group (p > 0.05). Statistically significant differences in body weight
were not found between rats treated with any dose of coffee and normal control group (p > 0.05).
However, body weight of fructose control group was significantly higher compared to normal

control group (p = 0.020).
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Figure 4. Initial and final body weight of the rats. Values are expressed as mean+SD. Sample size (n) is
5 for each group. I- Normal control group; Il-Fructose control group; I11-VI -Treatment groups (received
71, 142, 213 and 284mg/kg BW/day of coffee) respectively. *. Indicates significant difference among all
groups at p < 0.05 as tested by one-way ANOVA. Superscript letters (a, b and c) indicate significant
differences compared to group I, V and VI respectively at p < 0.05 as tested by Tukey post hoc multiple
comparisons.
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4.3. Effect of coffee on serum glucose and uric acid levels

Treating the rats with 213 and 284mg/kg BW/day of coffee significantly decreased fasting serum
glucose (p = 0.049; 0.029) and uric acid (p = 0.026; 0.010) levels compared to fructose control
group. On the other hand, 71 and 213mg/kg BW/day of coffee were not found to bring significant
changes in fasting serum glucose and uric acid levels as compared to fructose control group (p >
0.05). In comparison to normal control group, fasting serum glucose and uric acid levels did not
show significant differences in coffee treatment groups (p > 0.05). However, fasting serum glucose
and uric acid levels were significantly increased in fructose control group when compared to

normal control (p = 0.007, 0.002) respectively.

Table 2. Fasting serum glucose and uric acid levels of the rats.

Variable Groups
(mg/dL) E P
| I i v Vv VI

Glucose 74248  94.4%9.6%° 88.8+9 81+59  78.4+8.4  77.2+75 4.5 0.005*

Uricacid 1.32+0.3 2.18+0.3%¢ 1.7+0.4 1.64+0.3 1.52+0.26 1.44+0.3 4.7 0.004*

Values are expressed as meanSD. |- Normal control group; ll-Fructose control group; HI-VI-Treatment
groups (received 71, 142, 213 and 284mg/kg BW/day of coffee) respectively. Sample size (n) is 5 for each
group. «Indicates significant differences among all groups at p < 0.05 as tested by one-way ANOVA.
Superscript letters (a, b and c) indicate significant differences compared to group I, V and V1 respectively
at p < 0.05 as tested by Tukey post hoc multiple comparisons.
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4.4. Effect of coffee on serum lipid profile levels

Fasting serum TG and LDL-C levels were significantly lower in rats treated with 284mg/kg
BW/day of coffee compared to fructose control group (p = 0.031; 0.046) respectively. Similarly,
significant elevation of fasting serum TG (p = 0.013) and LDL-C (p = 0.007) levels were also
found in fructose control group when compared to normal control group. Significantly increased
fasting serum LDL-C level was also observed in rats treated with 7Amg/kg BW/day of coffee as
compared to normal control group (p = 0.046). Fasting serum TC and HDL-C levels did not indicate
statistically significant changes in all coffee treatment groups when compared to fructose control

and normal control groups (p > 0.05).

Table 3. Fasting serum lipid profile levels of the experimental rats.

Groups

Variable

(mg/dL) | I 11 \Y \Y; VI F P

TC 101.4 120.2 118.6 113.2+10.2 106.6%+9.4 103.8+10 2.6 0.051
+13.2 +12.4 +8.8 N4

HDL-C 44455 33.4+55 376 39+4.3 39.8+6.8 41+7.3 2 0.132

+4.5

TG 116.8 147.8 142.6 135+15.4 125.4+10.6 120+9.8 45 0.005*
+11 +17.8% +13.2

LDL-C 34495 57.2 525 47.2 £13.5 41.7+6.7 38.848.8 4.4 0.006*

+10.4% +4.42

Values are expressed as mean+SD. HDL-C- High density lipoprotein cholesterol; LDL-C- Low density
lipoprotein cholesterol; TC- Total cholesterol; TG- Triglycerides. Sample size (n) is 5 for each group.

= -Indicates significant difference among all groups at p < 0.05 as tested by one-way ANOVA. Superscript
letters (a) - indicates significant differences compared to group I; (b) - indicates significant differences
compared to group VI at p < 0.05 as tested by Tukey post hoc multiple comparisons.
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4.5. Correlation of serum glucose level and body weight

Serum glucose level showed moderate, significant positive correlation with body weight (r = 0.546,
p = 0.002).
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Figure 5. Pearson correlation of serum glucose level and body weight of the rats. Moderate correlation
refers to r - values closest to £ 0.5.

4.6. Correlation of serum uric acid level and body weight

Moderate, significant positive correlation was found between serum uric acid level and body weight
of the rats (r=0.560, p = 0.001).
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Figure 6. Pearson correlation of serum uric acid level and body weight of the rats.
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4.7. Correlation of serum TC level and body weight

Serum total cholesterol level was associated with the body weight of the rats through weak,

significant positive correlation (r=0.435, p = 0.016).
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Figure 7. Pearson correlation of serum TC level and body weight of the rats. Weak correlation refers
to r - values closest to £+ 0.3.

4.8. Correlation of serum TG level and body weight

Pearson correlation revealed that serum triglyceride showed weak, non-significant positive
correlation with body weight of the rats although not significant (r = 0.344, p = 0.063).
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Figure 8. Pearson correlation of serum TG level and body weight of the rats.
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4.9. Correlation of LDL-C level and body weight

Serum LDL-C and body weight of the rats were associated through moderate, significant positive
correlation at (r = 0.473, p = 0.008).
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Figure 9. Pearson correlation of serum LDL-C level and body weight of the rats.

4.10. Correlation of serum HDL-C level and body weight

Pearson correlation indicated that serum HDL-C showed weak, non-significant negative
correlation with body weight of the rats (r = -0.216, p = 0.253).
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Figure 10. Pearson correlation of serum HDL-C level and body weight of the rats.
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5. Discussion

Dietary fructose, which induces metabolic disorders including body weight gain, hyperglycemia,
hyperinsulinemia, dyslipidemia and hyperuricemia, can lead to pathophysiologic importance for
the development of T2DM in both humans and animal models. Hepatic de novo lipogenesis and
lipotoxicity, oxidative stress, and hyperuricemia have been proposed as mechanisms responsible
for adverse effects of fructose (Nehal et al., 2016; Sandeva et al., 2015). Intake of certain beverages
such as coffee and functional foods has been shown to be effective at the suppression or reduction
of metabolic syndromes. Coffee has received significant scientific attention due to various
epidemiological and experimental studies that point to its therapeutic effects (Tanaka et al., 2009).
Therefore, in the present study, the effects of coffee on food and liquid consumptions, body weight,
fasting serum glucose, uric acid and lipid profile levels were investigated in male albino Wistar

rats fed on 20% fructose solution for six weeks.

Assessment of food and liquid consumption showed that rats treated with 284mg/kg BW/day of
coffee consumed lower amount of chow (57.5g/day) and fructose solution (174.5mL/day)
compared to fructose control group, which consumed 68.5g/day of chow and 187mL/day of
fructose solution respectively. The possible mechanism by which coffee (caffeine) decreased diet

consumption might be by increasing satiety, because the animals were fed ad libitum.

The obtained results indicated that significantly decreased body weight gain was recorded in rats
treated with 213 and 284mg/kg BW/day of coffee at the end of sixth week as compared to fructose
control group (p = 0.047; 0.035) respectively. These results suggest that coffee may have negative
effect on body weight. In line with this finding, Ismail et al. (2015) reported that male albino rats
fed on different preparations of Turkish, Arabian and instant coffee had significantly smaller
weight gain than normal control. Similar finding was also reported by Mohmoud et al. (2013), in
which feeding on different doses of Arabic coffee for 30 days lowered body weight in rats fed on

basal diet.
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On the other hand, treating the rats with 71 and 142mg/kg BW/day of coffee did not significantly
lowered body weight as compared to fructose control group (p > 0.05), suggesting that the effect
of coffee on body weight loss is a dose dependent. It was also found that, rats treated with different
doses of coffee had not shown stastically significant differences in mean body weights as compared
to normal control group (p > 0.05). The possible mechanism by which coffee prevented higher
body weight gain in the present study could be by increasing lipolysis via catecholamines (Lopez
et al., 2006; Kobayashi-Hattori et al., 2005). Caffeine might also have caused body weight loss by
increasing physical activity. In addition, coffee had decreased diet consumptions, which might in

turn had led to decreased in the body weight gain.

In comparison with normal control group, fructose control group had statistically significant body
weight gain (p = 0.020). This result is in line with Tanaka et al.’s (2009), in which feeding on 20%
fructose solution in tap water for 8 weeks had brought statistically significant body weight gain in
both sexes of rats. As demonstrated in both short-term and long-term studies, fructose consumption
results in decreased circulating levels of insulin and leptin and increased caloric intake (Stanephone
and Havel, 2008).

Treating rats with 213 and 284mg/kg BW/day of coffee had significantly reduced fasting serum
glucose levels as compared to fructose control group (p = 0.049; 0.029) respectively. Consistent
with these findings, Li et al. (2009) reported that CGA significantly lowered fasting glucose levels
in golden hamsters. In addition, Takami et al. (2013) reported moderate coffee consumption in
human subjects was associated with a significantly lower odds ratio for high plasma glucose. In
rats treated with 71 and 142mg/kg BW/day of coffee, serum glucose levels were non-significantly
lower (table 2) when compared to fructose control group. The overall effects of coffee on glucose
level in the present study revealed good implication to support the hypothesis that states, “Heavy

coffee consumption has been associated with a lower risk of diabetes,” (Urzla et al., 2012).

Most probably, coffee prevented increase in glucose level due to its main component, caffeine,
which inhibits adenosine receptors that stimulates hepatic glucose production through the
activation of A2B adenosine receptors (Abd et al., 2009). Caffeine might also have stimulated
glucose transport through activation of cyclic AMP-dependent protein kinase a-1 (Urzua et al.,
2012). Another mechanism could be via selective inhibition of hepatic glucose-6-phosphatase, a

rate-limiting enzyme of gluconeogenesis, by CGA of coffee (Khojah, 2016; Akash et al., 2014).
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Fasting serum glucose was significantly higher in fructose control group than in normal control
group (p = 0.007). This finding is in agreement with Sandeva et al.’s (2015) who reported that
serum glucose level was significantly increased in male and female rats fed on 20% of fructose

solution in drinking water for 8 weeks.

It was found that, fasting serum uric acid levels were significantly lower in rats treated with 213
and 284mg/kg BWi/day of coffee compared to fructose control group (p = 0.026; 0.010)
respectively. Similar studies by Lelyana (2016) and Lelyana et al. (2015) reported that coffee had
non-significantly reduced serum uric acid in obese rats and mice with hyperuricemia respectively.
In addition, Mahmoud et al. (2013) reported that different doses of Arabic coffee had lowered
serum uric acid levels in experimental rats fed on basal diet. In comparison with mentioned
findings, the significant decrease in fasting serum uric acid found in the present study might be due

to variation in the doses of coffee, study design and/or duration.

The result also indicated that 71 and 142mg/kg BW/day of coffee treatments showed non-
significant lowering effect on fasting serum uric acid levels when compared to fructose control
group (table 2). Fasting serum uric acid level did not show statistically significant difference
between normal control and treatment group received any dose of coffee (p > 0.05). Coffee
consumption may lower serum uric acid levels and risk of gout via various mechanisms. The main
mechanism is via competitive inhibition of xanthine oxidase by caffeine (1,3,7-trimethyl-xanthine),
(Rho et al., 2011). The other mechanism is probably by a diuretic action of caffeine that might
affect serum uric acid concentration through increased excretion in urine (Abd et al., 2009).

Evaluation of fasting serum lipid profiles showed that treating rats with 284mg/kg BW/day of
coffee had significantly lowered fasting serum levels of TG and LDL-C when compared to fructose
control group (p = 0.031; 0.046) respectively. Consistent with these findings, Gomes et al. (2013)
reported that, feeding of 7.2mL/kg of body weight for 41 days significantly lowered lipid
percentage in hyperlipidemic diet feeding rats. In addition, Li et al. (2009) reported CGA
significantly lowered the levels of fasting serum TG, FFA, TC, and LDL-C in golden hamsters.

33



Fasting serum levels of TC and HDL-C were non-significantly lower and higher respectively, in
rats treated with 213 and 284mg/kg BW/day of coffee compared to fructose control group (table
3). These results are in agreement with Karabudak et al.’s (2015) that reported Turkish and instant
coffee consumption did not significantly affect serum levels of TC among Turkish subjects. On the
other hand, in Mohmoud et al.’s (2013) study, Arabic coffee had significantly decreased serum TC
levels in experimental rats fed on basal diet. In contradiction to our findings, Hanaa and Fattah’s
(2008) reported significant elevation of serum TL, TC, TG and LDL-C, while a significant decrease
of HDL-C in rats fed diet supplemented with low or high dose of coffee. The causes for these
variations are unclear. However, it may be due to the variations in the mode of coffee
administration. Lipid lowering effects of coffee found in the present study could be related to
caffeine, (methylxanthine) which stimulates lipolysis by increasing cellular levels of cAMP
through antagonism adenosine receptors (A1) and inhibition of phosphodiesterase activity (Gomes
et al., 2013; Acheson et al., 2004).

Feeding rats on 20% of fructose solution for six weeks significantly increased fasting serum levels
of TG in fructose control (p =0.013); LDL-C in fructose control ( p = 0.007) and 71mg/kg BW/day
of coffee treated (p = 0.046) groups compared to normal control group. The fasting serum levels
of TC (p = 0.106) and HDL-C (p = 0.073) were non-significantly higher and lower, respectively
in fructose control group than in normal control group (table 3). Fasting serum levels of TC, TG,
and LDL-C were possibly increased in fructose control group as metabolism of fructose by
bypasses the enzyme phosphofructokinase and unregulated the flow of fructose-derived substrates

(glycerol-3- phosphate and acetyl-CoA) into lipogenesis (Rutledge and Adeli, 2007).

Pearson bivariate correlation analysis indicated that serum glucose and uric acid levels showed
moderate, significant positive correlations with body weight (r = 0.546, 0.560 and p = 0.002, 0.001)
respectively. There is a lack of study that correlates serum glucose and uric acid levels with body
weight in rat models. However, in line with these results, Agrawal et al. (2017) reported positive
correlation between serum glucose and BMI among Jharkhand population. The positive correlation
found in the present study between body weight and glucose level of the rats could imply that
increase in body weight may trigger changes to the body's metabolism and cause development of

insulin resistance (Gatineau et al., 2014).
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Similarly, Duan et al. (2015) reported that serum uric acid level was positively correlated with
overweight and obesity among university students of China. Increase in serum uric acid levels as
body weight increased might be due to increased synthesis of triglycerides that increases uric acid

concentrations and arterial hypertension that lowers uric acid excretion.

Body weight had moderate positive correlation with the serum fasting levels of LDL-C (r =0.0473)
and weak, positive correlation with TC (r = 0.435). However, body weight was significantly correlated
with both serum LDL-C (p = 0.008) and TC (p = 0.016) levels. Fasting serum TG and HDL-C
levels showed weak, non-significant positive and negative correlations with body weight (r =
0.344, - 0.216 and p = 0.063, 0.253) respectively. Similar finding that correlates body weight and
lipid profile levels in rat model is limited. However, consistent with our findings, Omotoye and
Fadupin (2016) reported positive correlation of LDL-C, TC and TG levels with overweight and
negative correlation between HDL-C levels and BMI among T2D patients of Nigeria. In the present
study, increased body weight perhaps led to increased TC, TG and LDL-C levels by increasing
hepatic lipogenesis. On the contrary, decreasing HDL-C levels with increasing body weight could

be due to increased rate of clearance and decreased rate of production of HDL-C.

35



6. Conclusions

Treating rats with coffee was found to significantly reduce body weight, fasting serum glucose,
uric acid, TG and LDL-C levels in a dose dependent manner in male albino Wistar rats fed on 20%
of fructose solution for six weeks. Notably, 213 and 284mg/kg BW/day of coffee significantly
reduced body weight, fasting serum glucose and uric acid levels. In addition, 284mg/kg BW/day
of coffee significantly decreased fasting serum TG and LDL-C levels. Therefore, the alternative
hypothesis proposed in the present study has been tested and accepted. Coffee treatment also
lowered the fasting serum levels of TC and increased HDL-C although not significant. Generally,
the overall findings of the present study suggest that coffee consumption may be helpful in
ameliorating metabolic syndromes and its associated complications such as obesity, diabetes,

inflammation and cardiovascular diseases.
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7. Strength and limitations of the study

7.1. Strength of the study

v" Both positive and negative controls were used as reference comparison to investigate the
effect of coffee in treatment groups.
v Four different doses of coffee were evaluated to determine the dose dependent effect of

coffee.

7.2. Limitations of the study

v" Minimum sample size was used, so that the statistical power of the study was somewhat
limited.

v The rats were maintained as 5-rats/cage, as a result, the amount of chow and fructose
consumption of individual rat was not known.

v" The mechanisms by which coffee suppresses metabolic disorders were not demonstrated

(based on published data).
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8. Recommendations
Based on the present study findings, the following recommendations are forwarded:

v Long-term experiment should be conducted to determine the effect of coffee on body
weight, blood glucose, uric acid and lipid profile levels.

v" Further experimental research is required to compare the effect of coffee and standard drugs
on MetS induced by overconsumption of high caloric diet.

v’ The effect of different modes of coffee preparation and extractions should be investigated
to determine the best effective form and ingredient at prevention or reduction of MetS.

v The effect of coffee drinking on health should clinically be investigated in Ethiopian.
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Appendices

Appendix-1: Procedure of coffee preparation

Boiled unfiltered coffee was prepared daily without adding sugar or any other sweetener as follows.

2 e A

180mL of water was heated in traditional clay coffee pot
10g of coffee powder was added into the hot water

The mixture was boiled for 10 minutes.

Boiled coffee was allowed to settle for 15 minutes.

The settled coffee was poured into thermos flask.

Before administration, the coffee was poured into coffee cup

Appendix I1: Procedure of fructose solution preparation

20% (W/V) of fructose solution (200mL) was prepared as follows:

1.
2.
3.

40g of fructose was weighed out on analytical balance.

The weighed out fructose was transferred to a clean, dry graduated cylinder.

Water was added up to two-thirds of 200mL graduated cylinder and stirred until the
fructose is dissolved.

After the solution stopped moving, water was gradually added until the solution reached
the 200mL mark.

The solution was stirred once more to finish mixing.

The solution was transferred into aluminum foil covered water bottle.
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Appendix - I11: Procedure of oral gavage

1. Weigh the rat to determine the appropriate dosing volume. The volume should be 10- 20 ml/kg
(never exceed the 20 ml/kg).

2. Measure the tube for the correct length by placing it along the outside of the animal, so that the
ball tip is at the last rib and the other end of tube is by the animal’s nose.

3. Mark the tube at the point where it reaches the tip of animal’s nose. Do not pass the tube
farther than this mark or you risk perforation of the stomach.

4. Restrain the rat in an upright position using standard restraint technique (extend the head and
neck keep the nose, head and spine aligned so that the esophagus is straight).

5. Insert the bulb into the comer of the mouth and reposition the needle toward the center,

6. Slide the tip gently past the back of the tongue and run the bulb along the roof of the mouth
and down the esophagus.

7. Once the gavage tube is properly placed, slowly administer the material. If animal has trouble
breathing, struggles violently, or coughs, you may be in the trachea. Stop administration
immediately and remove the gavage tube!

10. After administration, slowly remove the tube from esophagus.

11. Return animal to its cage.

12. Observe animal for 5-10 minutes for any signs of pain or distress, and again 12-24 hours

later.
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