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Abstract 

Diabetes mellitus is characterized by hyperglycemia. Caffeine has been suggested to be 

capable of disrupting glucose metabolism. The effects of caffeine on blood glucose 

level and on lipid profile of alloxan induced diabetic Wistar rats were studied. The 

effect of caffeine by determining the blood glucose levels at intervals of 30mins, 1hour 

and 2hours respectively following administration of caffeine. Caffeine at a dose of 25 

mg/kg and 100 mg/kg produced significant (P<0.05) increases in the blood glucose 

levels 2 hours after administration on comparison with control animals. After the 2 

weeks duration that the experiment lasted, caffeine at a dose of 25mg/kg was found to 

significantly (P<0.01) increase blood glucose level of the rats. There was a significant 

(P<0.05 ) increase in the level of triglycerides in animal that received 100 mg/kg 

caffeine after 2 weeks of caffeine administration compared to those in all other groups. 

All other lipid profile indices showed no significant difference (P 0˃.05) compared 

with the control group. Caffeine was found to produce no significant (P˃ 0.05) changes 

in the body weights of animals in all groups in comparison with those of the control. It 

can therefore be concluded that caffeine administration causes increases in blood 

glucose and blood triglyceride levels of diabetic Wistar rats, although the results 

suggest that these increases may be dose dependent. 
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CHAPTER ONE 

1.0           INTRODUCTION 

1.1          Diabetes Mellitus 

Excessive urine excretion is one of the major symptoms of diabetes. The most common 

form of diabetes is diabetes mellitus, a metabolic disorder in which there is an inability 

to oxidize carbohydrate due to disturbances in insulin function. Diabetes mellitus is 

characterized by elevated glucose in the plasma and episodic ketoacidosis. Additional 

symptoms of diabetes mellitus include polydipsia, glucosuria, polyuria, lipemia and 

hunger (King et al., 1998; WCPD, 2012).  

Diabetes mellitus is a heterogeneous clinical disorder with numerous causes. Two main 

classifications of diabetes mellitus exist, idiopathic and secondary. Idiopathic diabetes 

is divided into Type 1 diabetes (IDDM) and Type 2 diabetes (NIDDM) (WHO, 2003). 

Type 2 diabetes is associated with a cluster of interrelated plasma lipid and lipoprotein 

abnormalities, including reduced HDL cholesterol, a predominance of small dense LDL 

particles, and elevated triglycerides. These abnormalities occur in many patients despite 

normal LDL cholesterol levels. These changes are also a feature of the insulin 

resistance syndrome (also known as the metabolic syndrome), which underlies many 

cases of type 2 diabetes. In fact, pre-diabetic individuals often exhibit an atherogenic 

pattern of risk factors that includes higher levels of total cholesterol, LDL cholesterol, 

and triglycerides and lower levels of HDL cholesterol than individuals who do not 

develop diabetes (Krauss, 2004). 

World Health Organization (WHO) estimated that approximately 120-140 million 

people were globally affected by diabetes mellitus in 1999 (WHO, 1990). In 2000, this 

figure increased to more than 177 million (Kalda et al., 2008) and is projected to 
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increase to 221 million by 2010 and to double by the year 2025 (King et al., 1998 and 

Emerson et al., 2009). 

1.2       Alloxan (2, 4, 5-6-pyrimidinetetrone) 

Alloxan and streptozotocin are widely used to induce experimental diabetes in animals. 

The mechanism of their action in β cells of the pancreas has been intensively 

investigated and now is quite well understood. The cytotoxic action of both of these 

diabetogenic agents is mediated by reactive oxygen species.  However, the source of 

their generation is different. Alloxan and the product of its reduction, dialuric acid, 

establish a redox cycle with the formation of superoxide radicals. These radicals 

undergo dismutation to hydrogen peroxide. Thereafter highly reactive hydroxyl radicals 

are formed by the Fenton reaction. The action of reactive oxygen species with a 

simultaneous massive increase in cytosolic calcium concentration causes rapid 

destruction of β cells (Szkudelski, 2001). 

1.3     Caffeine 

Caffeine is a bitter, white crystalline xanthine alkaloid that acts as a stimulant drug and 

an acetyl cholinesterase inhibitor (Cardoso-Lopes et al., 2009). It is found in varying 

quantities in the seeds, leaves, and fruits of some plants, where it acts as natural 

pesticides that paralysis and kills certain insects feeding on the plants. It is most 

commonly consumed by humans in infusions extracted from the seeds of the coffee 

plant and the leaves of the tea bush, as well as from the various foods and drinks 

containing products derived from the Kola nut. In humans, caffeine acts as a central 

nervous system stimulant, temporarily warding off drowsiness and restoring alertness. 

It is the world most widely consumed psychoactive drug, but unlike many other 
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psychoactive substances, it is both legal and unregulated in nearly all parts of the world. 

Beverages containing caffeine such as coffee, tea, soft drinks, and energy drinks, enjoy 

great popularity; and about 90% of adults consume caffeine daily (Lovett, 2005). 

1.3.1 Caffeine and diabetes 

Coffee is the most widely consumed beverage in the world and heavy coffee 

consumption has been associated with a lower risk of diabetes, but little is known about 

the mechanisms responsible for this association. Caffeine is one of the active biological 

components in coffee and is the principal source of the suggested benefits of coffee 

consumption. The effect of caffeine on glucose tolerance is still controversial, however 

(Urzua et al., 2012). Caffeine had been reported to somewhat reduce the risk of type 2 

diabetes (Van Dam, 2008). A growing body of research suggests that caffeine disrupts 

glucose metabolism and may contribute not only to the development of but also the 

control of type 2 diabetes, a major public health problem (Lane, 2011).  It has also been 

reported that caffeine may increase the effectiveness of some medications (Gilmore et 

al., 2011). 

1.4     Metformin 

Metformin is a hypoglycemic biguanide diabetic medication which acts by reducing the 

release of glucose from the liver and increasing glucose uptake by the muscles (Klip 

and Leiter, 1990). Metformin has been used for over 40 years as an effective glucose 

lowering agent in type 2 (non-insulin dependent) diabetes mellitus. It is an oral 

biguanide that ameliorates hyperglycemia by improving peripheral sensitivity to 

insulin, and reducing gastrointestinal glucose absorption and hepatic glucose 

production (Muharnniad et al., 2000). 
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1.5       Statement of the Research Problem. 

There is growing concern that diabetes will assume epidemic proportions affecting the 

developing world in Asia and Africa more than the developed world (Amos et al., 

1997; Rheeder, 2006). Diabetes mellitus is a risk factor for cardiovascular disease, 

stroke, amputation and blindness (Gong et al., 2009; Duze et al., 2012). Findings have 

indicated that caffeine intake influences glucose metabolism (Lane et al., 2004) while 

caffeine and coffee have been shown to have exaggerating effects on postprandial 

hyperglycemia, a condition that can worsen type 2 diabetes mellitus (Lane et al., 2007). 

1.6        Justification for the Study 

While it is expedient that we are certain about the effects of caffeine on diabetes 

mellitus since it is popularly consumed in the Nigerian society in various forms, there is 

the need to also clear the seeming controversy over the effect of caffeine the active 

ingredient in kolanut, coffee, tea, chocolate and cola drinks on diabetes mellitus. 

 

The reports of certain previous studies on caffeine were contradictory. While some 

indicated that caffeine exerts a protective effect against the onset of diabetes mellitus 

(Shearer et al., 2003; Van Dam et al., 2006; Shearer et al., 2007), recent studies have 

shown that it actually increases insulin resistance, a factor, in the development of type 2 

diabetes (Van Dam, 2006; Lane, 2011). These recent studies conflict with past studies 

about coffee which have consistently found that coffee drinkers have a lower risk of 

developing type 2 diabetes mellitus and that the consumption of coffee may ameliorate 

the effects of the disease. 
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1.7     Aim and Objectives  

The aim of this study is to determine the effects of caffeine on blood glucose and lipid 

profile in alloxan-induced diabetic Wistar rats. 

1.7.1 The specific objectives of this study are as follow: 

i. To study the acute and sub-chronic effects of caffeine on blood glucose 

level in alloxan- induced diabetic rats. 

ii. To investigate the effect of caffeine on lipid profile in alloxan-induced 

diabetic rats.  

iii. To investigate the effect of caffeine on the body weight of alloxan-

induced diabetic Wistar rats. 

1.8                                                        Hypothesis. 

 Caffeine has no significant effects on blood glucose level and lipid profile in alloxan-

induced diabetic Wistar rats. 
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CHAPTER TWO 

2.0    LITERATURE REVIEW 

2.1      Caffeine and the Body 

2.1.1 Caffeine and the nervous system 

Caffeine stimulates the central nervous system first at the higher levels, resulting in 

increased alertness and wakefulness, faster and clearer flow of thought, increased focus, 

and better general body coordination, and later at the spinal cord level at higher doses 

(Karau et al., 2010). This stimulatory activity is achieved through several mechanisms 

including increased ATP production through cyclic adenosine monophosphate (cAMP) 

accumulation and inhibition of dopamine re-uptake (Huang et al., 2005). 

Parkinson's disease (PD) is the degeneration of dopamine producing neurons. 

Dopamine producing neurons stimulate the motor cortex effecting motor control. Loss 

of dopamine produces loss of motor control skills, cognitive function, and autonomic 

nervous system. Epidemiological studies have shown that the risk of developing PD 

decreases with increasing levels of caffeine intake. Caffeine binds to the adenosine 

receptor (A2aR) and indirectly prevents MPTP (1-methyl-4-phenyl-1,2,3,6-

tetrahydropyridine,an experimental neurotoxin known to cause PD) from destroying 

dopamine producing neural cells in the brain and the substantia nigra, thus preventing 

neural degeneration and loss of motor control (Jiang-Fan et al., 2001). 

Duarte et al. (2012) using an animal model of diabetes type 2 that closely mimics the 

human form of the disease – suggested that diabetes affects memory by causing 

synaptic degeneration, astrogliosis and increased levels of A2AR. The study indicated 

as well that chronic consumption of caffeine can prevent the neuro-degeneration and 

http://en.wikipedia.org/wiki/Parkinson%27s_disease
http://en.wikipedia.org/wiki/MPTP
http://en.wikipedia.org/wiki/Methyl
http://en.wikipedia.org/wiki/Phenyl
http://en.wikipedia.org/wiki/Pyridine
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the memory impairment. And this not only in diabetes, since synaptic degeneration and 

astrogliosis are both part of a cascade of events common to several neuro-degenerative 

diseases, suggesting that caffeine (or similar drugs) could help them too through the 

same mechanisms. 

2.1.2 Caffeine and muscles 

Caffeine improves endurance exercise by sparing muscle glycogen through increased 

fat oxidation (Essig et al, 1980). Studies have found that caffeine ingestion does not 

always spare muscle glycogen, increase plasma free fatty acid or reduce the respiratory 

exchange ratio during exercise (Arogyasami et al., 1989). 

Caffeine increases the rate of glucose transport in the absence of insulin in rodent 

skeletal muscle, and enhances glucose transporter-4 (Glut-4) mRNA and protein levels 

in cultured myotubes. In a rat model, caffeine predominantly activates the cyclic AMP-

dependent protein kinase α-1isoform (α-1 cAMP) by means of an insulin independent 

mechanism, which increases AMP kinase-1 to promote glucose transport. In addition, 

the up-regulation of Glut-4 is dependent on the caffeine concentration.  An alternative 

mechanism could be that caffeine acts as an antagonist of adenosine A1 receptors, 

which are present in skeletal muscle. Antagonism of these receptors has been shown to 

improve glucose tolerance in rats (Urzua et al., 2012). 

 

2.1.3 Caffeine and the cardiovascular system 

Caffeine increases cardiac arrhythmia by increasing stress hormone secretions. It has 

been shown there is an increase in brachial diastolic blood pressure, but not in brachial 

systolic blood pressure. However, both aortic systolic and diastolic blood pressures 



 
 
 
 

8 
 

increase significantly during caffeine consumption. It has been noted that long term 

consumption leads to increasing aortic systolic pressure which leads to chronic arterial 

stiffness (Bracco et al., 2001; Mahmud et al., 2001). 

Terry et al., (2000) demonstrated that caffeine affects persons to a progressively greater 

degree according to their blood pressure classification. They further demonstrated that 

the higher the risk classification, the more likely are BPs in the hypertensive range 45 

to 60 minutes after consumption of a dietary dose of caffeine and while resting. 

 

2.1.4 Caffeine and urinary system 

Caffeine intake increases renal excretion of sodium and water. This is caused by both 

slightly increasing the glomerular filteration rate and inhibiting the tubular reabsorption 

of sodium and water. Although the ability for caffeine and theophylline to induce 

diuresis and natriuresis is well established, the mechanisms behind them are not well 

understood (Milon et al., 1988; Rieg et al., 2004). Because of its diuretic effect, some 

authorities have recommended that athletes or airline passengers avoid caffeine in order 

to reduce the risk of dehydration through stimulation of urinary output (Maughan et al., 

2003). 

2.1.5 Caffeine and the pancreas 

The antioxidant effect of caffeine has also been described. It has been proposed that 

caffeine could contribute to the protection of β pancreatic cells from free radicals 

produced by oxidative stress, prevent membrane damage and preserve the β pancreatic 

cell (Urzua et al., 2012). 
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Caffeinated and decaffeinated coffee, caffeine, and an unidentified substance in coffee 

other than caffeine were associated with increased inter-digestive exocrine pancreatic 

trypsin secretion. In addition, Coffey et al. (1989) also confirmed that coffee and 

caffeine stimulated gastric acid secretion and decaffeinated coffee raised serum gastrin 

concentrations. 

2.1.6 Caffeine and the liver  

Research has shown there is a strong negative correlation between coffee consumption 

and liver cirrhosis (Klatsky et al., 2006; Muriel et al., 2010). However, there is a lack 

of corresponding evidence for other beverages that contain caffeine (Corrao et al., 

2001). 

Caffeine is metabolized in the liver into three primary metabolites: paraxanthine (84%), 

theobromine (12%), and theophylline (4%) (Julien, 2005). 

 

In addition, there is other research that shows caffeine to have suppressive effects on 

Tumor necrosis factor-alpha (TNF-α)-induced hepatitis by suppressing the TNF-α 

production, and by suppressing the TNF-α-induced apoptosis (Sugiyama et al., 2001). 

2.1.7 Effect of caffeine on pregnancy 

Russell (2007) reported that recent studies have shown that consuming more than 300 

milligrams of caffeine a day will increase one’s chances of a miscarriage, and based on 

studies on animals, high levels of caffeine may also cause birth defects, preterm 

delivery, reduced fertility and low birth weight. 

 

http://www.ncbi.nlm.nih.gov/pubmed?term=Coffey%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=3575300
http://en.wikipedia.org/wiki/Tumor_necrosis_factor-alpha
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There is also a link between consuming even more caffeine (more than 500 mg a day) 

and faster heart and breathing rates in babies in the first few days after birth. 

Caffeine passes through the placenta and is absorbed by the baby.  In pregnant women, 

caffeine is active in the body for up to 11 hours, but up to 100 hours in the fetus 

because the developing babies still lack the necessary enzymes to detoxify and break it 

down. 

2.2       Metabolism of Caffeine 

Caffeine is metabolized in the liver into three primary metabolites: paraxanthine (84%), 

theobromine (12%), and theophylline (4%), each of which has its own effects on the 

body: 

 Paraxanthine: increases lipolysis, leading to elevated glycerol and free fatty acid 

levels in the blood plasma. 

 Theobromine: Dilates blood vessels and increase urine volume. 

 Theophylline: Relaxes smooth muscles of the bronchi, and is used to treat 

asthma (Julien, 2005). 

 

A study on biomarkers showed that caffeine metabolites (isoprenoids) persist in the 

bloodstream for 24 hours and are not easily eliminated following daily coffee and 

caffeine intake for15 days or more. This could partially explain the long-term effects of 

caffeine (Urzau et al., 2012).  
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2.3    Caffeine and Blood Glucose Level 

2.3.1 Caffeine and blood glucose level in non-diabetics 

According to the work done by Gerben et al., (2002), caffeine was found to be capable 

of decreasing insulin sensitivity in humans. Caffeine, in a dose that equals moderate 

consumption, decreased insulin sensitivity in healthy volunteers. The decrease in 

insulin sensitivity that was reported as result of caffeine ingestion is close to the 

magnitude of the increase in insulin sensitivity that can be achieved with glucose-

lowering agents, such as metformin and thiazolidinedione derivatives, and is therefore 

clinically relevant. This finding may have serious health implications, especially when 

superimposed on already-disturbed glucose tolerance or established diabetes mellitus 

Type-2. They explained that caffeine can decrease insulin sensitivity in healthy 

humans, possibly as a result of elevated plasma epinephrine levels. Because 

dipyridamole did not affect glucose uptake, peripheral adenosine receptor antagonism 

does not appear to contribute to this effect. This is contrary to the view of others who 

argued strongly in favour of adenosine antagonism as the possible way by which 

caffeine can reduce insulin sensitivity. It was however concluded that further 

investigation is required to elucidate whether this effect persists over time with chronic 

use of caffeine. 

 

Another work revealed that acute caffeine ingestion does not affect endogenous glucose 

production and that caffeine's attenuation of insulin-mediated, whole-body glucose 

disposal is not attributed to the small increase in adrenaline concentration alone. 

Additional mechanisms, possibly adenosine receptor antagonism, must be involved 

(Battram et al., 2005). 



 
 
 
 

12 
 

 

Again, caffeine intake was found to reduce the risk of type 2 diabetes (Heather et al., 

2004; Hiroyasu et al., 2006). It was also reported that caffeine exerts a protective effect 

against the onset of diabetes mellitus (Shearer et al., 2003; Van Dam et al., 2006; 

Shearer et al., 2007). It was found that caffeine intake of 416mg/day reduced the risk 

by 33%. These findings are consistent with that of Eduado et al., (2004). Additional 

laboratory studies showed that caffeine may be one of the most effective anti-diabetic 

compounds in coffee (American Chemical Society, 2010). 

 

2.3.2 Caffeine and blood glucose level in diabetics 

Acute administration of caffeine impaired postprandial glucose metabolism in diabetic 

patients. Human subjects were reported to have demonstrated exaggerations of both 

glucose and insulin responses when caffeine was ingested with carbohydrates. These 

results raised concerns about the potential hazards of caffeine for patients with type 2 

diabetes and possibly for individuals who are glucose intolerant or ―pre-diabetic.‖ 

Repeated exaggerations of postprandial glucose, resulting from daily consumption of 

caffeinated beverages with meals, could produce higher average glucose levels that 

increase the risk of diabetes complications (Lane et al., 2004). 

 

Caffeine intake has also been proposed to increase symptomatic warning signs of 

hypoglycemia in patients with type 1 diabetes and elevate blood glucose levels in 

patients with type 2 diabetes (Dessi et al., 2013). 

Urzúa et al., (2012) observed and reported that blood glucose levels decreased, and 

glucose tolerance improved, in diabetic rats administered increasing doses of caffeine. 
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2.4    Coffee and Blood Glucose Level 

2.4.1 Coffee and blood glucose level in non-diabetics 

Recent scientific evidence has consistently linked regular, moderate coffee 

consumption with a possible reduced risk of developing type2 diabetes (WCPD, 2012). 

Coffee contains numerous substances; among them, caffeine, chlorogenic acid, 

quinides, and magnesium have been shown to affect glucose metabolism in animal 

(Robinson et al., 2004; Andrade-Cetto et al., 2001). Van Dam et al., (2002)   reported 

that coffee is a major source of caffeine, which has been shown to acutely reduce 

sensitivity to insulin, but also has potentially beneficial effects. They found that coffee 

consumption was associated with a substantially lower risk of clinical type 2 diabetes. 

In a work to find out the relationship between Green tea and total caffeine intake and 

the risk for self-reported Type2 diabetes, Hiroyasu et al. (2006) reported that 

consumption of green tea, coffee, and total caffeine was associated with a reduced risk 

for type 2 diabetes.  

 

The ingestion of caffeinated coffee with either a high or low glycemic index meal 

significantly impairs acute blood glucose management and insulin sensitivity compared 

with ingestion of decaffeinated coffee (Moisey et al., 2008). 

The work of Aramesh and Marshall (2003) on the other hand provided no evidence for 

a relationship between coffee consumption and risk of type 2 diabetes. 

Findings indicated that consumers who drink at least three or more cups of either 

caffeinated or decaffeinated coffee every day show a decrease in the risk of type II 

diabetes. It was found that caffeine-containing beverages were associated with a 
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decreased risk of type II diabetes. The mechanism responsible for this inverse 

relationship between caffeine containing beverage and the risk of diabetes includes 

basal energy expenditure, fat oxidation stimulation, glycogen mobilization in muscles, 

and stimulation of increased lipolysis from peripheral tissues (Hiroyasu et al., 2006). 

Van Dam et al.,(2004) presented results which indicated that tolerance to the adverse 

effects of high coffee consumption on insulin-glucose homeostasis does not develop 

within a 4-week period that their work last, they therefore suggested that it is premature 

to advocate high coffee consumption as a means to lower risk for type 2 diabetes. 

Long-term trials of coffee consumption that include detailed measures of insulin 

sensitivity and glucose metabolism are warranted to elucidate the apparent discrepancy 

with studies that observed an inverse association between habitual coffee consumption 

and risk for type 2 diabetes. 

2.4.2 Coffee and blood glucose level in diabetics 

Although coffee has been associated with a lowered risk of developing type 2 diabetes, 

it has also been claimed to have negative effects on diabetes patients, because the 

caffeine in regular coffee is capable of reducing insulin sensitivity and makes it 

difficult for patients with diabetes to control their blood glucose levels. Studies have 

shown that caffeine consumption increases blood glucose, but diabetes medication pills 

decrease blood glucose levels showing that the two counter-interact. Diabetes patients 

have trouble controlling their sugar level in their blood due to lack of insulin resistance 

hormone. Once in the human body, caffeine produces alloxan and either produces 

diabetes' conditions or worsens the existing diabetes (DeNoon, 2008). 
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Sadeek et al. (2010) found a significant decrease in serum glucose and insulin 

following administration of green, roasted and decaffeinated coffee, with the lowest 

glucose value observed with green coffee and with decaffeinated coffee for insulin. 

 

2.5       Caffeine and Lipid Profile 

2.5.1 Caffeine and lipid profile in non-diabetics.  

Onuegbu et al. (2001) found significant increases in the mean total serum cholesterol 

concentration and LDL- cholesterol concentration were observed in healthy human 

subjects after regular administration of caffeine. No significant differences were 

obtained in the mean HDL cholesterol concentration and in the mean serum triglyceride 

levels. 

Amany et al. (2012) found that green tea extract, epigallocatechin-3-gallate (EGCG) 

and caffeine induced different beneficial effects on lipid disorders in obese rats. 

Caffeine increased the effect of EGCG and green tea extract on lipid profile. It was 

observed that supplementation of caffeine in combination with EGCG or green tea 

extract enhance their effect on serum levels of lipid profile by decreasing total 

cholesterol, triglycerides and decrease LDL-cholesterol with concurrent increase in 

HDL-cholesterol level in obese rats. 

Grzegorzewska et al. (2009) reported that plasma concentration of HDL cholesterol 

was significantly higher in patients who were drinkers of caffeinated coffee compared 

to those who were nondrinkers. Also, the plasma concentration of LDL cholesterol was 

significantly lower in coffee drinkers than in nondrinkers of coffee. As a percentage of 

total cholesterol, HDL cholesterol was higher in coffee drinker. Serum total cholesterol 
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and serum triglycerides were not significantly different between the groups. Mahmoud 

et al. (2013) found that coffee consumption reduced total cholesterol and LDL-

cholesterol in rats and therefore concluded that it may be consumed in considerable 

amounts for reducing cholesterol problems. 

 

Lipolysis is another indicator of lipid metabolism, and greater lipolysis has frequently 

been observed after caffeine or coffee intake by human subjects. Investigators have 

used either plasma free fatty acids (FFA) or glycerol assays as indicators of lipolysis, 

and glycerol is considered the more reliable indicator. Several human studies found that 

an acute increase in lipolysis resulted from ingestion of caffeine, ground caffeinated 

coffee and instant caffeinated coffee. No increase in lipolysis was found after ingestion 

of decaffeinated coffee, instant decaffeinated coffee or ground decaffeinated coffee; 

these results derive from only one human study for each type of decaffeinated coffee 

(Greenberg et al., 2006).  

2.5.2 Caffeine and lipid profile in diabetics 

Sadeek et al., (2010) found that caffeine produced a significant increase in serum total 

cholesterol(TC); triacylglycerol (TAG); LDL-cholesterol; VLDL-cholesterol and in 

LDL\ HDL ratio and TC \ HDL ratio,  however a significant decrease in serum HDL-

Cholesterol was observed in diabetic rats compared to normal control . 

Green, roasted and decaffeinated coffee resulted in a significant decrease in 

triacylglycerol (TAG); LDL-cholesterol; VLDL-Cholesterol and in LDL\HDL ratio and 

TC \ HDL ratio. On the other hand a significant increase in serum HDL-cholesterol is 

observed in green, roasted and decaffeinated coffee groups compared to diabetic rats 
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with the highest value for green coffee. Non-significant effect on serum total 

cholesterol (TC) was reported in this study. 

 

2.6   Metformin and Blood Glucose Level in the Diabetics 

2.6.1 Metformin and blood glucose level in diabetics 

Ripudaman et al. (2000) reported that there was no significant change in body weight 

or plasma insulin levels in diabetes mellitus type 2 patients that were treated with 

metformin. It reduces fasting plasma glucose concentrations by reducing rates of 

hepatic glucose production, its effect on the relative contributions of hepatic 

glycogenolysis and gluconeogenesis remains controversial. Some studies conclude that 

metformin works mostly by reducing rates of gluconeogenesis; others, that it works by 

reducing rates of hepatic glycogenolysis. 

 

Marc et al. (2010) found that metformin inhibited cumulative glucose production 

stimulated by the cAMP analog dibutyryl-cAMP (Bt2-cAMP) in mouse primary 

hepatocytes, consistent with previous findings. Interestingly, the ability of metformin to 

suppress Bt2-cAMP–stimulated glucose production was maintained in primary 

hepatocytes lacking both AMPKα1 and -α2 catalytic subunits (AMPKα1α2-null 

hepatocytes) regardless of the gluconeogenic substrates used (lactate/pyruvate or 

dihydroxyacetone). 

Muharnniad et al., (2000) reported that metformin therapy significantly decreased 

fasting blood glucose levels in all type 2 diabetic patients. This result was explained by 

stating that Metformin alleviates hyperglycemia of type 2 diabetes by inhibiting hepatic 
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glucose production and improving peripheral insulin sensitivity. Metformin interferes 

with several processes linked to hepatic glucose production (gluconeogenesis, 

glycogenolysis and their regulatory mechanisms), lowering glucose production and re-

sensitizing the liver to insulin. The hepatic drug effect is largely favored by prevailing 

glycemia. In peripheral tissues, metformin potentiates the effects of both hyperglycemia 

and hyperinsulinemia. Increase in glucose—mediated glucose transport is mainly 

mediated by an improvement in the glucose transporter’s intrinsic activity. Potentiation 

of the hormone effect relates to an increase in insulin receptor tyrosine kinase activity. 

Both mechanisms (insulin signaling and glucose transport) result in the activation of 

glycogen synthase, a limiting enzyme in the causal defects of type-2 diabetes. This 

finding indicates that at metformin certainly has positive effect on these physiological 

mechanisms. 

Mourão-Júnior et al., (2006), found that glycemic control significantly improved after 

the addition of metformin to the treatment regimen of type 2 diabetes patients who were 

already on insulin. Kassem et al., (2009) stated that metformin lowers plasma glucose 

levels by suppressing hepatic gluconeogenesis and glycogenolysis, while increasing 

peripheral sensitivity to insulin. Its beneficial effects on glucose metabolism are not 

accompanied by weight gain, a clear advantage over other commonly used oral 

hypoglycemic agents. 
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2.7    Metformin and Lipid Profile in Diabetics 

2.7.1  Metformin and lipid profile in diabetics 

Studies suggest that controlling hyperglycemia, LDL-cholesterol and blood pressure 

are important to protect the diabetic from atherosclerosis. Low—density lipoprotein 

(LDL) cholesterol is a critically important factor in the development of atherosclerosis. 

Low-density lipoprotein (LDL) oxidation has been suggested to play a key role in the 

pathogenesis of atherosclerosis, a major complication of diabetes mellitus. High-

density lipoproteins (HDLs) appear to exert the greatest influence independently of 

other lipoproteins, with low-density lipoproteins (LDLs) having a weaker, though still 

significant independent relation with coronary heart disease (Muharnniad et al., 2000). 

Metformin treatment resulted in a 24% reduction in cholesterol and a 30% reduction in 

free fatty acid concentrations in plasma (Ripudaman, 2000). According to Salih et al., 

(2011), metformin produces a non-significant favorable effect on all lipids profile 

parameters. 

Muharnniad et al., (2000) reported that metformin decreased serum total cholesterol 

marginally. Serum total triglycerides concentration also decreased as well as Low—

density lipoproteins, and very-low density lipoprotein cholesterol. Whereas, high-

density lipoprotein cholesterol tended to increase while no significant changes occurred 

in body weight and body mass index.  

 

There was a statistically significant reduction of total cholesterol, waist circumference, 

and daily necessity of insulin. No changes were detected in HDL-cholesterol or blood 

pressure following simultaneous administration of metformin and insulin (Mourão-

Júnior et al., 2006). 
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Rojas et al. (2013) reported that metformin is associated with improvements in 

lipoprotein metabolism, including decreases in LDL-C, fasting and postprandial TGs, 

and free fatty acids. Metformin was also reported to probably have a neutral effect on 

body weight of patients with T2DM when compared to diet or may limit or decrease 

the weight gain experienced with sulfonylureas and insulin. The mechanisms by which 

metformin contributes to weight loss may be explained through the reduction in 

gastrointestinal absorption of carbohydrates and insulin resistance, reduction of leptin 

and ghrelin levels after glucose overload, and by induction of a lipolytic and anoretic 

effect by acting on glucagon–like peptide 1(Rojas et al., 2013).  The effect of 

metformin on lipid profile is favorable. It significantly reduces plasma triglyceride 

levels, a result related to improved glucose levels. Modest reduction in LDL levels was 

demonstrated with metformin therapy. However, analysis of 29 trials failed to 

demonstrate significant elevation in HDL levels with metformin (Kassem et al., 2009). 

 

2.8    Mechanism of Action of Caffeine 

Caffeine acts through various mechanisms of action. According to Davis (2003), 

caffeine manages to affect the body by stimulating the central nervous system (CNS). 

Its lipophilic properties grant caffeine entry through the blood brain barrier (BBB), 

where it interferes with adenosine receptors. There is a similarity between the 

molecular structures of caffeine and adenosine, a naturally occurring substance in the 

brain. 

 

This similarity allows caffeine to bind to the same receptor sites as adenosine. 

However, the binding of caffeine to an adenosine receptor site does not produce the 
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same effect as binding of adenosine to the receptor. Thus, caffeine is classified as an 

adenosine antagonist; a drug that attaches to a receptor and blocks the action of any 

other molecule trying to bind to the receptor site (Julien, 2005). The other mechanisms 

by which caffeine acts include mobilization of intracellular calcium and inhibition of 

specific phosphodiesterases both of which only occur at high non-physiological 

concentrations of caffeine. 

 

2.9     Mechanism of Action of Metformin 

Metformin is effective only in the presence of insulin, and its major effect is to decrease 

hepatic glucose output (Bailey, 1992; Bailey et al., 1996). In addition, metformin 

increases insulin-mediated glucose utilization in peripheral tissues (such as muscle and 

liver), particularly after meals, and has an anti-lipolytic effect that lowers serum free 

fatty acid concentrations, thereby reducing substrate availability for gluconeogenesis 

(Bailey et al., 1996). As a result of the improvement in glycemic control, serum insulin 

concentrations decline slightly. Metformin also increases intestinal glucose utilization 

via non-oxidative metabolism, at least in experimental animals (Bailey et al., 1996). 

The lactate produced by this process is largely metabolized in the liver as a substrate 

for gluconeogenesis (Bailey, 1992). The latter effect could protect against 

hypoglycemia. 

The molecular mechanisms of metformin action are not fully known. Activation of the 

enzyme AMP-activated protein kinase (AMPK) appears to be the mechanism by which 

metformin lowers serum lipid and blood glucose concentrations (Zhou et al., 2001). 

AMPK-dependent inhibitory phosphorylation of acetyl-coA carboxylases Acc1 and 

Acc2 then suppresses lipogenesis and lowers cellular fatty acid synthesis in liver and 
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muscle, which in turn improves insulin sensitivity and reduces blood glucose levels 

(Fullerton et al., Shaw 2013). 

2.10    Caffeine and Body Weight 

2.10.1 Effect of caffeine on body weight 

Urzúa et al. (2012) observed a weight loss in all the groups during the first 15 days of 

their study and over the 60 days after diabetes induction and administration of various 

dosages of caffeine, although there was no significant difference in weight loss over the 

course of the study, or between the caffeine-treated groups and the control group, at 15 

or 60 days. Lopez-Garcia et al., (2006) on the other hand, reported that increases in 

caffeine intake may lead to a small reduction in long-term weight gain. According to 

them, it seems possible that long-term coffee consumption may have a weak ability to 

help persons achieve weight loss, and that this weight loss may contribute toward 

reducing the risk of diabetes. Coffee was found to reduce body weight and may be 

beneficial for obese persons, it also decreases liver enzymes and this may be helpful in 

improving health status of hepatic patients (Mahmoud et al., 2013). 

Considerable evidence from studies in humans supports the hypothesis that coffee 

consumption induces weight loss by increasing thermogenesis. It has been estimated 

that a habitual consumption of 6 cups coffee (i.e, 600 mg caffeine/d) causes an increase 

in energy expenditure (EE) of ≈100 kcal/d, which could indeed lead to significant 

weight loss. This estimate does not apply equally to all types of coffee. EE has been 

found to be elevated for several hours after either injection of caffeine or ingestion of 

caffeine, ground caffeinated coffee, or instant caffeinated coffee. There is evidence that 

the increase in energy consumption is related to the dose of caffeine consumed. In 

addition, 24-h EE has been found to be raised by the ingestion of caffeine and instant-
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caffeinated coffee. Similarly, it has been shown that the thermic effect of food is 

increased by the ingestion of caffeine and instant-caffeinated coffee (Greenberg et al., 

2006).  

It has been suggested that caffeine and coffee consumption could help individuals lose 

weight by reducing body fat, possibly by increasing lipid metabolism. Using a lowered 

respiratory exchange ratio as an indicator of greater fat oxidation in human subjects, 

some investigators concluded that fat oxidation is increased in humans by consumption 

of caffeine and caffeinated coffee (Greenberg et al., 2006). 

 

2.11    Pathophysiology of Diabetes Mellitus 

Diabetes mellitus is a metabolic disorder characterized by chronic hyperglycaemia with 

disturbances of carbohydrate, fat and protein metabolism resulting from defects in 

insulin secretion, insulin action, or both (WHO, 2003). In type 2 diabetes, the body 

either produces inadequate amounts of insulin to meet the demands of the body or 

insulin resistance has developed. Insulin resistance refers to when cells of the body 

such as the muscle, liver and fat cells fail to respond to insulin, even when levels are 

high. In fat cells, triglycerides are instead broken down to produce free fatty acids for 

energy; muscle cells are deprived of an energy source and liver cells fail to build up 

glycogen stores. This also leads to an overall rise in the level of glucose in the blood. 

Glycogen stores become markedly reduced and there is less glucose available for 

release when it may be needed (Ananya, 2014).  
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In a healthy person, insulin is produced in response to the increased level of glucose in 

the bloodstream, and its major role is to control glucose concentration in the blood. 

What insulin does is, allowing the body cells and tissues to use glucose as a main 

energy source. Also, this hormone is responsible for conversion of glucose to glycogen 

for storage in the muscles and liver cells. This way, sugar level is maintained at a near 

stable amount (Ananya, 2014). 

 

In a diabetic person, there is an abnormal metabolism of insulin hormone. The actual 

reason for this malfunction differs according to the type of diabetes. Whatever the 

cause is, the body cells and tissues do not make use of glucose from the blood, resulting 

in elevated blood glucose (a typical symptom of diabetes called hyperglycemia). This 

condition is also exacerbated by the conversion of stored glycogen to glucose, i.e., 

increased hepatic glucose production. Over a period of time, high glucose level in the 

bloodstream can lead to severe complications, such as eye disorders, cardiovascular 

diseases, kidney damage, and nerve problems (Ananya, 2014). 

 

In Type 1 diabetes, the pancreas cannot synthesize enough amounts of insulin as 

required by the body. The pathophysiology of Type 1 diabetes mellitus suggests that it 

is an autoimmune disease, wherein the body's own immune system generates secretion 

of substances that attack the beta cells of the pancreas. Consequently, the pancreas 

secretes little or no insulin. Type 1 diabetes is more common among children and 

young adults (around 20 years). Since it is common among young individuals and 

insulin hormone is used for treatment, Type 1 diabetes is also referred to as Juvenile 

Diabetes or Insulin Dependent Diabetes Mellitus (IDDM) (WHO, 2003). 



 
 
 
 

25 
 

In case of Type 2 diabetes mellitus, the insulin hormone secreted by the beta cells is 

normal or slightly lower than the ideal amount. However, the body cells are not 

responding to insulin as they do in a healthy person. Since the body cells and tissues are 

resistant to insulin, they do not absorb glucose instead it remains in the bloodstream. 

Thus, the Type 2 diabetes is also characterized by elevated blood sugar. It is commonly 

manifested by middle-aged adults (above 40 years). As insulin is not necessary for 

treatment of Type 2 diabetes, it is known as Non-insulin Dependent Diabetes Mellitus 

(NIIDM) or Adult Onset Diabetes (Ningthouian, 2011). 

 

The third type of diabetes is called Gestational diabetes. As the term clearly suggests, it 

is exhibited by pregnant women. Over here, high level of blood glucose is caused by 

hormonal fluctuations during pregnancy. Usually, the sugar concentration returns to 

normal after the baby is born. However, there are also instances, in which it remains 

high even after childbirth. This is an indication for increased risks of developing 

diabetes in the near future. 

As already mentioned, the symptoms and effects of all the three forms of diabetes are 

similar. The noticeable symptoms include increased thirst (polydipsia), increased 

urination (polyuria), and increased appetite (polyphagia). Other diabetes signs and 

symptoms include excessive fatigue, presence of sugar in the urine (glycosuria), body 

irritation, unexplained weight loss, and dehydration. Elevated blood sugar and 

glycosuria are interrelated; when sugar amount in the blood is abnormally high, the 

reabsorption by proximal convoluted tubule is reduced, thereby retaining some glucose 

in the urine (Ningthouian, 2011). 
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CHAPTER THREE 

3.0         MATERIALS AND METHODS 

3.1       Animals 

A total of twenty five (25) male Wistar rats weighing between 140 – 180 grams were 

used for this research. The animals were purchased from the Animal House, 

Department of Human Physiology, Faculty of Medicine, Ahmadu Bello University, 

Zaria, Nigeria. The rats were housed in the Animal House of the Department of Human 

Physiology, Faculty of Medicine, Ahmadu Bello University, Zaria- Nigeria. The 

animals were kept in cages under normal environmental temperature and were fed with 

standard pellet diet and water given ad libitum. The rats were allowed to acclimatize to 

the laboratory environment for two weeks before the experiment commenced. 

3.2                                 Chemicals and Drugs  

The Caffeine, Metformin, Chloroform and Alloxan used for this study were all of 

analytical grades. The caffeine was manufactured by BDH Chemical Ltd, England. 

Metformin Hydrochloride was manufactured by Theon Pharmaceuticals Ltd, Vill. Saini 

Majra, Tehsil Nalagarh, India.  The Alloxan was manufactured by Sigma Chemical 

Company St. Louis, U.S.A. 

3.3     Experimental Design 

3.3.1  Induction of experimental diabetes mellitus 

The induction of diabetes mellitus was carried out as described by Katsumata et al., 

(1999). The animals were fasted for 16 hours with free access to water prior to the 

induction. Induction of diabetes was then carried out by single intra-peritoneal injection 

of alloxan monohydrate (Sigma St Louis, M.O., USA) dissolved in 0.9%v/v cold 
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normal saline solution at a dose of 150 mg/kg body weight. Rats were provided with 

5% glucose solution in place of water to counter alloxan- induced hypoglycemia due to 

insulin leakage from damaged beta cells (Adaramoye et al., 2006; Dhandapani et al., 

2002). Since alloxan is capable of producing fatal hypoglycemia as a result of massive 

pancreatic insulin release, rats were kept for the next 24hours on 5% glucose solution to 

prevent hypoglycemia. The rats were assessed for diabetes mellitus by determining the 

blood glucose concentration 72 hours after injection of alloxan, using blood from the 

tail by the glucose oxidase method and a portable glucometer (Accutrend Plus). All 

animals with blood glucose level above 200mg/dl were considered diabetic and 

therefore used for this study. 

3.3.2 Animal grouping 

After the induction of diabetes mellitus in the Wistar rats, the animals were randomly 

allotted into five groups consisting of experimental and control groups. Each group 

consisted of five diabetic Wistar rats. 

Group 1 (5):   

Diabetic control Wistar rats that received distilled water only. 

Group 2 (5): 

Diabetic Wistar rats that were administered 25mg/kg caffeine. 

Group 3 (n=5): 

Diabetic Wistar rats that were administered 50mg/kg caffeine. 
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Group 4 (n=5): 

Diabetic Wistar rats administered with 100mg/kg caffeine (modification of Silverman, 

1978). 

Group 5 (n=5): 

 Diabetic Wistar rats administered with 300mg/kg metformin (positive control, Duze et 

al., 2012). 

 

3.4           Determination of Weights 

The weights of animals were measured on the first day of the experiment after 

induction of diabetes and subsequently at an interval of 1and 2 week after 

commencement of treatment, using a digital spring balance. 

3.5     Sample Collection 

Blood glucose levels of each group was determined after single oral dose of caffeine 

(50mg/kg, modification of Silverman’s,1978), metformin (300mg/kg, Duze, 2012), and 

distilled water at 0, 0.5, 1 and 2 hour post-treatment by glucose oxidase method, using a 

portable glucometer, with blood obtained via tail vein. 

 

For the long term effects of caffeine, diabetic rats were orally treated daily with either 

distilled water, 300mg/kg metformin, 25mg/kg, 50mg/kg or 100mg/kg caffeine for a 

total period of two weeks (Silverman, 1978, modified). All treatments were given by 

oral gavage using a 16G feeding needle. 
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On the final day, all animals were weighed and blood glucose levels determined using a 

portable glucometer and blood obtained via tail vein. Animals were then deeply 

anesthetized by chloroform inhalation and blood collected into tubes for biochemical 

tests by cardiac puncture. Fasting blood glucose levels and weight of each group were 

determined weekly for the two weeks. 

3.6           Determination of Blood Glucose Levels 

For the acute study, blood samples for the determination of glucose levels were 

collected from the tail of the rats at an interval of 0, 0.5, 1 and 2 hr.  Also, using the 

same method, blood glucose levels were measured at an interval of 0, 1 and 2 week, for 

the chronic study. The glucose-oxidase principle was used (Beach and Turner, 1958), 

using the portable digital glucometer (Accutrend Plus ®). The results were expressed in 

mg/dl (Katsumata et al., 1999). 

3.7      Determination of Lipid Profile 

3.7.1  Evaluation of serum total cholesterol (TC) 

The plasma cholesterol was determined by the hydrolysis of cholesterol esters to free 

cholesterol. The free cholesterol was then oxidized by cholesterol oxidase to cholesten-

4 en-3-one with the simultaneous production of hydrogen peroxide. The hydrogen 

peroxide reacts with 4-aminoantipyrine and phenolic compound in the presence of 

peroxidase to yield a coloured complex which was read at 505nm. The intensity of 

colour produced is directly proportional to the concentration of total cholesterol in the 

plasma (Allain et al., 1974). 

 

3.7.2 Evaluation of serum triglycerate (TG) 
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The triglycerol (TG) was determined after enzymatic hydrolysis with lipases. 

Triacylglycerols are hydrolysed by lipases to glycerol and free fatty acids (FFA). The 

glycerol reacts with adenosine triphosphate (ATP) to form glycerol-3-phosphaate and 

adenosine diphosphate (ADP) under the influence of glycerol kinase (GK). Glycerol-3-

phosphate is oxidized by glycerol phosphate oxidase (GPO) to dihydroxyacetone and 

hydrogen peroxide. Hydrogen peroxide then combined with 4-aminoantipyrine to form 

quinoeimine (coloured compound). The coloured complex was read at a wavelength of 

500nm (Tietz, 1994). 

 3.7.3 Evaluation of high density lipoprotein (HDL) 

HDL-L reagent is produced by using a combination of detergents and phosphorous 

compounds which specifically bind LDL, VLDL and chylomicron (CM) but not HDL. 

The combination protects LDL, VLDL and CM from the reaction by cholesterol 

esterase and cholesterol oxidase. Consequently HDL-cholesterol was selectively 

exposed to react with both enzymes.  

3.8        Data Analysis 

 Data obtained from the study were expressed as mean ± SEM. The differences 

between the groups were analyzed by one-way analysis of variance (ANOVA) 

followed by post hoc multiple comparison tests of Tukey using SPSS statistical tool 

version 19. Values of p < 0.05 were considered significant. 

 

 

CHAPTER FOUR 

4.0       RESULT 
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4.1      Physical Observations 

Following the induction of diabetes mellitus, it was observed that the frequency of 

urination by the rats increased and the beddings in the cages had to be changed at a 

more frequent rate. It was also observed that the animals drank water more frequently 

too. 

4.2     Effect of Caffeine on Blood Glucose  

4.2.1  Acute and chronic effects of caffeine on blood glucose level in diabetic rats 

Table 4.1.1 shows that caffeine given at a dose of 25 mg/kg significantly (p<0.05) 

increased the blood glucose levels in alloxan-induced diabetic Wistar rats 2 hours 

following administration. Also, 2 hours after the administration, caffeine at a dosage of 

100mg/kg produced a significant (p< 0.05) increase in blood glucose level when 

compared with the negative control group that was given distilled water. The increases 

observed 0.5 hour and 1 hour after the administration of caffeine were not statistically 

significant (p < 0.05). No significant changes were observed between the various 

caffeine groups and the control group 0.5 hour and 1 hour following administration. 

Caffeine at 50 mg/kg produced no statistically significant (p˃0.05) changes at all 

intervals. Metformin on the other hand produced a significant (p< 0.05) mean decrease 

in blood glucose level after 2 hours of administration compared with the control. 

 

For the sub-chronic study, caffeine at a dose of 25 mg/kg produced a significant 

(p<0.01) increase in blood glucose level after 2 weeks of daily administration. The 

mean changes seen in other dosages of 50 mg/kg and 100 mg/kg respectively were 

found not to be statistically significant (p˃0.05) following administration for 2 weeks. 

However, there was a significant (p<0.05) difference between the mean increases in 
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blood glucose levels of rats that received 25 mg/kg and those that received 50 mg/kg 

caffeine. See appendix 1 on page 65 for the chart which shows the trend and 

fluctuations in blood glucose over the course of the first 2 hours and the 2 weeks 

duration that the experiment lasted. 

Again, metformin at a dose of 300 mg/kg was found to produce a significant (p<0.001) 

decrease in mean difference in the blood glucose levels when compared with the 

control group and with diabetic rats that received 25 mg/kg caffeine. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Tab 4.2.1: Acute and sub-chronic effects of caffeine on blood glucose level in 

diabetic Wistar rats.  
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Groups 

MEAN ± SEM 

0hr 0.5hr 1hr 2hr 1week 2weeks 

 

Control 

 

228.40 ± 2.89 

 

229.20 ± 3.51 

 

223.40 ± 3.86 

 

222.00 ± 4.96 

 

201.80 ± 3.57 

 

206.00 ± 2.39 

Metformin 227.20 ± 2.85 216.60 ± 2.94 218.00 ± 8.87 198.20 ± 4.89  ˃ 203.60 ± 5.06 183.40 ± 

3.89  ˃

Caffeine 

(25mg/kg) 

227.60 ± 6.46 232.00 ± 17.56 229.80 ± 13.75 239.80 ± 16.96 

 ˃ 

205.60 ± 3.26 240.80±17.28

 ˃ 

Caffeine 

(50mg/kg) 

228.80 ± 2.52 231.20 ± 8.54 245.80 ± 12.66 231.40 ± 6.74 210.00 ± 7.79 205.00 ± 3.36 

Caffeine 

(100mg/k) 

233.80 ± 7.25 237.40 ± 13.84 233.40 ± 13.00 247.20 ± 11.93 

 ˃

208.20 ± 7.20 218.00 ± 4.24 

Where * = significance (p<0.05). and n= 5 (SPSS V.19) 
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4.3     Effect of Caffeine on Lipid Profile 

 4.3.1  Triglycerides (TG) 

Figure 4.3.1 shows the levels of triglyceride in the control, metformin and caffeine 

groups. The results indicated that only animals in the 100 mg/kg group showed 

statistical significant (p< 0.05) difference in triglyceride levels when compared with 

those in the control group. All other groups did not show significant (p˃0.05) 

difference in the mean triglyceride levels on comparison with the control. 
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Figure 4.3.1 Effect of caffeine on triglyceride in alloxan-induced diabetic   

Wistar rats at the end of 2 weeks of administration. 
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4.3.2 Total Cholesterol 

Figure 4.3.2 indicated that metformin produced a significant (p< 0.05) reduction in 

blood cholesterol levels when compared with the control group. Also, caffeine, at a 

dose of 25 mg/kg body weight was found to reduce blood cholesterol levels when 

compared with the results from the control group. This reduction was however not 

statistically significant (p 0˃.05). Caffeine, at a dose of 100 mg/kg body weight, 

however, was found to have produced an increase in the levels of cholesterol 

significantly (p< 0.05) on comparison with the group that received metformin. 

 

The difference between the cholesterol levels in rats which received different dosages 

of caffeine was found not to be statistically significant (p˃0.05). That is, when the 

cholesterol levels in animals that received caffeine at 50 mg/kg were compared with 

those that received caffeine at 100 mg/kg body weight, the levels of cholesterol were 

not different. 
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Figure 4.3.2 Effect of caffeine on cholesterol in alloxan-induced diabetic Wistar 

rats at the end of 2 weeks of administration 
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4.3.3 High density lipoproteins (HDL) 

Figure 4.3.3 show that caffeine at the various dosages of 25mg/kg (0.21 ± 0.01), 

50mg/kg (0.25 ± 0.02) and 100mg/kg (0.18 ± 0.02) lowered HDL for animals in all the 

groups as compared with those of the animals in the control group (0.26 ± 0.02). These 

reductions were not significant, however. Metformin on the other hand produced a 

reduction in the levels of HDL when compared with the control group. Again, these 

reductions were found not to be statistically significant (p  ˃0.05). 
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Figure 4.3.3 Effect of caffeine on HDL in alloxan-induced diabetic  

Wistar rats at the end of 2 weeks of administration. 
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4.3.4 Lower density lipoprotein (LDL) 

Figure 4.2.4 indicate that caffeine at higher dosages of 50 mg/kg and 100 mg/kg body 

weight, produced slight increases in the levels of LDL when compared with the control 

group. Metformin on the other hand produced a significant (p< 0.05) reduction in the 

LDL levels when the results of the animals that received metformin were compared 

with those that received distilled water. Similarly, caffeine administered at 25mg/kg 

also produced a non-significant (p  ˃ 0.05) reduction in the LDL levels as compared 

with those that received distilled water. 

See appendix 2 on page 66 for details on the effect of caffeine on lipid profile of 

diabetic rats at the end of two weeks of administration. 
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Figure 4.3.4 Effect of caffeine on LDL in alloxan-induced diabetic  
Wistar rats at the end of 2 weeks of administration. 
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4.4    Effect of caffeine on body weight 

Fig 4.4 below indicates that the average changes in weights of the animals in each 

group and between the various groups were not statistically significant (p  ˃ 0.05) in 

comparison with the control. 

Appendix 3 on page 67 shows variations in weight of diabetic rats after the 2 weeks of 

caffeine administration.  
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Figure  4.4 Effect of caffeine on body weight of alloxan-induced diabetic  
Wistar rats over an interval of 2 weeks 
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CHAPTER FIVE 

5.0     DISCUSSION  

The results indicated that caffeine given at a dose of 25 mg/kg significantly increased 

the blood glucose levels in alloxan-induced diabetic Wistar rats 2 hours following 

administration on comparison with the control. Also, 2 hours after the administration, 

caffeine at a dosage of 100mg/kg produced a significant increase in blood glucose level 

when compared with the negative control group that was given distilled water. This 

finding was consistent with that of Lane et al. (2004) who reported that acute 

administration of caffeine impaired postprandial glucose metabolism in diabetic 

patients. They concluded that daily consumption of caffeinated beverages with meals 

could produce higher average glucose levels that increase the risk of diabetes 

complications. 

 

Again, caffeine intake has also been proposed to increase symptomatic warning signs 

of hypoglycemia in patients with type 1 diabetes and elevate blood glucose levels in 

patients with type 2 diabetes (Dessi et al., 2013). The significant elevation observed in 

this study is in line with the findings of Dessi et al. (2013) in human subjects. Gerben et 

al., (2002) explained that caffeine can decrease insulin sensitivity in healthy humans, 

possibly as a result of elevated plasma epinephrine levels. Caffeine can directly 

antagonize adenosine receptors in many tissues including tissues in the central nervous 

and cardiovascular systems and skeletal muscle and adipose tissue. This could result in 

a multitude of responses including adrenaline secretion, altered blood flow and 

lipolysis (Terry et al., 2000). Contrary to this, Battram et al., (2005) believed that acute 
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caffeine ingestion does not affect endogenous glucose production and that caffeine's 

attenuation of insulin-mediated, whole-body glucose disposal is not attributed to the 

small increase in adrenaline concentration alone. Additional mechanisms, possibly 

adenosine receptor antagonism, must be involved.  

 

Previous works have shown that caffeine is capable of increasing the rate of glucose 

transport in the absence of insulin in rodent skeletal muscle using a rat model. Caffeine 

is believed to alter blood glucose levels by enhancing glucose tranporter-4 (Glu-4) 

mRNA. Caffeine is thought to predominantly activate the cyclic AMP-dependent 

protein kinase α-1isoform (α-1cAMP) by means of an insulin independent mechanism. 

An alternative mechanism could be that caffeine acts as an antagonist of adenosine A1 

receptors. Antagonism of these receptors has been shown to improve glucose tolerance 

in rats (Urzua et al., 2012). 

 

The result of this study also indicated non- significant changes in blood glucose levels 

between the various caffeine groups and the control group 0.5 hour and 1 hour 

following administration. This may be explained to be due to the time interval between 

administration, absorption as well as onset of action of caffeine after oral 

administration. 

 

Contrary to the increases observed in this study, Urzúa et al. (2012) observed and 

reported that blood glucose levels decreased, and glucose tolerance improved, in 

diabetic rats administered increasing doses of caffeine. 
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Metformin on the other hand produced a significant (p< 0.05) mean decrease in blood 

glucose level after 2 hours of administration compared with the control. This result is 

consistent with the expected outcome since metformin is a standard hypoglycemic 

agent.This result was explained by stating that Metformin alleviates hyperglycemia of 

type 2 diabetes by inhibiting hepatic glucose production and improving peripheral 

insulin sensitivity. Metformin interferes with several processes linked to hepatic 

glucose production (gluconeogenesis, glycogenolysis and their regulatory 

mechanisms), lowering glucose production and re-sensitizing the liver to insulin 

(Muharnniad et al., 2000). 

 

In the long term, caffeine at a dose of 25 mg/kg produced a significant increase in 

blood glucose level after 2 weeks of daily administration when compared with the 

control group. The mean increases seen in other dosages of 50 mg/kg and 100 mg/kg 

respectively were found not to be statistically significant following administration for 2 

weeks. After 2 weeks of administration, there was a significant difference in the mean 

increases in blood glucose levels of rats that received 25 mg/kg and those that received 

50 mg/kg caffeine. 

The results of this study indicated that animals in the control group showed no 

significant difference in triglyceride levels when compared with 25 mg/kg and 50 

mg/kg caffeine groups. 100 mg/kg caffeine however produced a statistical significant 

increase in the level of triglyceride.  

 

From these results, it appears like the level of triglyceride is influenced by the dose of 

caffeine. Higher dosages tend to produce higher levels of triglyceride. This is more so 
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as the levels of triglyceride and free fatty acids have been closely associated with level 

of lipolysis, a process which caffeine has been reported to promote (Greenberg et al., 

2006). The increased level of triglyceride seen in this study is consistent with the 

finding of Sadeek et al., (2010). Sadeek et al., (2010) found that caffeine produced a 

significant increase in serum total cholesterol as well as   triacylglycerol in diabetic rats 

compared to normal control. 

 

On the contrary to the above, Onuegbu et al., (2001) reported no significant differences 

in the mean serum triglyceride levels in healthy humans, again this difference can be 

attributed to variation in species used. 

 

Amany et al., (2012) found that green tea extract, epigallocatechin-3-gallate (EGCG) 

and caffeine induced different beneficial effects on lipid disorders in obese rats. 

Caffeine increased the effect of EGCG and green tea extract on lipid profile. It was 

observed that supplementation of caffeine in combination with EGCG or green tea 

extract enhance their effect on serum levels of lipid profile by decreasing triglycerides 

in obese rats. 

The results of this study revealed that caffeine, at a dose of 25 mg/kg was found to 

produce a non-significant reduction in blood total cholesterol levels when compared 

with the results from the control group.  

 

Mahmoud et al., (2013) found that coffee consumption reduced total cholesterol and 

LDL-cholesterol in non-diabetic rats and therefore concluded that it may be consumed 
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in considerable amounts for reducing cholesterol problems. This probably explains why 

the reduction observed in this study, though not statistically significant, was seen in the 

considerable dosage of 25mg/kg but not in other higher dosages. 

 

On the contrary however, Sadeek et al., (2010) found that caffeine produced a 

significant increase in serum total cholesterol (TC) in diabetic rats. Also, Onuegbu et 

al., (2001) found significant increases in the mean total serum cholesterol concentration 

and LDL- cholesterol concentration in healthy human subjects. 

Certain previous studies have also reported that serum total cholesterol and serum 

triglycerides were not significantly different between drinkers and non-drinkers of 

caffeinated coffee (Grzegorzewska et al., 2009, Salih et al., 2011). Metformin on the 

other hand, produced a significant reduction in serum cholesterol levels when compared 

with the control group. 

The results of this study show that caffeine at the various dosages of 25mg/kg, 50mg/kg 

and 100mg/kg lowered HDL for animals in all the groups as compared with those of 

the animals in the control group. These reductions were not significant, however. 

 

On the contrary, previous study by Sadeek et al., (2010) however indicated a significant 

decrease in serum HDL-Cholesterol in diabetic rats compared to normal control. This 

finding is significant in that these results are similar and the slight deviation may be 

attributed to the duration of administration which was longer (4 weeks) in the previous 

study compared with the present (2 weeks). 
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Onuegbu et al., (2001) on the other hand, in another study, reported that no significant 

differences were seen in the mean HDL cholesterol concentration when healthy humans 

were administered caffeine over a period of time.  

Grzegorzewska et al. (2009) reported that plasma concentration of HDL cholesterol 

was significantly higher in patients who were drinkers of caffeinated coffee compared 

to those who were nondrinkers. 

 

Metformin on the other hand produced a reduction in the levels of HDL when 

compared with the control group. Again, these reductions were found not to be 

significant.   This finding is similar and consistent with that of Mourão-Júnior et al., 

(2006). They reported that there was a statistically significant reduction of total 

cholesterol, waist circumference, and daily necessity of insulin. No changes were 

detected in HDL-cholesterol or blood pressure following simultaneous administration 

of metformin and insulin (Mourão-Júnior et al., 2006). Also, Salih et al., (2011) 

reported that metformin produces a non-significant favorable effect on all lipids profile 

parameters affirming the finding of the current study. 

The results of the current study indicates that caffeine at higher dosages of 50 mg/kg 

and 100 mg/kg body weight, produced slight increases in the levels of LDL when 

compared with the control group.  

 

Metformin on the other hand produced a significant (p< 0.05) reduction in the LDL 

levels when the results of the animals that received metformin were compared with 

those that received distilled water. Again, the current finding is in line with that of 

Sadeek et al., (2010) who found that caffeine produced a significant increase in serum 
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LDL-cholesterol in diabetic rats. Although the increases seen in the current study were 

not significant, the discrepancies may be attributed to dosages used and the length of 

duration over which caffeine was administered. Similarly, Onuegbu et al., (2001) found 

significant increases in the mean total serum cholesterol concentration and LDL- 

cholesterol concentration were observed in healthy human subjects after regular 

administration of caffeine. 

 

On the contrary, coffee consumption has been consistently revealed a reduction in 

LDL-cholesterol in rats and in humans alike (Mahmoud et al., 2013; Grzegorzewska et 

al., 2009). 

 

Rojas et al., (2013) reported that metformin is associated with improvements in 

lipoprotein metabolism, including decreases in LDL-C, fasting and postprandial TGs, 

and free fatty acids. This is in consonance with what was observed in the current study. 

Low-density lipoprotein (LDL) oxidation has been suggested to play a key role in the 

pathogenesis of atherosclerosis, a major complication of diabetes mellitus. High-

density lipoproteins (HDLs) appear to exert the greatest influence independently of 

other lipoproteins, with low-density lipoproteins (LDLs) having a weaker, though still 

significant independent relation with coronary heart disease (Muharnniad et al., 2000). 

After two weeks of administration, the results of the effect of caffeine on the weight of 

diabetic Wistar rats in the current study indicated that the changes observed in the 

weights of the animals across and between the groups are not statistically significant 

(p  ˃0.05). Although 100mg/kg caffeine produced a non-significant slight decrease in 

weights between the first and the second week of the study, this finding is in agreement 
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with that of Urzúa et al., (2012) who also observed a weight loss in all the groups 

during the first 15 days of their study and over the 60 days after diabetes induction and 

administration of various dosages of caffeine, there was no significant difference in 

weight loss over the course of the study too. In healthy individuals, considerable 

evidence from studies in humans supports the hypothesis that coffee consumption 

induces weight loss by increasing thermogenesis. It has been estimated that a habitual 

consumption of about 600 mg caffeine/day causes an increase in energy expenditure, 

which could indeed lead to significant weight loss. 

 

The result of the current study is consistent with earlier study done by Ripudaman et 

al., (2000) who reported that there was no significant change in body weight in diabetes 

mellitus type 2 patients that were treated with metformin. Kassem et al., (2009) also 

concurred by stating that metformin’s beneficial effects on glucose metabolism are not 

accompanied by weight gain, and that this appears to be a clear advantage over other 

commonly used oral hypoglycemic agents. Again, Muharnniad et al., (2000) reported 

that metformin produced no significant changes in body weight and body mass index. 

Metformin was also reported to probably have a neutral effect on body weight of 

patients with T2DM when compared to diet or may limit or decrease the weight gain 

experienced with sulfonylureas and insulin. 

 

The mechanisms by which metformin contributes to weight loss may be explained 

through the reduction in gastrointestinal absorption of carbohydrates and insulin 

resistance, reduction of leptin and ghrelin levels after glucose overload, and by 
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induction of a lipolytic and anoretic effect by acting on glucagon–like peptide 1 (Rojas 

et al., 2013).   

The increases in the frequency of urination with the associated polydipsia are consistent 

symptoms associated with diabetes mellitus. The noticeable symptoms include 

increased thirst (polydipsia), increased urination (polyuria), and increased appetite 

(polyphagia). Other diabetes signs and symptoms include excessive fatigue, presence of 

sugar in the urine (glycosuria), body irritation, unexplained weight loss, and 

dehydration (Ningthouian, 2011). 

 

Again, the increased frequency in urination observed in this study may also be 

attributed to the ability of caffeine to increase the glomerular filtration rate and inhibit 

the tubular reabsorption of sodium and water thereby resulting into diuresis and 

natriuresis (Milon et al., 1988; Maughan et al; 2003; Rieg et al., 2004). 
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CHAPTER SIX 

6.0  SUMMARY, CONCLUSION AND RECOMMENDATIONS 

6.1    Summary and Conclusion  

In summary, the results of this work revealed that alloxan is capable of inducing 

diabetes mellitus by destroying insulin producing β cells in Wistar rats. 

This study shows that acute administration of caffeine is capable of increasing blood 

glucose levels in diabetic rats. On the long term effect, caffeine consumption at 

moderate quantities (25 mg/kg), raised blood glucose levels in diabetic rats. The results 

indicated possibility of habituation at higher dosages over a prolong period of time. The 

mechanism(s) by which this elevation in blood glucose is achieved is possibly by 

elevation in epinephrine levels activation of the cyclic AMP-dependent protein kinase 

α-1isoform (α-1cAMP) by means of an insulin independent mechanism, or by 

antagonism of adenosine receptors or even through the combination of these. 

 

The results of this study also revealed that caffeine has variable effects on the lipid 

profile of diabetic rats. It shows that caffeine at higher dosages of 50 mg/kg and 100 

mg/kg produced increases in plasma triglyceride levels. At moderate (considerable) 

dosages, caffeine decreased serum cholesterol levels. At all the dosages in this study, 

caffeine lowered blood HDL levels. Caffeine, at dosages of 50 mg/kg and 100 mg/kg, 

produced increases in the serum LDL levels. 

This study shows that caffeine has no effect on the body weight of diabetic rats after 

daily administration over the course of two weeks. 
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6.2     Recommendations 

Based on the findings of this study, the following recommendations are therefore 

suggested: 

 Other doses of caffeine should be used for similar study for a longer duration to 

better assess its long term effects. 

 Future similar study on the effect of caffeine on blood glucose levels should 

include measurement of insulin levels following administration of different 

doses. 

 Other future similar study on the effect of caffeine on blood glucose levels and 

lipid profile should be done on normo-glycemic rats. 

 Similar future study should include the effect of caffeine on important organs 

such as the liver that are capable of upsetting blood glucose levels. 
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APPENDICES 

Appendix 1: Effect on caffeine on blood glucose levels in the course of first two 

            hours and at the end of each week for a period of two weeks 
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Appendix 2: Effect of caffeine on lipid profile of diabetic rats at the end of two   

             weeks of administration 

 

 

Groups 

MEAN ± SEAM 

CHOL TRIG HDL LDL 

Control 1.47 ± 0.13 0.98 ± 0.17 0.26 ± 0.02 0.77 ± 0.09 

Metformin 1.03 ± 0.52* 0.97 ± 0.06 0.20 ± 0.03 0.39 ± 0.05 

Caffeine 

 (25mg/kg) 

1.34 ± 0.14 0.96 ± 0.15 0.21 ± 0.01 0.70 ± 0.14 

Caffeine 

 (50mg/kg) 

1.20 ± 0.31 0.80 ± 0.07 0.25 ± 0.02 0.81 ± 0.14 



 
 
 
 

65 
 

 

Caffeine 

(100 mg/kg) 

1.62 ± 0.85 1.39 ± 0.36 0.18 ± 0.02 0.79 ± 0.19 
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Appendix 3: Effect of caffeine on body weight of diabetic rats after two weeks of 

           administration Weights 

 

 

 

 

 

 

 

Groups 
MEAN ± SEAM 

0 week 1 week 2weeks 

 

Control 

 

158.20 ± 9.27 

 

163.80 ± 8.63 

 

168.40 ± 8.80 

Metformin 142.60 ± 8.85 147.40 ± 8.00 147.60 ± 7.28 

Caffeine (25mg/kg) 162.40 ± 6.02 169.60 ± 6.15 177.40 ± 5.17 

Caffeine (50mg/kg) 143.40 ± 12.81 150.60 ± 12.67 155.40 ± 15.70 

Caffeine(100 

mg/kg) 

184.60 ± 11.27 196.60 ± 9.29 189.20 ± 13.50 


