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ABSTRACT

Alcohol is a widely used psychoactive drug that is safe when consumed
moderately. However, overindulgence results in hangover and multiple organ
injury. On the other hand paracetamol is a non-steroidal anti-inflammatory drug
that is widely used for management of pain and fever. At therapeutic doses, the
drug is well tolerated, however, overuse is associated with hepatotoxicity. Due to
its safety and efficacy, paracetamol is widely misused in management of hangover
among regular consumers of alcohol. In spite of the potential health risks of the
combined use of the two drugs, there is limited scientific data on their interaction.
This study was therefore conceived with the aim to provide clarity on the effects
of the interaction of the two drugs on the biological systems in a rat model. The
animals were divided into twelve groups. The negative and positive controls
received distilled water and alcohol, respectively. Alcohol was administered at
2.5, 3.5 and 4.5 g/kg orally for 4 weeks. While paracetamol was given at doses of
40 and 400 mg/kg. Half of the groups received combined doses of the two drugs.
Hematological and blood chemistry were determined using auto-analyzers while
histostructure was scored under light microscopy. The output data was analyzed
using Minitab software. Comparison of weight, hematological and biochemistry
values were done using one way ANOVA followed by Tukey’s test as the post
hoc test. Alcohol and paracetamol caused changes in the physical characteristics
of rats but the effect was non additive. In the case body weight, alcohol induced a
dose and time dependent gain but for the combined drugs the effect was mixed.
Conversely, alcohol and paracetamol did not affect (p > 0.05) the hematological
profiles of the experimental animals and by extension had no influence on the
bone marrow and immune system activity. In analyses of blood chemistry, the
drugs resulted in a dose dependent elevation of liver enzymes, bilirubin, urea,
reduced albumin levels and various degrees of liver and renal pathology. Thus, in
moderate doses, paracetamol is safe, but high doses of the drug and chronic use of
alcohol is hepatotoxic. It is as well inferred that AST/ALT index is a more
predictive tool for alcohol exposure and liver injury since all alcohol treated
groups had ratios above the normal value. Individually alcohol and paracetamol
had a low risk of renal damage but when used together the risk is increased. In
conclusion, heavy use of alcohol and regular use of paracetamol in management
of alcohol induced hangover are discouraged as this can increase the risk of liver
and kidney diseases.



CHAPTER ONE

INTRODUCTION

1.1  Background information

Alcohol is one of the most popular psychoactive drug that is legally available. The
drug is often consumed to produce pleasurable effects such as loss of inhibition,
euphoria, sedation and mild anaesthesia (Paton, 2005; Vengelien et al., 2008).
Moderate consumption of alcohol has beneficial effects such as lowered risk of
developing diabetes, liver and heart diseases (Ruhl and Everhart, 2003; loannou et
al., 2006; George and Figueredo, 2010). However, excessive usage has serious
negative health, social and economic consequences (Hingson et al., 2006; Silva et

al., 2015).

The most important clinical manifestation of chronic alcohol abuse is alcoholic
liver disease (ALD). The condition encompasses a range of disorders including
alcoholic fatty liver (steatosis), alcoholic hepatitis and alcoholic cirrhosis (Seitz
and Becker, 2007). Alcoholic fatty liver occurs as a result of increased
NADH/NAD" ratio which promotes free fatty acids and triglyceride synthesis
while inhibiting beta-oxidation of free fatty acids (Maher, 2002; Albano, 2006).
Alcohol also causes induction of cytochrome P450 (CYP2EL) and subsequent
production of reactive oxygen species (Saetre et al., 2007). The reactive oxygen

species reduce antioxidant glutathione and stimulates hepatic stellate cells that are



responsible for the fibrosis and hence cirrhosis (Lieber, 2004; Friedman, 2008).
Other mediators of alcoholic hepatitis and cirrhosis include acetaldehyde adducts,

inflammatory cytokines and endotoxins (Jampana and Khan, 2011).

Chronic abuse of alcohol has also been implicated in kidney damage (Massey et
al., 2015). In rats, alcohol has been reported to produce significant renal
dysfunction and abnormalities in morphological structure (Van Thiel et al., 1977;
Onyango et al., 2017). The kidney is susceptible to alcohol-induced oxidative
damage because it has high content of long-chain polyunsaturated fatty acids

which promote lipid peroxidation (Das and Vasudevan, 2007; Das et al., 2008).

Paracetamol is a non-steroidal anti-inflammatory drug (NSAID) that is widely
used to treat pain and fever. At therapeutic doses, paracetamol is well tolerated
and has lower incidences of adverse effects compared to other NSAID such as
aspirin (Hyllested et al., 2002). However, over dosage of the drug has been
reported to cause liver and kidney diseases and even death (Ganey et al., 2007;
Abdel-Zaher et al., 2007; Daly et al., 2008). Due to its safety paracetamol is

widely misused for the relief of alcohol induced hangover symptoms.

Studies on the combined effects of alcohol and paracetamol are controversial.
Some reports suggest that paracetamol at therapeutic doses is safe and effective

even in chronic alcoholics (Kuffner et al., 2001; Graham et al., 2005). However,



other reports suggest that the drug can cause liver and kidney diseases in patients
who are glutathione depleted or who take drugs such as alcohol that stimulate the
cytochrome P450 enzymes (Blakely and McDonald, 1995; Dart et al., 2000). A
major gap in these studies is that they have focused on the individual effects, but
overlooked the combined effects of alcohol and paracetamol on the liver, and
kidney function. In addition, there is limited information on the effects of these
drugs on other biological systems. Lastly, the dose relationship between alcohol
and paracetamol is also unclear. There is, therefore, need to conduct a well
controlled study that examines the relationship between paracetamol and alcohol
interaction on the physical parameters, hematological profile and the functions of

the liver and kidney in a rat model.

1.2 Problem statement and justification

At therapeutic doses paracetamol has lower incidences of adverse effects.
However, in patients with compromised liver function, even therapeutic doses of
paracetamol can be toxic. Chronic and excessive usage of alcohol is known to
cause multiple organ injury that increases the risk of developing hypertension,
diabetes, cancer and heart, kidney and liver diseases (Santolaria et al., 2003;
Turati et al., 2012; Reynolds, 2012). Most habitual consumers of alcohol do
regularly use paracetamol to relieve the hang over symptoms and this is likely to

place them at greater risks of developing more health complications.



There is limited information on the effects of combined use of alcohol and
paracetamol on the biological systems. Therefore, this study aims to investigate
that relationship with the hope of elucidating the interaction between the two
drugs. The data generated will allow inference to be made about the safety of

chronic use of paracetamol in habitual alcohol drinkers.

1.3 Research questions

i)  What are the effects of individual and combined use of alcohol and
paracetamol on blood cells?
i)  What are the effects of individual and combined use of alcohol and
paracetamol on the structure and function of the liver?
iii)  What are the effects of individual and combined use of alcohol and

paracetamol on the structure and function of the kidney?

1.4 Hypothesis

When given separately alcohol and paracetamol are less toxic than when used

together.

1.5  Objectives

1.5.1 General objective

To determine the systemic effects of alcohol and paracetamol on an animal

model.



1.5.2 Specific objectives

D)

To compare the effects of individual and combined treatments of alcohol
and paracetamol on the hematological profile in a rat model.

To determine the impact of alcohol and paracetamol on the histological
structure and function of the rat liver.

To determine the effects of alcohol and paracetamol on the histological

structure and function of the rat kidney.



CHAPTER TWO

LITERATURE REVIEW

2.1 Alcohol

2.1.1 Overview

Ethanol or ethyl alcohol, is a popular recreational drug. Actually, besides nicotine,
it is the most widely used psychoactive drug in our society (Guo and Ren, 2010).
The widespread use of alcohol is because it is very addictive and people drink it

to socialize, celebrate and relax (Mitchell et al., 2014).

In small doses, alcohol has good medicinal values and it has been reported to
exert protective effects against development of diabetes, liver and heart diseases
(Ruhl and Everhart, 2003; loannou et al., 2006). However, chronic and excessive
usage is known to cause multiple organ injury that increases the risk of
developing hypertension, diabetes, cancer, heart, kidney and liver diseases
(Santolaria et al., 2003; Baliunas et al., 2009; White et al., 2009; Turati et al.,

2012; Reynolds, 2012).

2.1.2 Physical and chemical properties of alcohol

Alcohol is a colorless, volatile liquid with a molecular weight of 46.07, boiling
point of 78.29°C, melting point of "114.1°C and density of 0.789 g/ml (Lieber,
1997; Lide, 2005). The chemical formulae of alcohol is CoHsOH. In the presence

of an oxidizing agent, alcohol is oxidized to aldehyde. Upon further oxidation, the



aldehyde is converted to acetic acid acid (Lide, 2005). Dehydration of alcohol
results in the formation of ethane which later decomposes to form ethylene

(Erdéhelyi et al., 2006).

2.1.3 Pharmacokinetic properties of alcohol

2.1.3.1 Absorption and distribution

Alcohol is readily absorbed through the skin and gastrointestinal tract (Gentry,
2000). After oral ingestion, 20% of alcohol is absorbed from the stomach while
80% is absorbed from the upper small intestine (Paton, 2005). The rate of alcohol
absorption is affected by various factors including gastric emptying, intestinal
transit time and portal blood flow (Sadler, 2009; Mukherjee, 2014). Blood alcohol
concentration is influenced by both the rate of absorption and the amount
consumed (Ramchandani et al., 2001). Following absorption, alcohol diffuses into
the circulation and is evenly dispersed throughout the body (Mcdonough, 2003).
Due to its low molecular weight it is readily distributed in all body fluids and
tissues including the central nervous system (Mukherjee, 2014). Diffusion of
alcohol is continuous until an equilibrium is achieved between the blood and
tissue concentration ((Sadler, 2009; Kent, 2012). This equilibrium is usually
achieved within 1-2 hours (Ferreira and Willoughby, 2007). Gastric emptying,
intestinal transit time and portal blood flow are some of the factors that influence
the rate of alcohol distribution in the body which in turn affects blood alcohol

concentration (Sadler, 2009).



2.1.3.2 Alcohol metabolism and elimination

Alcohol is mainly metabolized in the liver through alcohol dehydrogenase in the
cytosol, aldehyde dehydrogenase in the mitochondria and microsomal ethanol-
oxidizing system in the endoplasmic reticulum (Zakhari, 2006). About 90% of
absorbed alcohol is metabolized via hepatic alcohol dehydrogenase (Vonghia et
al., 2008). While the remaining 10% is oxidized via microsomal cytochrome P450
system (Fraser 1997). Alcohol dehydrogenase oxidizes alcohol to acetaldehyde (a
reactive and toxic molecule) which is rapidly oxidized by aldehyde
dehydrogenase to acetate which is further oxidized to carbon dioxide and water
(Lieber, 2005). According to Lieber (1997), the rate of alcohol metabolism is
influenced by blood alcohol concentration and individual genetic composition.
The rate of alcohol metabolism is also influenced by amount and duration of
alcohol consumption which influence induction of enzymes involved in alcohol
metabolism (Zakhari, 2006). Most of the alcohol consumed is metabolized and
excreted in urine as acetate and water (Zakhari, 2006). While only a small portion
(2%-5%) is excreted unchanged in urine, sweat or breathe (Vonghia et al., 2008).
The rate of alcohol elimination is determined mainly by the activity of hepatic
alcohol dehydrogenase which is the primary catabolic enzyme (Mitchell et al.,

2014).

Ramchandani et al. (2001) observed that food does increase the rate of alcohol

elimination. Likewise the rate of alcohol elimination has also been demonstrated



to be higher in females than in males (Mumenthaler, 1999) and this has been
attributed to the abundance of reproductive hormones dihydrotestosterone in
males which inhibit alcohol dehydrogenase activity (Mezey et al., 2001) and
oestrogen in females which enhance hepatic alcohol dehydrogenase activity

(Paton, 2005).

2.1.4 Pharmacological properties of alcohol

Alcohol is a central nervous system depressant that causes various biological and
behavioral changes (Costardi et al., 2015). Some of the effects of alcohol include
sedation, impaired inhibition of activities and loss of relaxation (Oscar-Berman et
al., 1997). Due to these properties of alcohol, it is often consumed to produce
pleasurable effects such as inhibition impairment, euphoria, sedation and mild
anaesthesia (Paton, 2005; Vengelien et al., 2008). This therefore makes it a
popular beverage in a variety of situations including social gatherings (Mitchell et
al., 2014). However, consumption of high levels of alcohol causes attention
deficits, blackout and impaired sleep and wake regulation (Castro and Baltieri,

2004)
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2.1.5 Mechanisms of action of alcohol

Alcohol exerts its effects by acting on gamma-aminobutyric acid (GABA)
receptors potentiating the action of gamma-aminobutyric acid (the main inhibitory
neurotransmitter of central nervous system) responsible for impaired inhibition
(Charlton et al., 1997; Davies, 2003). In addition, alcohol acts on glutamate
receptors causing a reduction in excitatory neurotransmission and an increase in
intracellular calcium responsible for reduced attention, blackout and impaired
sleep and wake regulation (Hartley et al., 1993; Castro and Baltieri, 2004). It has
also been reported that alcohol acts on opioid and doperminergic systems to
produce feeling of pleasure and increased chances of alcohol addiction (Aminoff,
2007; Gilpin and Koob, 2008). Alcohol also acts on serotonin receptor which

results to symptoms of well-being and mood elevations ((Vengelien et al., 2008).

2.1.6 Adverse effects of alcohol

2.1.6.1 Overall effects

Alcohol abuse has the potential of causing multiple organ injury that results in
various disease conditions of which alcoholic liver disease is the most prominent.
The major mechanism for alcohol-induced organ injury is oxidative stress
(Bondy, 1992; Nordman et al., 1992; Tsukamoto and Lu, 2001). Which is defined
as an imbalance between pro-oxidants and antioxidants due to enhanced
generation of reactive oxygen species and depletion of antioxidant defense system

(Schlorff et al., 1999).
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2.1.6.2 Hepatotoxicity

Chronic excessive consumption of alcohol results to alcoholic liver disease, a
syndrome that encompasses a spectrum of liver alterations ranging from simple
steatosis to more advanced stages such as alcoholic steatohepatitis, cirrhosis and
hepatocellular carcinoma (Marsano et al., 2003; Zakhari and Li, 2007; O’shea et

al., 2010; Neuman et al., 2015).

Alcohol induced hepatotoxicity results from interactions between the direct toxic
effects of alcohol and its metabolites such as acetaldehyde on various cell types in
the liver as well as induction of reactive oxygen species (ROS) and up-regulation
of inflammatory cascade in the liver (Neuman et al., 2001). Reactive oxygen
species such as hydrogen peroxide, superoxide and hydroxyl radicle (Nordmann
et al., 1992) enhance lipid peroxidation of hepatocyte membrane hence liver
damage (Wu and Cederbaum, 2003). In the case of the inflammatory response,
the cytochrome P450 (CYP2EL) has also been suggested to play a role in liver

injury (Xu etal., 2017).

Due to cellular damage, alcohol is known to affect liver enzymes. It has been
reported that alcohol consumption results in the elevation of alanine
aminotransferase (ALT) and aspartate aminotransferase (AST) (Clark et al., 2003;

Song et al., 2006; Hritz et al., 2008; Kim et al., 2008). While ALT is only found
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in the liver, AST can be found in the liver, cardiac muscle, skeletal muscle,

Kidney, brain, pancreas, lungs, leucocytes and erythrocytes (Lazo et al., 2008)

Histopathological features associated with alcohol toxicity include cellular
infiltration, cytoplasmic vacuolization, steatosis, inflammation, fibrosis and

necrosis (Koop et al., 1997; Kono et al., 2000; Onyango et al., 2017).

2.1.6.3 Nephrotoxicity

Chronic alcohol consumption has been associated with chronic kidney disease
(Shankar et al., 2006) and there is evidence associating moderate to heavy alcohol
consumption with increased urinary albumin excretion. In addition, alcohol
consumption has been experimentally proven to have a direct and acute
nephrotoxic effect on the kidney (Van Thiel et al., 1977). Alcohol exhibit
oxidative properties that make the kidney prone to its induced lipid peroxidation
since the kidney is the major organ involved in alcohol elimination (Das et al.,

2008).

Some studies have reported indirect relationship between chronic alcohol use in
humans with increased risk of chronic kidney disease as a result of alcohol-
induced hypertension (Corrao et al., 2000; Parekh and Klag 2001). In contrast,
other studies have reported an inverse relationship between alcohol consumption

and risk of developing chronic kidney disease (Reynolds et al., 2008; Schaeffner
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et al., 2005). Chronic alcoholism may also contribute to defects in renal tubular

function and abnormalities of serum electrolytes (De Marchi et al., 1993).

There have been reports suggesting decreased serum creatinine with chronic
alcohol consumption (Chung et al., 2005; Kronborg et al., 2008). However, other
studies have reported no significant changes in creatinine and blood urea nitrogen
levels following alcohol intake (Onyango et al., 2017). Chronic administration of
alcohol produces significant renal dysfunction and abnormalities in kidney
morphological structure in rats which is characterized by cellular infiltration and
widening of tubular lumen (Van Thiel et al., 1977; Onyango et al., 2017). Alcohol
dependence has also been associated with renal papillary necrosis and acute renal

failure (Pablo et al., 1986; Muthukumar et al., 1999).

2.1.6.4 Haematotoxicity

Alcohol has also been reported to have detrimental effects on the bone marrow
and blood cell precursors (Szabo and Mandrekar, 2009). It directly damages
erythroid precursors. Chronic alcoholism causes hemolytic anaemia due to

alterations in the erythrocyte membrane lipids (Nordmann and Rouach, 1996).

In a study by Onyango et al. (2017) reported that in a rat model, alcohol at a dose
of 5g/kg did not significantly affect mean corpuscular hemoglobin and mean

corpuscular hemoglobin concentration. Chronic alcohol consumption has been
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shown to cause a rise in the leucocytes particularly the lymphocytes, and also a

fall in platelet levels (Myrhed et al., 1977; Onyango et al., 2017).

2.1.6.5 Effects of alcohol on blood glucose levels

Low to moderate doses of alcohol may have a protective effect against the risk of
developing diabetes and other cardiovascular diseases (Liu et al., 2008).
However, heavy drinking has been associated with higher plasma glucose levels
increasing the risk of developing diabetes (Athyros et al., 2007). Alcohol affect
the release of insulin and glucagon which are the hormones involved in glucose
counter-regulation (Kolaczynski et al., 1988) and acute alcohol intoxication can
rapidly elevate blood glucose levels by inhibiting the release of insulin (Vonghia

et al., 2008).

2.1.6.6 Effects of alcohol on body weight

The relationship between alcohol intake and body weight changes has been
studied and it shows mixed results. On one hand regular alcohol intake of more
than 30 g/day contributes directly to increased body weight (Wannamethee and
Shaper, 2003). This can be explained by increased hepatic production and release
of acetate into the plasma which consequently inhibits lipolysis in peripheral
tissues (Suter and Tremblay, 2005). Acetate also activates expression of lipogenic
genes (Gao et al., 2016) hence development of a positive energy balance and

weight gain (Wang et al., 2010).
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In contrast, heavy drinking has been reported to significantly lower body weight
and body mass index (Das and Vasudevan, 2005) and this is attributed to reduced
adipose tissue as a result of inadequate nutritional intake (Addolorato et al.,
2000). Consumption of high amounts of alcohol also alters taste receptors
reducing sensory pleasure in food (Neto et al., 2011). In addition, alcohol
interferes with absorption and metabolism of nutrients causing significant
decrease in body weight gain (Heckmann and Silveira, 2009; Macdonald et al.,

2010).

The loss of weight as a consequent of over indulgence has also been attributed to
loss of appetite and malnutrition (Santolaria et al., 2003). However, other studies
reported that alcohol does not significantly affect the mean body weight of rats
(Geidam et al., 2004). In a study using a rat model it was shown that alcohol does
not significantly affect body weight in the first week. However, significant weight

gain was observed in the subsequent weeks (Onyango et al., 2017).

2.1.6.7 Effects of alcohol on fertility and fetal development

Chronic consumption of alcohol has been shown to negatively affect fertility by
causing changes in menstrual cycle regulation and ovulation (Eggert et al., 2004).
Heavy drinking can also lead to diminished ovarian reserve as well as decreasing
the hormones that lead to testosterone and sperm production (Gude, 2012).

Maternal consumption of alcohol during pregnancy can result to varying
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embryonic developmental abnormalities depending on the amount and duration of

alcohol exposure (O’Neil, 2012).

2.1.7 Treatment of alcohol toxicity

Various compounds have been studied on their effects to manage alcohol related
toxicity. The leading compounds include silymarin, pentoxyfylline and

corticosteroids and findings are of mixed results.

Silymarin has been used for many years to treat and as a prophylaxis against
alcohol-induced injuries (Farghali et al., 2000; Lieber et al., 2003). It is a
flavonoid extract which is abundant in the milk thistle Silibum marianum (Luper,
1998) and functions as an anti-inflammatory compound modulating cytokine
production as well as an antioxidant scavenging free radicals (Song et al., 2006).
Sylimarin protects red blood cells membrane against lipid peroxidation caused by
alcohol intoxication (Kvasnicka et al., 2003). The flavonoid extract is considered
very safe with few and rare adverse effects such as gastrointestinal disturbances

and allergic skin rashes (Jacobs et al., 2002).

Pentoxyfylline is an inexpensive and widely used dimethylxanthine derivative
that attenuates release and action of pro-inflammatory cytokines, exerts
antifibrotic action and protects against hepatorenal syndrome (Girolami et al.,
1999; Akriviadis et al., 2000). Pentixyfylline, which is a phosphodiesterase

inhibitor has a fairly good safety profile (Arteel, 2003). However, associated side
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effects including epigastric pain, vomiting and dyspepsia have been reported

(Haber et al., 2003).

Corticosteroids such as prednisolone have also been reported to improve survival
in patients suffering from acute and severe alcohol intoxication although there
have been concerns over their use because of high mortality rate especially in
patients with renal impairment and concomitant infections (Mathurin et al., 2002).
They inhibit pro-inflammatory cytokine production, decrease immune response
by inhibiting leukocyte migration and have antifibrotic effects (Elenkov et al.,
1996; Arteel, 2003; Tamura et al., 2005). The major side effects associated with
the use of corticosteroids include gastrointestinal bleeding and increased

susceptibility to infections (Tilg and Day, 2007).

2.2 Paracetamol

2.2.1 Overview

Paracetamol, also known as acetaminophen, is one of the most commonly used
non-prescription drug for management of pain and fever (Oyedeji et al.,
2013).The drug was discovered in Germany at the end of 19" century. However,
it was not widely used until midway through the 20" century (Sheen et al., 2002).
To date, paracetamol is one of the most widely used over the counter drug for
management of pain and fever. Incidentally, the drug is highly abused in the

management of alcohol induced hangover.
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2.2.2 Physical and chemical properties

Paracetamol, is a white odorless crystalline solid with a molecular weight of
151.165 g/mol and a melting point of 168°C (Lide, 2005). It is slightly soluble in
cold water but very soluble in boiling water and alcohol (O’Neil, 2013). The
chemical structure of paracetamol consists of a phenol ring and an acyl group
(Oyedeji et al., 2013) and is formed via interaction of p-aminophenol and an
aqueous solution of acetic anhydride at a pH of between 5.5 to 6.5 (Foye, 1995).
Paracetamol is oxidized in the presence of an oxidizing agent such as chlorine to
N-acetyl-para benzoquinone imine (Pinkston and Sadlak, 2004) which in aqueous

solution is readily hydrolyzed to 1,4- benzoquinone (Andreozzi et al., 2003).

2.2.3 Pharmacokinetic properties

2.2.3.1 Absorption

Following oral administration, paracetamol is readily absorbed from the
gastrointestinal tract (Hodgman and Gerrard, 2012). The extent of absorption is

not affected by the presence or absence of food in the stomach (FDA, 2011).

2.2.3.2 Distribution

After ingestion, paracetamol is rapidly distributed with peak plasma
concentrations achieved within 90 minutes (FDA, 2011). At therapeutic
concentrations, paracetamol is minimally bound to protein with a volume of
distribution of 0.9 L/kg and a half-life of 2 to 2.5 hours (Hodgman and Gerrard,

2012). Paracetamol readily diffuses across the blood brain barrier with rapid and



19

high levels in the cerebrospinal fluid (Singla et al., 2012), and is present in breast

milk as it crosses the placenta (Van der marel, 2003).

2.2.3.3 Metabolism

Paracetamol is metabolized via glucuronidation and sulfation in the liver (Gu et
al., 2005). Glucuronidation accounts for 55% to 66% of paracetamol metabolism.
While sulfation accounts for 20% to 30% of paracetamol metabolism in adults
(Brayfield, 2014). In children up to 12 years of age, sulfation predominates
(Prescott, 2000). A small, yet significant amount of less than 15% of paracetamol
is metabolized via cytochrome P-450 enzyme producing N-acetyl-para-
benzoquinoneimine (NAPQI) which at non-toxic doses is efficiently conjugated
by glutathione into urinary excreted non-toxic metabolites (Botting and Ayoub,

2005).

2.2.3.4 Elimination

Paracetamol is excreted through the kidney in the form of glucuronide and sulfate
which can be detected in urine of patients after paracetamol administration ((Gu et
al., 2005; Gelotte et al., 2007). About 47-62% of paracetamol absorbed is
excreted as paracetamol glucuronide while 25-36% is excreted as paracetamol
sulfate (Prescott, 2000). However, only 1-4% of paracetamol is excreted in urine
unchanged (Oscier and Milner, 2009). N-acetyl-para-benzoquinone imine
resulting from paracetamol metabolism is conjugated with glutathione and

excreted in urine as cysteine and mercapturate metabolites (Gelotte et al., 2007).
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2.2.4 Pharmacological properties

Paracetamol (N-acetyl-p-aminophenol) is a non- prescription drug commonly
used as antipyretic and analgesic agent (Anderson et al., 1998). The drug has
lower incidences of adverse effects and is a preferred NSAIDS especially in high
risk patients (Hyllested et al., 2002). Paracetamol has minimal but significant

anti-inflammatory effects (Bjornsson et al., 2003).

2.2.5 Mechanism of action

Paracetamol acts on the central nervous system and various mechanisms have
been suggested to be responsible for the analgesic and antipyretic effects (Mallet
et al., 2010). It has been reported that paracetamol acts as a cannabinoid receptor
agonist (Ottani et al., 2006) reinforcing the descending inhibitory serotonergic
pain pathways (Pickering et al., 2008) and inhibits the L- arginine nitric oxide
pathway (Bujalska, 2004) to exert analgesic properties. The antipyretic effect of
paracetamol is as a result of inhibition of prostaglandin synthesis through the

cyclooxygenase pathway (Graham and Scott, 2005; Anderson, 2008).

2.2.6 Indications
Paracetamol is a safe, effective and widely used antipyretic and analgesic agent

(Wang et al., 2014) that can be prescribed for general pain management in sickle
cell patients undergoing mild pains (Adzu et al., 2001), post-operative period such
as post-ceasarean delivery (McNicol et al., 2011) or post orthopedic procedures

(Lachiewicz, 2013).
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Many international guidelines such as the Department of Health, Queensland
Government have recommended paracetamol as a drug of first choice for
relieving mild to moderate pain (Klotz, 2012) and for management of acute and
chronic pain in patients with impaired kidney function (Murphy, 2005).
Paracetamol is the preferred drug for relieving pain in osteoarthritis and low back
pains (Nikles et al., 2005) and is used in combination with other drugs to manage
pain in cancer patients (Stockler et al., 2004). Paracetamol is arguably the most
widely abused drug used for management of headache and other adverse effects
associated with alcohol hangover, especially in binge drinking (Evers and

Marziniak, 2010).

2.2.7 Adverse effects

2.2.7.1 Overall effects

Paracetamol toxicity has been recognized since 1966 (James et al., 1975).
Adverse effects associated with paracetamol include nausea, vomiting, allergic
reactions such as rashes and malaise (Hodgman and Gerrard 2012). On the other
hand overdose of the drug has been reported to cause damages to multiple organs

especially the liver and kidney (Lee, 2004).

2.2.7.2 Hepatotoxicity

The most remarkable feature of paracetamol overdose is hepatotoxicity (Remsing
et al., 2002) which accounts for a very high percentage of cases annually (Litovitz

et al., 2002). In 2007, paracetamol over-dosage was reported to be the leading
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cause of acute liver failure in the United States (Bower et al., 2007). Poisoning
and hepatotoxicity of paracetamol occurs at doses between 10 and 15 grams per
day, however, doses of between 20 and 25 grams per day can be fatal (Korpi-

Steiner et al., 2008).

Some studies have reported that hepatic injury results from the binding of N-
acetyl-para-benzoquinoneimine (NAPQI) to cellular proteins and initiate lipid
peroxidation (Mitchell et al., 1973; Hart et al., 1994). In large quantities, hepatic
cytochrome P450 enzyme system metabolizes paracetamol to a reactive

metabolite, N-acetyl-para-benzoquinoneimine (Manyike et al., 2000).

Large amounts of N-acetyl-para-benzoquinoneimine depletes glutathione and
directly damages and kills hepatocytes (Lee, 2004). Glutathione is a free radical
scavenger and depletion by excess N-acetyl-para-benzoquinoneimine exposes
hepatocytes to oxidative stress damage (Smilkstein et al., 1988). The reactive
metabolite can as well cause liver damage by binding the liver microsomal protein
(Ruepp et al., 2002). In addition, NAPQI is a strong oxidant and promotes lipid
peroxidation and damage to macromolecules (Song et al., 2004). Furthermore, the
metabolite can simultaneously enhance formation of reactive oxygen species such
as superoxide anion, hydroxide radicle and hydrogen peroxide as well as reactive

nitrogen radicals such as nitric oxide (Hinson et al., 2010).
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Paracetamol toxicity results in elevated levels of serum alanine aminotransferase,
aspartate aminotransferase and bilirubin concentrations (Ganey et al., 2007). In
addition, the drug toxicity results to elevation in serum alkaline phosphatase
enzyme (Green et al.,, 2010). Paracetamol at a dose of 500 mg/kg causes
significant elevations in serum alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase (ALP) and bilirubin (Parmer et al.,
2010). In addition, paracetamol overdose results to a reduction in albumin levels

and insignificant changes in gamma glutamy| transferase (Juma et al., 2015).

In rats paracetamol toxicity is also manifested by abnormal histological changes
in the liver which are dose related (Hewawasam et al., 2004; Juma et al., 2015).
Over dosage of paracetamol has been reported to cause vacuolization, hemorrhage
and necrosis of liver cells (Blazka et al., 1996; Bhanwra et al., 2000; Gulnaz et

al., 2010; Hinson et al., 2010).

Liver sections of animals treated with paracetamol have been reported to exhibit
severe and intense congestion, degeneration and occasional necrosis (Kanchana
and Sadig, 2011). In addition, it has been observed that paracetamol over dosage
results to centrilobular vacuolization, necrosis and inflammation with peak
destruction at 9-hour post administration (Kofman et al., 2005). Necrosis results

from binding of paracetamol active metabolite (N-acetyl-para-benzoquinone
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imine) to sulfhydryl groups of proteins due to depletion of glutathione (Kanchana

and Sadiq, 2011).

2.2.7.3 Nephrotoxicity

Paracetamol can cause acute renal failure as the primary manifestation of toxicity
with an onset within two to five days and peak damage observed between three to
sixteen days after over dosage or may occur in combination with hepatic damage
(Blakely and McDonald, 1995; Eguia and Materson, 1997). Nephrotoxicity occurs
in approximately 1-2% of patients with paracetamol over dosage and habitual
paracetamol exposure can increase the chances of renal insufficiency which
eventually lead to end-stage renal disease and death (Boutis and Shannon, 2001,

Sarumathy, 2011).

Several studies have suggested various mechanisms responsible for paracetamol-
induced renal damage. The damage may be due to formation of N-acetyl-p-
benzoquinone imine -glutathione conjugate that cause depletion of glutathione
hence inhibiting the detoxification of the reactive metabolite (McMurtry et al.,
1978; Abdel-Zaher et al., 2007). Nephrotoxicity is due the accumulation of the
reactive metabolite in the renal papillary (Sheen et al., 2002). Renal damage can
also be due to prostaglandin endoperoxidase synthetase enzyme that enhances the
activation of paracetamol into NAPQI in the medulla of kidney (Mugford and

Tarloff, 1997).
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Toxic doses of paracetamol resulted to marked increase in serum creatinine and
urea compared to control group (Palani et al., 2010). Increased levels of serum
creatinine and urea are considered as indices of assessing nephrotoxicity (Ali et
al., 2001). However, other studies have reported that paracetamol causes no
significant differences in blood urea nitrogen and creatinine compared with the

control (Payasi et al., 2010).

Studies have reported histological changes in the kidney manifested by shrunken
glomeruli, vascular congestion and tubular necrosis as a result of paracetamol
toxicity (Abraham, 2005; Ucheya and Igweh, 2006). A dose of 500 mg/kg of
paracetamol resulted to loss of renal tubular architecture with rearrangement of
renal tubules and glomerulus. The renal tubules showed cellular swelling and
narrowing of lumen (Pathan et al., 2013). The renal damage may be due to
oxidation of paracetamol in the kidney by microsomal mixed function oxidases to
the reactive metabolite (N-acetyl-para-benzoquinoneimine) which covalently
binds to tissue nucleophiles (Thomsen et al., 1995). The damage may be as a
result of increased lipid peroxidation caused by oxidative stress (Li et al., 2003)
or due to deacetylation of paracetamol in the kidney to form p-aminophenol

(Mugford and Tarloff, 1997).
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2.2.7.4 Haematotoxicity

Paracetamol poisoning causes no significant differences in the hematological
profile of Wistar rats (Payasi et al., 2010). However, some studies have reported
that rats treated with paracetamol show significant decrease in red blood cells
count and hemoglobin (Adedapo et al., 2007; Ikpi and Nku, 2008; Juma et al.,
2015). Similarly, paracetamol has been reported to cause significant decrease in
mean values of haemoglobin, haematocrit and total erythrocyte count (Nwodo et

al., 2010).

Haematopoetic system is susceptible to xenobiotic attack since blood is involved
in transportation of substances (Adeniyi et al., 2010). Treatment of rats with
paracetamol causes non-significant changes in total white blood cells, neutrophil,
eosinophil, monocyte and lymphocyte counts as well as platelet count (Oyedeji et
al., 2013). However, another study reported that paracetamol overdose results to
significant increase in mean corpuscular hemoglobin and a rise in lymphocytes

(Juma et al., 2015).

2.2.7.5 Effect on blood sugar

It was noted that paracetamol may have beneficial effect on blood glucose levels
and is cardio protective (Kendig et al., 2008; Blough and Wu, 2011) and that the
drug can normalize increased blood glucose levels (Shertzer et al., 2008;

Jambulingappa et al., 2012). This is due to the ability of paracetamol to function
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as an antioxidant (Merrill and Goldberg, 2001). However, the drug toxicity has
been associated with extra-hepatic manifestations such as hyperglycemia (Yang et
al., 2001). This can be as a result of oxidative stress which plays a major role in
pathogenesis of diabetes mellitus (Maritim et al., 2003, Rains and Jain, 2011). In
addition, insulin resistance has been linked to oxidative damage of essential

macromolecules in insulin sensitive tissues (Styskal et al., 2012).

2.2.7.6 Effect on body weight

Some studies have demonstrated that paracetamol causes no significant changes
in body weight of rats (Oyedeji et al., 2013; Di pierro and Rossoni, 2013).
However, other studies have showed that paracetamol results to a significant
decrease in net body weight of Wistar rats (Mossa et al., 2012; Juma et al., 2015).
Reduction in weight could be due to compromised nutritional status of rats as a
consequent of gastrointestinal tract derangement caused by paracetamol (Ucheya

and Igweh, 2006).

2.2.8 Treatment of toxicity

N-acetyl cysteine (NAC) has been reported to be an effective antidote for
paracetamol poisoning (Buckley et al., 1999; Prescott, 2005; Dodd et al., 2008).
N-acetyl cysteine is a sulfhydryl donor that provides cysteine for the
replenishment of depleted glutathione (Woo et al., 2000) as well as enhancing

metabolism and elimination of paracetamol via sulfation pathway (Saito et al.,



28

2010). The antidote can be administered orally or intravenously based on the

patient body weight and condition (Yarema et al., 2009).

2.3 Combination of alcohol and paracetamol on liver and kidney damage

Chronic alcohol abuse activates paracetamol metabolism through cytochrome P-
450 pathway thus potentiates paracetamol-induced hepatotoxicity (Schiodt et al.,
2002). It has been reported that chronic alcoholism depletes glutathione thus
reducing the margin of safety of paracetamol in patients (Blakely and McDonald,
1995). Other studies have demonstrated that alcohol and paracetamol interact to
increase the production of highly reactive and toxic metabolite of paracetamol,

NAPQI (Lukasik-Glebocka and Klimaszyk, 2001).

Alanine aminotransferase (ALT), aspartate aminotransferase (AST), total
bilirubin and direct bilirubin are significantly elevated after chronic alcohol abuse
and paracetamol poisoning (Korpi-Steiner et al., 2008). Elevation in the plasma
transaminases levels is attributed to the damaged structural integrity of the liver
because ALT and AST are cytoplasmic enzymes in nature and are released into
the circulation after cellular damage (Bilgin et al., 2011). Chronic alcohol abuse
and paracetamol poisoning results to hemolytic anemia evidenced by low
hemoglobin (Dhaliwal et al., 2004) and the hemolysis may be due to oxidative

damage to hemoglobin (Beuttler, 1994).
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Studies have shown that paracetamol at therapeutic doses is safe and effective
even in chronic alcoholic patients (Kuffner et al., 2001). However, other reports
suggest that the drug can cause liver and kidney diseases in patients who are
glutathione depleted or who take drugs such as alcohol that stimulate the

cytochrome P450 enzymes (Blakely and McDonald, 1995; Dart et al., 2000).

This study therefore attempts to address the unresolved controversy of the toxic
effects of paracetamol on subjects intoxicated with alcohol. This is an important
issue of public health concern due to the widespread misuse of paracetamol in
managing alcohol related hangover. The significance of the study resonates with
the use a controlled animal model using high and low dosages of paracetamol

under standard conditions.



30

CHAPTER THREE

MATERIALS AND METHODS

3.1 Laboratory animals

Adult Wistar rats of 3-4 weeks, weighing between 120 and 200 grams were used
in this study. The weight range was selected based on previous protocols (Garba
et al., 2009; Bekheet, 2010; Ghoneim et al., 2014). The rats were bred and housed
in plastic cages under standard laboratory conditions in the animal house of the
Department of Biochemistry and Biotechnology, Kenyatta University. The
animals were fed on commercially available pelleted feed and water ad libitium.
The experiments were carried out in accordance with the 1996 guidelines for the

care and use of laboratory animals (Clark et al., 1997).

3.2 Chemicals

Alcohol (Smirnoff Vodka®, 37.5 %) produced by East Africa Breweries Limited
(Nairobi, Kenya) was bought from a local vendor (Nakumatt Supermarket,
Nairobi, Kenya). Cipladon®1000 (Cipla Ltd., Mumbai, India) containing 1000 mg

paracetamol was sourced from Rangechem Pharmaceuticals (Nairobi, Kenya).
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3.3 Preparation of working concentrations of alcohol

In the case of rats that received alcohol at doses of 2.5 g/kg and 3.5 g/kg body
weight, the working concentration of the administered solution was 0.17 g/ml
alcohol, which was prepared by mixing 10 ml of neat vodka (37.5%) with 12 ml
of distilled water. Those that received alcohol at a dose of 4.5 g/kg bodyweight,
the working concentration was 0.22 g/ml of alcohol, which was prepared by

mixing 10 ml of neat vodka with 7 ml of distilled water.

3.4 Preparation of working concentrations of paracetamol

The animals that received paracetamol at a dose of 40 mg/kg bodyweight, the
working concentration was 7.4 mg/ml and this was prepared by dissolving one
tablet of Cipladon®1000 in 135 ml of distilled water. Those that were treated with
400 mg/kg bodyweight, the working concentration was 74 mg/ml, which was

prepared by dissolving four tablets of Cipladon®1000 in 54 ml of distilled water.

3.5 Experimental design

The rats were separated into twelve groups of five animals each. The negative
control group was treated with distilled water. While the rest were given either
alcohol or paracetamol or a combination of both. The rats treated with alcohol at a
dose of 2.5 g/kg body weight were administered with 1 ml of the prepared
working solution. Those treated with alcohol at doses of 3.5 g/kg and 4.5 g/kg

body weight received 1.4 ml of the respective working solutions. Alcohol was
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administered twice daily with half of the dose given in the morning and the other

in the evening for 28 days (limuro et al., 1997, Kono et al., 2000). Paracetamol

was given on day 29. Details of the treatment regimens are presented in Table 3.1.

The treatments were done orally using a cannula (Nadro et al., 2006).

Table 3.1: Treatment regimens

Group Treatment

I @& m m O O W >»

r X <

Distilled water (negative control)

2.5 g/kg alcohol

3.5 g/kg alcohol

4.5 g/kg alcohol

40 mg/kg paracetamol

400 mg/kg paracetamol

2.5 g/kg alcohol + 40 mg/kg paracetamol
2.5 g/kg alcohol + 400 mg/kg paracetamol
3.5 g/kg alcohol + 40 mg/kg paracetamol
3.5 g/kg alcohol + 400 mg/kg paracetamol
4.5 g/kg alcohol + 40 mg/kg paracetamol
4.5g/kg alcohol + 400mg/kg paracetamol
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3.6 Determination of Physical parameters

Individual body weights of rats were determined using a weighing balance shortly
before the start of the experiment and weekly thereafter until the end of the study.
The general physical appearance and behavior of rats was also monitored

throughout the experiment period.

3.7 Blood collection and analysis

At the end of the experiment blood was collected from the rats for hematological,

blood sugar and biochemical analysis as described below.

3.7.1 Hematological analysis

The tail of rat was sterilized with 10% alcohol and the tip cut with sterilized
scissors. Blood was then collected by gently massaging the tail. The first drop of
blood was wiped off and the subsequent drops were collected in ethylene

diaminetetra-acetic acid (EDTA) containing vials.

Haematological parameters were assayed using Mindray BC-5300 auto
hematological analyzer (Shenzen Mindray Bio-Medical Electronics Co., Ltd,
Shenzhen, China) as per the manufacturer’s recommendations (Lu and Gu, 2012).
The analyzer was subjected to daily quality control according to the standard
operating procedures. The parameters analyzed were total white blood cells count,

lymphocytes, monocytes, granulocytes, red blood cells, mean corpuscular volume
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(MCV), hematocrit, mean corpuscular hemoglobin (MCH), mean corpuscular
hemoglobin concentration (MCHC), red cell distribution width volume (RDW),
hemoglobin, thrombocytes, mean platelet volume (MPV), pleteletocrit and

platelet distribution width (PDW).

3.7.2 Blood glucose levels

Blood was collected from the tip of the tail as described in section 3.7.1. A drop
of blood was then placed at one end of the glucometer strip and reading taken
after 10 seconds using On Call Plus glucometer (ACON laboratories, San Diego,

USA).

3.7.3 Biochemical analysis

The rats were euthanized using diethyl ether. Blood was drawn using sterile
needle and syringe by cardiac puncture. The blood was collected in plain
vacutubes and was allowed to stand and clot at room temperature for one hour
then centrifuged using 24900xg centrifuge at 3000 rpm for 10 minutes. Serum
was transferred into polypropylene tubes using sterile pasture pipette (Parmar et

al., 2010).

Biochemical analysis were performed using Selectra ProS clinical chemistry
analyzer (ELITech group clinical systems, Milsbeek, Netherlands) following the
manufacturer’s instructions. The parameters analysed were albumin, total

bilirubin (TBI), direct bilirubin (DBIL), gamma glutamyltransferase (GGT),



35

aspartate aminotransferase (AST), alanine aminotransferase (ALT), urea and
creatinine. The ratio of AST/ALT was calculated manually by dividing the AST

values by the ALT values.

3.8 Histopathological analysis

The liver and kidney tissues were removed and weighed. The tissues were fixed in
10% formalin. The fixed tissues were rinsed in water and embedded in liquid
paraffin. The embedded specimens were sectioned into thin slices using a
microtome and stained with hematoxylin and eosin (Gujral et al., 2001; Song et
al., 2006). Liver and kidney sections were then examined microscopically for

presence or absence of pathology.

3.9 Data management

Descriptive data were summarized in Excel (Microsoft Corporation, Redmond,
USA) and reported as mean + standard deviation. Statistical analysis was done
using a statistical package Minitab (version 17, Minitab Inc., State college, PA,
USA), which generated all statistical calculations. Comparisons of weights,
biochemical and hematological parameters were analyzed using one-way analysis
of variance (ANOVA). Tests for multiple comparisons were done using Tukey’s
post hoc test and statistical significance was reported at p < 0.05. Data were

presented as text, tables and figures.
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CHAPTER FOUR

RESULTS

4.1  Morphological characteristics of rats subjected to alcohol and
paracetamol treatment
Control group rats and those treated with 2.5 g/kg alcohol, 40 mg/kg of
paracetamol and 2.5 g/kg of alcohol plus 40 mg/kg of paracetamol were active,
had glossy coat and had good appetite throughout the treatment period (Figure
4.1A). Those that received 3.5 g/kg or 4.5 g/kg of alcohol were initially active and
had good appetite. However, from days sixteen and nine respectively, they had
poor appetite. The remaining five groups of rats, which were either treated with
400 mg/kg of paracetamol or co-treated with alcohol and paracetamol, had rough

hair coat, poor appetite, were inactive and they huddled in a corner of the cage (

Figure 4.1B).

Figure 4.1: Morphological characteristics of rats subjected to alcohol and
paracetamol treatment. (A) Control rat (alert and glossy skin) and
(B) Rat co-treated with alcohol and paracetamol (dormant, sickly
and rough skin).
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4.2 Effects of alcohol and paracetamol on body weight of rats

The control group recorded the highest weight gain of 31.8+8.79 g in the first
week but it also displayed the lowest weight gain of only 7+1.87 g in the fourth
week (Figure 4.2). In the first week of study, rats that were independently treated
with alcohol or paracetamol did not have a significant (p > 0.05) change on body
weight as compared to control. However, those that were co-treated with alcohol
and paracetamol had significantly (p < 0.05) low weight gain. In the second week,

there were no significant (p > 0.05) change in weight in all groups.

Likewise, in the third week, all treatment groups showed insignificant (p > 0.05)
change in weight except for the group that was treated with a combination of 4.5
g/kg of alcohol plus 400 mg/kg of paracetamol that recorded a significant (p <

0.05) weight gain.

In week four, the groups treated with 3.5 g/kg and 4.5 g/kg of alcohol recorded
significant (p < 0.05) weight gain. A similar finding was observed in rats treated
with 40 mg/kg paracetamol. There was also significant weight increase in all the
groups that were given the two drugs together except for the one that received 3.5
g/kg alcohol plus 400 mg/kg paracetamol where weight change was non-

significant (p > 0.05) (Figure 4.2).
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4.3 Effect of alcohol and paracetamol on hematological parameters of rats

Treatment with alcohol or paracetamol, either individually or combined, did not
have a significant (p > 0.05) effect on the total white blood cells, lymphocytes,
monocytes and granulocytes counts (Table 4.1). A similar pattern (p > 0.05) was
also observed with the erythrocytic parameters of RBC counts, mean corpuscular
volume, hematocrit, mean corpuscular hemoglobin, mean corpuscular hemoglobin
concentration and hemoglobin (Table 4.2). Likewise alcohol and paracetamol did
not have significant (p > 0.05) effects on the platelet counts and the related
parameters of mean platelet volume, plateletocrit and platelet distribution width

(Table 4.3).
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Figure 4.2: Change in body weight of rats following treatment with alcohol and paracetamol.

* Indicates P < 0.05 when compared to the corresponding control.

A = Control

B = Alcohol 2.5 g/kg

C = Alcohol 3.5 g/kg

D = Alcohol 4.5 g/kg

E = Paracetamol 40 mg/kg
F = Paracetamol 400 mg/kg

G = Alcohol 2.5 g/kg + paracetamol 40 mg/kg
H = Alcohol 2.5 g/kg + paracetamol 400 mg/kg
I = Alcohol 3.5 g/kg + paracetamol 40 mg/kg

J = Alcohol 3.5 g/kg + paracetamol 400 mg/kg
K = Alcohol 4.5 g/kg +paracetamol 40 mg/kg
L = Alcohol 4.5 g/kg +paracetamol 400 mg/kg
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Table 4.1: Comparison of the effects of alcohol and paracetamol on the leukocyte profiles of rats.

Groups TWBC (m/mm3) Lymphocytes (%) Monocytes (%) Granulocytes (%0)
Control 9.06+1.50 85.54+3.22 5.86+1.76 8.60+1.97
Alc 2.5g/kg 12.59+6.78 92.58+3.36 3.20+1.72 4.22+2.07
Alc 3.5g/kg 11.93+4.37 89.65+3.29 5.35+2.74 5.00+1.31
Alc 4.5g/kg 10.38+3.62 79.90+10.74 9.68+5.36 10.42+5.65
Para 40mg/kg 10.6945.25 85.46+5.37 7.88+3.31 6.66+2.76
Parac 400mg/kg 9.44+3.30 80.96+5.96 7.78+2.92 11.26+4.03
Alc 2.5g/kg + Para 40mg/kg 12.48+4.52 89.50+2.46 4.88+1.21 5.62+1.95
Alc 2.5g/kg + Para 400mg/kg 13.65+5.89 86.44+5.01 7.82+4.96 5.74+1.72
Alc 3.5g/kg + Para 40mg/kg 12.9046.22 86.67+5.45 6.93+3.38 6.40+2.71
Alc 3.5g/kg + Para 400mg/kg 12.17+1.84 81.38+8.85 9.06+3.69 9.56+5.38
Alc 4.5g/kg + Para 40mg/kg 7.49+4.48 87.74+3.14 6.32+2.79 5.94+3.58
Alc 4.5g/kg + Para 400mg/kg 10.01+5.24 84.98+3.75 6.70+3.01 8.32+£2.72

TWBC=Total white blood cells, Alc= Alcohol and Para= Paracetamol. The control and other treatments were non-
significantly (p > 0.05) different.
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Table 4.2: Effects of alcohol and paracetamol on the erythrocytic parameters of rats.

Groups RBC (M/mm’) MCV (fi) Hct (%0) MCH (pg) MCHC (g/dl) RDW Hb (g/dl)
Control 7.20+0.82 59.80+1.30 42.96+4.15 20.88+0.49 35.04+0.89 9.42+0.52 15.08+1.61
Alcohol 2.5g/kg 7.29+0.91 57.06+1.67 41.50+4.66 19.78+0.86 34.74+1.18 9.62+0.40 14.42+1.49
Alc 3.5g/kg 8.46+1.24 57.33+0.53 48.45+6.89 19.73+0.46 34.52+0.66 9.73+0.29 16.717+2.15
Alc 4.5g/kg 8.37+0.99 57.40+1.50 47.86+4.56 19.38+1.85 33.80+2.55 9.68+0.96 16.12+0.91
Paracetamol 40mg/kg 7.46+1.11 56.28+1.83 41.98+6.87 19.52+0.52 34.76+0.46 10.0240.30  14.62+2.42
Paracetamol 400mg/kg 7.75+0.78 57.20+2.40 44.16+3.39 20.48+1.22 35.90+1.45 9.94+0.76 15.84+0.83
Alc 2.5g/kg + Para 40mg/kg 7.89+0.59 58.70+2.34 46.22+3.02 20.38+0.83 34.84+0.93 9.40+0.74 16.10+0.74
Alc 2.5g/kg + Para 400mg/kg 7.40+1.60 60.92+5.53 44.44+6.99 20.56+0.91 33.94+1.71 9.52+0.59 15.14+2.73
Alc 3.5g/kg + Para 40mg/kg 8.23+1.11 56.23+2.36 46.35+7.91 19.75+0.87 35.23+0.59 10.3240.62  16.33+2.63
Alc 3.5g/kg + Para 400mg/kg 7.69+0.66 58.90+0.66 45.24+3.85 20.80+1.03 35.40+1.54 9.96+0.82 16.02+1.13
Alc 4.5g/kg + Para 40mg/kg 7.39+1.58 56.72+2.31 41.74+8.37 20.20+1.66 35.72+2.13 9.20+0.84 14.84+2.54
Alc 4.5g/kg + Para 400mg/kg 7.40+1.49 58.14+1.74 43.04+9.13 20.38+0.66 35.12+0.58 9.44+0.59 15.14+3.17

RBC= Red blood cells, MCV= Mean corpuscular volume, Hct= Hematocrit, MCH= Mean corpuscular hemoglobin, MCHC =
Mean corpuscular hemoglobin concentration, RDW= Red cell distribution width, Hb= Hemoglobin, Alc= Alcohol and Para=
Paracetamol. No significant (p > 0.05) variations between control and treatments.
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Groups Thromboctes (M/mm3) MPV (fl) Plateletocrit (%) PDW

Control 1498+410.47 6.50+0.12 0.97+0.27 7.34+0.38
Alcohol 2.5g/kg 1633+792.67 6.42+0.16 1.05+0.52 7.30+0.10
Alc 3.5g/kg 1961+731.41 6.40+0.24 1.26+0.47 6.88+0.28
Alc 4.5g/kg 2700+527.37 6.56+0.15 1.78+0.36 7.44+0.37
Paracetamol 40mg/kg 2074+469.26 6.52+0.15 1.35+0.30 7.42+0.25
Paracetamol 400mg/kg 2711+1152.42 6.46+0.27 1.76+0.76 7.38+£0.16
Alc 2.5g/kg + Para 40mg/kg 2571+625.46 6.54+0.32 1.67+0.34 7.66+0.32
Alc 2.5g/kg + Para 400mg/kg 2572+1636.75 6.82+0.30 1.91+1.24 7.56+0.59
Alc 3.5g/kg + Para 40mg/kg 2268+552.27 6.50+0.13 2.078+0.36 7.62+0.13
Alc 3.5g/kg + Para 400mg/kg 2482+602.32 6.60+0.29 1.64+0.42 7.50+0.51
Alc 4.5g/kg + Para 40mg/kg 1079+542.64 6.68+0.44 0.74+0.43 7.60+0.47
Alc 4.5g/kg + Para 400mg/kg 1073+237.69 6.40+0.12 0.69+0.16 7.38+0.05

MPV= Mean platelet volume, PDW= Platelet distribution width, Alc= Alcohol and Para= Paracetamol. There were non-

significant (p > 0.05) variations between control and other treatments,
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4.4 Effects of alcohol and paracetamol on biochemical parameters

4.4.1 Liver functions

Most of the treatments with alcohol or paracetamol were found not to affect the
serum albumin levels. However, rats given 4.5 g/kg of alcohol, 400 mg/kg
paracetamol, and 2.5 g/kg plus 400 mg/kg paracetamol were found to have

significantly (p < 0.05) low levels of serum albumin (Table 4.4).

The total and direct serum bilirubin levels were significantly (p < 0.05) elevated
in rats treated with 4.5 g/kg alcohol, 3.5 g/kg of alcohol plus 400 mg/kg of
paracetamol, 4.5 g/kg of alcohol plus 40 mg/kg and 4.5 g/kg of alcohol plus 400
mg/kg of paracetamol. The rats treated with 400 mg/kg of paracetamol had direct

serum bilirubin levels significantly (p < 0.05) elevated.

Gamma glutamyltransferase was significantly (p < 0.05) elevated in the groups
treated with paracetamol 400 mg/kg, 3.5 g/kg of alcohol plus 400 mg/kg of
paracetamol, 4.5 g/kg of alcohol plus 40 mg/kg of paracetamol and 4.5 g/kg of

alcohol plus 400 mg/kg of paracetamol.
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Serum profiles of enzyme aspartate aminotransferase (AST) was significantly (p <
0.05) elevated in rats treated with alcohol 3.5 g/kg and 4.5 g/kg, paracetamol 400
mg/kg, alcohol 2.5 g/kg plus paracetamol 400 mg/kg, 4.5 g/kg of alcohol plus 40
mg/kg paracetamol and 4.5 g/kg of alcohol plus 400 mg/kg (Table 4.4). However,

for ALT, it was only elevated in rats treated with alcohol 4.5 g/kg.

The critical AST/ALT ratio was determined and it was observed that the control
group had a value of 1.93 which was within the normal range of < 2 (Figure 4.3).
The group that was that treated with 40 mg/kg of paracetamol had normal ratio.
All the other groups’ ratios were above the normal values with the 4.5 g/kg of
alcohol plus 400 mg/kg of paracetamol treated group recording a very high ratio

of 3.23.
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Table 4.4: Comparison of liver function tests of rats following treatment with alcohol and paracetamol.

Groups ALB (mg/ml)  TBIL (umol/L) DBIL (umol/L) GGT (U/L) AST (U/L) ALT (U/L)
Control 41.8+3.90 2.4940.60 0.73+0.34 0.94+0.18 193.6+21.65  104+26.08
Alc 2.5 glkg 37.07+£1.92 2.77+0.66 1.28+0.61 1.86+0.68 319.60+£37.67 109.80+14.36
Alc 3.5 g/lkg 37.05+2.24 3.19+0.71 1.79+0.40 2.14+0.66 337.80+34.97* 118.60+12.31
Alc 4.5 g/kg 31.77+3.26 4.48+1.40* 3.06+0.91* 2.34+0.80 451.20485.02* 160.20+29.02*
Para 40mg/kg 40.13+£3.42 2.59+0.55 0.67+0.14 1.76+0.89 190.80+40.80 111.00+17.56
Para 400mg/kg 32.64+1.65 3.23+0.65 2.21+0.51* 4.28+1.76* 357.20+£33.69* 132.80+33.66
Alc 2.5 g/lkg + Para 40mg/kg 35.70+2.23 2.47+0.17 096+0.46 2.06+1.02 249.40+42.32 104.60+11.41
Alc 2.5 g/kg + Para 400mg/kg 33.21+7.25 3.25+0.35 1.35+0.19 2.30+1.11 332.80+£75.80* 137.00+31.21
Alc 3.5 g/kg + Para 40mg/kg 40.32+6.73 3.25+0.25 1.58+0.19 3.32+1.73 324.60+29.75 125.60+12.69
Alc 3.5 g/lkg + Para 400mg/kg 34.56+160 4.62+0.70* 2.00+0.68* 4.84+1.50* 321.40+106.70 136.60+33.89
Alc 4.5 g/kg + Para 40mg/kg 34.48+1.83 4.66+£1.37* 2.77+0.74* 4.00£1.71* 378.00+52.92* 136.60+20.38
Alc 4.5 g/lkg + Para 400mg/kg 34.08+3.75 4.76+£1.02* 3.10+£0.50* 4.44+1.21* 484.20+93.05* 149.20+15.32

There were significant variations between control and treatment groups (p < 0.05). ALB= Albumin, TBIL= Total bilirubin, DBIL= Direct,

AST=Aspartate aminotransferase, ALT=Alanine aminotransferase, GGT=Gamma glutamy! transferase, Alc= Alcohol and Para = Paracetamol.
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Figure 4.3: Effects of alcohol and paracetamol on the ratio of aspartate aminotransferase (AST) to alanine
aminotransferase (ALT). Alc = alcohol; Para = paracetamol.
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4.4.2 Kidney functions

Urea and creatinine levels in the control group were 8.71+1.54 mmol/L and
44.53+7.98 umol/L respectively (Table 4.5). In the treatment groups, the levels of
urea and creatinine were stable except in the group that was treated with 4.5 g/kg
of alcohol where urea levels were significantly (p < 0.05) elevated to 11.25+0.80
mmol/L and in the groups treated with 4.5 g/kg of alcohol plus 400 mg/kg of
paracetamol where urea and creatinine levels were significantly (p < 0.05)

elevated to 11.56+1.12 mmol/L and 73.20+15.67 pmol/L respectively (Table 4.5).

Table 4.5: Effects of alcohol and paracetamol on urea and creatinine levels in

a rat model.
Groups Urea (mmol/L) Creatinine (umol/L)
Control 8.71+1.54 44.53+7.98
Alc 2.5 g/kg 10.47+1.06 46.94+12.50
Alc 3.5 g/kg 10.69+1.50 46.55+3.21
Alc 4.5 g/kg 11.25+0.80* 59.61+£11.19
Para 40mg/kg 8.94+1.18 57.66+7.97
Para 400mg/kg 9.40+0.48 56.61+4.23
Alc 2.5 g/kg + Para 40mg/kg 9.24+1.00 54.06+11.19
Alc 2.5 g/kg + Para 400mg/kg 9.45+£1.40 54.28+6.37
Alc 3.5 g/kg + Para 40mg/kg 9.87+£1.63 48.17+£9.34
Alc 3.5 g/kg + Para400mg/kg 11.06+£0.73 49.28+6.45
Alc 4.5 g/kg + Para 40mg/kg 10.71+0.99 55.45+8.59
Alc 4.5 g/kg + Para 400mg/kg 11.56+1.12* 73.20+15.67*

There was significant difference (p < 0.05) between control and other treatments.
Alc= Alcohol, Para= Paracetamol.
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4.4.3 Blood sugar levels

The glucose levels in rats treated with 3.5g/kg alcohol, 4.5 g/kg alcohol, 3.5 g/kg
alcohol plus 40 mg/kg paracetamol and 4.5 g/kg of alcohol plus 40 mg/kg of
paracetamol were significantly (p < 0.05) lower than those of the control group. In
contrast, glucose levels were significantly (p < 0.05) elevated in groups treated
with 2.5 g/kg of alcohol plus 400 mg/kg of paracetamol and 4.5 g/kg of alcohol

plus 400 mg/kg of paracetamol (Figure 4.4).
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Figure 4.4: Glucose level in rats subjected to alcohol and paracetamol
treatment.

The p value is for multiple comparisons between control and other treatments: * p < 0.05. Para =
Paracetamol and Alc= Alcohol.

A = Control G = Alcohol 2.5 g/kg + paracetamol 40 mg/kg
B = Alcohol 2.5 g/kg H = Alcohol 2.5 g/kg + paracetamol 400 mg/kg
C = Alcohol 3.5 g/kg I = Alcohol 3.5 g/kg + paracetamol 40 mg/kg
D = Alcohol 4.5 g/kg J = Alcohol 3.5 g/kg + paracetamol 400 mg/kg
E = Paracetamol 40 mg/kg K = Alcohol 4.5 g/kg +paracetamol 40 mg/kg

F = Paracetamol 400 mg/kg L = Alcohol 4.5 g/kg +paracetamol 400 mg/kg

-
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4.5 Effects of paracetamol and alcohol on rat tissues

4.5.1 Liver histopathology

Control group and those treated with 40 mg/kg paracetamol did not show tissue
pathology. However, all other treatments showed cytoplasmic vacuolization and
infiltration by inflammatory cells (Table 4.6). Steatosis and hepatocellular
necrosis was observed in most treatment groups except those that received alcohol

at doses of 2.5 and 3.5 g/kg (Table 4.6; Figure 4.5).

4.5.2 Kidney histopathology

Histological features of the control group indicated normal tissue devoid of
pathology (Table 4.7; Figure 4.6). All treatment groups showed -cellular
infiltration and cytoplasmic vacuolization, but the latter was absent in rats that
received 40 mg/kg of paracetamol. Rats that were treated with 400 mg/kg of
paracetamol and combinations of alcohol and paracetamol had patches of cellular
necrosis. While those treated with 400 mg/kg paracetamol, 2.5 g/kg alcohol plus
400 mg/kg paracetamol, 3.5 g/kg alcohol plus 400 mg/kg paracetamol and 4.5
g/kg alcohol plus 400 mg/kg paracetamol in addition had sinusoid formation

(Table 4.7; Figure 4.6).
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Table 4.6: Histological changes on liver of rats subjected to different treatment regimens of alcohol and paracetamol.

Groups Cytoplasmic Infiltration of Steatosis Hepatocellular
vacuolization inflammatory cells Necrosis
Control - - - -
Alc 2.5 g/kg + + - -
Alc 3.5 g/kg + + - -
Alc 4.5 g/kg + + + +
Para 40 mg/kg - - - -
Para 400 mg/kg + + + +
Alc 2.5 g/kg + Para 40 mg/kg + + + +
Alc 2.5 g/lkg + Para 400 mg/kg + + + +
Alc 3.5 g/kg + Para 40 mg/kg + + + +
Alc 3.5 g/kg + Para 400 mg/kg + + + +
Alc 4.5 g/kg + Para 40 mg/kg + + + +
Alc 4.5 g/kg + Para 400 mg/kg + + + +

Alc= Alcohol and Para= Paracetamol
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Figure 4.5: Liver photomicrographs showing the morphological changes induced by alcohol and paracetamol: (A)
Control, (B) Alcohol 2.5 g/kg, (C) Alcohol 3.5 g/kg, (D) Alcohol 4.5 g/kg, (E) Paracetamol 40 mg/kg, (F) Paracetamol 400
mg/kg. Labelled regions indicate changed morphology as marked (CV; cell vacuolization, S; steatosis, IFN; infiltration, N;
necrosis). Magnification X400.
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Figure 4.5: Liver photomicrographs showing the morphological changes induced by alcohol and paracetamol: (G)

Alcohol 2.5 g/kg + paracetamol 40 mg/kg, (H) Alcohol 2.5 g/kg + paracetamol 400 mg/kg, (1) Alcohol 3.5 g/kg + paracetamol
40 mg/kg, (J) Alcohol 3.5 g/kg + paracetamol 400 mg/kg, (K) Alcohol 4.5 g/kg + paracetamol 40 mg/kg, (L) Alcohol 4.5 g/kg
+ paracetamol 400 mg/kg. Labelled regions indicate changed morphology as marked (CV; cell vacuolization, S; steatosis, IFN;

infiltration, N; necrosis). Magnification X400
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Table 4.7: Histological changes on kidney of rats subjected to different treatment regimens of alcohol and paracetamol.

Groups Cytoplasmic Infiltration of Sinusoid Necrosis
vacuolization  inflammatory formation
cells
Control - - - -
Alc 2.5 g/kg + + - -
Alc 3.5 g/kg + + - -
Alc 4.5 g/kg + + - -
Para 40 mg/kg - + - -
Para 400 mg/kg + + + +
Alc 2.5 g/kg + Para 40mg/kg + + - +
Alc 2.5 g/kg + Para 400mg/kg + + + +
Alc 3.5 g/kg + Para 40mg/kg + + - +
Alc 3.5 g/kg + Para 400mg/kg + + + +
Alc 4.5 g/kg + Para 40 mg/kg + + - +
Alc 4.5 g/kg + Para 400 mg/kg + + + +

Alc= Alcohol, Para= Paracetamol
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Figure 4.6: Kidney photomicrographs the morphological changes induced by different treatments: (A) Control, (B)
Alcohol 2.5 g/kg, (C) Alcohol 3.5 g/kg, (D) Alcohol 4.5 g/kg, (E) Paracetamol 40 mg/kg, (F) Paracetamol 400 mg/kg. Marked
regions indicate regions with changed morphology (S; sinusoids, CV; cell vacuolization, IFN; infiltration and N; necrosis).
Magnification X400.
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Figure 4.6: Kidney photomicrographs the morphological changes induced by different treatments: (G) Alcohol 2.5
g/kg + paracetamol 40 mg/kg, (H) Alcohol 2.5 g/kg + paracetamol 400 mg/kg, (1) Alcohol 3.5 g/kg + paracetamol 40
mg/kg, (J) Alcohol 3.5 g/kg + paracetamol 400 mg/kg, (K) Alcohol 4.5 g/kg + paracetamol 40 mg/kg, (L) Alcohol 4.5
g/kg + paracetamol 400 mg/kg. Marked regions indicate regions with changed morphology (S; sinusoids, CV; cell

vacuolization, IFN; infiltration and N; necrosis). Magnification X400.
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CHAPTER FIVE

DISCUSSION, CONCLUSIONS, RECOMMENDATIONS AND FUTURE

RESEARCH

5.1 Discussion

This study compared the effects of individual and combined treatments of alcohol
and paracetamol on the biological systems of a rat model. Individually, alcohol
(>3.5g/kg) and paracetamol (400 mg/kg) caused listlessness, rough hair coat and
poor appetite in rats. These results are consistent with those of Ning et al. (2012)
and Juma et al. (2015). Review of literature shows no information on the effects
of combined use of alcohol and paracetamol on physical features of animal
model. When the two drugs were used together in this study, they had similar
effects on morphological features as the individual treatments. Factors that affect
morphological characteristics of rodents include climate, sickness, distress and
pain (Evans and Maltby, 1989; Lee et al.,, 2003; Mayer, 2007; Feng and
Himsworth, 2014). Here, the subtle changes in the physical features of the study

animals is likely due the effects of the drugs.

Multiple comparisons of the control and treated groups showed that initially
alcohol had insignificant effect on body weight but on the fourth week there was
significant weight gain. Previous studies on the impact of alcohol on bodyweight

are contentious with some reports showing a positive correlation (Arif et al.,
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2005; Aguiar et al., 2009) and others an inverse association (French et al., 2010;
Macdonald et al., 2010). The weight gain reported here is indicative of positive
energy balance due to the calorific effect of ethanol (Wang et al., 2010). The
mechanism through which alcohol may modify energy balance and subsequently
body weight, include impact on nutrient digestion and absorption, interference
with lipid oxidation, thermogenesis, and enhanced adenosine triphosphate

breakdown (Lieber, 1991; Suter and Tremblay, 2005; Wang et al., 2010).

Paracetamol also had an insignificant effect on the body weight except for the 40
mg/kg group that recorded weight gain in week four. This is a new finding for the
drug and further research is required to establish whether the weight gain is drug
related or an isolated event. When administered together alcohol and paracetamol
showed initial weight loss that was reversed to weight gain in week four. This
implies that simultaneous use of the drugs can result either an energy surplus or

deficit, and the former is due to the effects of alcohol.

In the current study, alcohol and paracetamol had no significant effect on the
hematological profile. Previous studies on the same show inconsistent findings
with alcohol reporting increase (Geidam et al., 2004) who used 1ml/100g body
weight of 30% alcohol, decrease (Das and Vasudevan, 2005; Onyango et al.,
2017) who used 1.14g/kg and 5g/kg body weight respectively or no effect (Stanly

et al., 2003; Oyedeji et al., 2013) who used 2.4g/kg and 10mg/kg body weight of
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alcohol respectively. Similar mixed results have also been observed with
paracetamol (Payasi et al., 2010; Senthilkumar et al., 2014; Dwivedi et al., 2015;
Samuel et al., 2015; Guiloski et al., 2017) who used 16.6, 33.6 and 66.6 mg/kg,
2000mg/kg, 900mg/kg body weight, 300mg and 250mg of paracetamol
respectively. Disagreement in results between studies could be attributed to
factors such as the amount and duration of alcohol treatment and the experimental
model employed. Changes in hematological profiles is an indication of
interference with the bone marrow and the immune system. It is therefore
concluded that alcohol and paracetamol may not have influenced the activity of

the two systems.

The most important clinical manifestation of chronic alcohol abuse is alcoholic
liver disease. The condition is characterized by steatosis, hepatitis and cirrhosis
(Seitz and Bucker, 2007). Due to cellular damage, elevated liver enzymes is a
common scenario among patients suffering from liver disease (Marsano et al.,
2003; Hyder et al., 2013; Torruellas et al., 2014). In this study, AST was high in
animals treated with 3.5 g/kg alcohol while those given 4.5 g/kg had elevated
AST and ALT. The elevated enzymes, reduced albumin, and increased bilirubin is
an indication of liver injury, a phenomenon that was supported by
histopathological data. These results reaffirms that alcohol is hepatotoxic and the
effect was dose dependent. Interestingly, AST/ALT ratio was higher than the cut

off value of 2 in all alcohol treatments. This implies that the index is a more
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predictive biomarker tool for alcohol exposure and hepatic injury. A result also

consistent with the histopathology results of the liver sections.

At 400 mg/kg dose, paracetamol caused elevation of GGT and AST. The fact that
GGT was only elevated with the high dose of paracetamol and not alcohol is an
indication that the former was more hepatotoxic. This could be due to differences
in the LDso and mechanisms of toxicity of the drugs. For alcohol, the LDso in rat
is 7060 mg/kg (LHS, 2004) and hepatocytes injury is caused by oxidative stress
due to enhanced generation of reactive oxygen species and depletion of
antioxidant defense system (Schlorff et al., 1999; Neuman et al., 2015). For
paracetamol the LDso is >4000 mg/kg (Huynh, 2009) and cellular damage is due
to lipid peroxidation induced by the reactive metabolite NAPQI (Song et al.,

2004).

When alcohol and paracetamol were administered separately at 4.5 g/kg and 40
mg/kg, respectively, the GGT levels were normal, but the enzyme levels were
elevated when the drugs were administered together. Besides, that 4.5 g/kg of
alcohol and 400 mg/kg of paracetamol, had AST/ALT ratio that was >3, a value
that is indicative of advanced liver injury (Nyblom et al., 2004). These results
show that combined use of paracetamol and alcohol exhibited more extensive
liver damage and this was supported by histopathological analysis findings.

Toxicity due to the combined use of the drugs can be attributed to the fact that
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alcohol reduces glutathione content thus reducing the margin of safety of
paracetamol (Weathermon and Crabb, 1999). This means that chronic and excess
use of paracetamol in management of hangover among heavy users of alcohol can
increase the risk of liver disease. On the other hand moderate dosages of the drugs

are well tolerated and they therefore exhibit a lower risk of liver disease.

Assessment of renal function showed that paracetamol did not affect serum urea
and creatinine but 4.5 g/kg alcohol caused uraemia. High blood urea is a
consequence of several conditions such as kidney disease, blocked urinary tract,
high protein diets, congestive heart failure and dehydration (Gotsman et al., 2010;
Gowda et al., 2010; Schwingshackl and Hoffmann, 2014; Lopez-Giacoman and
Madero, 2015). In this experimental model, it is reasonable to conclude that the

uraemia is pathologically linked to the alcohol induced renal injury.

Studies on concurrent use of alcohol and paracetamol are controversial. Some
reports suggest that paracetamol at therapeutic doses is safe and effective even in
chronic alcoholics (Kuffner et al., 2001, Graham et al., 2005). However, other
indicate that the drug can cause kidney diseases in patients with alcohol
dependency (Blakely and McDonald, 1995; Dart et al., 2000). In the current work
simultaneous use of the two alcohol and paracetamol resulted in significant
elevation of urea and creatinine in animals treated with 4.5 g/kg of alcohol and

400 mg/kg of paracetamol. Histopathological results showed more renal
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pathology when both drugs were used together than when used individually.
Increased toxicity can be explained from the observation that interaction of
alcohol and paracetamol result in the increased production of NAPQI, the highly
toxic metabolite of paracetamol (Lukasik-Glebocka and Klimaszyk, 2001).These
result therefore suggest that use of high dosages of paracetamol (400mg/kg)

among chronic users of alcohol increases the risk of kidney disease.

Experimental animals treated with paracetamol had normal levels of blood
glucose, while those given 3.5 g/kg and 4.5 g/kg of alcohol displayed low sugar
levels. Depending on the circumstance alcohol can cause hypoglycaemia (Liu et
al., 2008) or hyperglycaemia (Athyros et al., 2008) and this is because of its
influence over insulin and glucagon, both of which are the hormones involved in

glucose counter-regulation (Kolaczynski et al., 1988).

When alcohol and paracetamol were given together there was no clear pattern on
their effect on blood sugar as levels were either normal, low or high. Although
information on the combined effect of the drugs on blood sugars is limited,
reports on individual drugs indicate contrasting results. Liu et al. (2008) reported
that low to moderate doses of alcohol have a protective effect against diabetes,
while Vonghia et al. (2008) found that acute alcohol intoxication can elevate
blood glucose. For paracetamol the drug can normalize increased blood glucose

(Shertzer et al., 2008; Jambulingappa et al., 2012) but it is also associated with
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hyperglycemia (Yang et al., 2001). This study and others shows that the effects of
alcohol or paracetamol on blood sugar is influenced by factors such as dosage and
experimental design. This work further suggests that neither of the drugs has a

predominant effect over the other in modulating blood glucose.

5.2 Conclusions

i) Alcohol and paracetamol individually or combined did not affect the
hematological profile of rats.

i) In moderate doses paracetamol is safe, but high doses of the drug and
chronic use of alcohol is hepatotoxic. In combination, the drugs increased
the risk of liver injury.

iii)  Individually, alcohol and paracetamol have a low risk of renal damage but

when used together the risk is increased.

5.3 Recommendations

i) Paracetamol at a dose of 40 mg/kg is safe. However, a dose of 400 mg/kg
is toxic and can cause liver and kidney damage.
i) Caution to be taken against routine use of paracetamol among heavy users

of alcohol as there is increased risk of hepatic and renal diseases.
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5.4 Future Research

i)  To perform dose response experiments to clarify whether combined use of
alcohol and paracetamol causes positive or negative energy balance.
i) To conduct experiments to establish the sensitivity range of the AST/ALT

index as a biomarker tool for hepatic injury in heavy alcohol users.
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