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Abstract

This study investigated the protective and ameliorative potential of aqueous extract of Sorghum
bicolor stem bark against paracetamol-induced hepatotoxicity in rats. Thirty five adult Wistar
rats weighing 150 to 200g were randomized into seven groups of five animals each. Group A
(control) received distilled water of equal volume to extract (Iml), group B received 200mg/kg
body weight. (bw) aqueous extract of Sorghum bicolor stem bark for 7days, group C received
300mg/kg bw paracetamol for 1 day, group D received 300mg/kg bw paracetamol for 1 day plus
aqueous extract of Sorghum bicolor stem bark (200mg/kg bw) for 7 days, group E received
300mg/kg bw paracetamol for 1 day plus silymarin (100mg/kg bw), group F received 200mg/kg
bw aqueous extract of Sorghum bicolor stem bark for 7 days plus paracetamol (300mg/kg bw)
for 1 day and group G received silymarin (100mg/kg bw) and paracetamol (300mg/kg bw). All
solutions were administered orally for 8 days. At the end of the administration, animals were
sacrificed under chloroform anesthesia, and blood samples collected via cardiac puncture. Blood
samples were used to calculate concentrations of hemoglobin, red blood cells, and white blood
cells, packed cell volume, mean haemoglobin volume, mean corpuscle haematocrit, and mean
corpuscle haemoglobin concentration. Sera were obtained to assay the levels of liver enzymes
including aspartate amino transferase, alanine amino transferase, alkaline phosphatase, and
serum bilirubin, Paraffin sections of liver were stained for histology using hematoxylin and
eosin, and for histochemistry using Masson’s trichome, Gordon & Sweets, and Periodic acid
schiff’s staining techniques. Results showed that in group C there was congestion of hepatic
portal triad, sinusoids were dilated, and there was necrosis of hepatocytes nuclei. In group B that

was given aqueous extract of Sorghum bicolor stem bark only, liver architecture was normal,
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group D and G showed mild portal triad congestion, mild dilated sinusoids, presence of massive
inflammatory cells, hepatocytes showed dysplastic changes, Group E an F showed mild portal
triad congestion, mild dilated sinusoids, reduced inflammatory cells, and dysplastic changes.
Group C showed significant increase in the activities of aspartate aminotransferase, alanine
aminotransferase, bilirubin and alkaline phosphatase compared to each of group A and B
(p<0.05). However, the level of these enzymes significantly reduced in groups D, E, F and G
compared to group C (p<0.05). In comparison with the control group , there was no significant
increase in the value of packed cell volume value across the experimental groups, but there was
significant difference when compared with the extract only group (p<0.05). There was a
significant increase in the hemoglobin and red blood cells of extract only group, when compare
to the paracetamol-induced toxicity group (p<0.05), but there was no significant difference
when compared to the other experimental groups and control. Other hematological parameters

showed no significant difference across the all the groups (p>0.05).

The results of this study indicated that toxic dose of paracetamol was hepatotoxic, and Sorghum

bicolor stem bark extract had ameliorative and protective effect on the liver damage.
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CHAPTER ONE
1.0 Introduction

The liver is the largest gland in the body and, after the skin, the largest single organ
(Moore et al., 2010). It weighs between 1.5 kg and 2.0 kg in the average adult human and is
located in the right upper quadrant of the abdomen where it is protected by the thoracic cage and
diaphragm (Moore et al., 2010). The blood flow to the liver is around 20% to 25% of the total
cardiac output (Burt & Day, 2002). The liver receives a dual blood supply with about 30% of
blood coming from the hepatic artery and 70% from the portal circulation (Burt & Day, 2002).
The liver is closely associated with the small intestine, processing the nutrient-enriched venous
blood that leaves the digestive tract (Moore et al., 2010).

Almost all blood that enters the liver via the portal tract originates from the
gastrointestinal tract as well as from the spleen, pancreas and gallbladder (Moore et al., 2010). A
second blood supply to the liver comes from the hepatic artery, branching directly from the
celiac trunk and descending aorta (Moore et al., 2010). The portal vein supplies venous blood
under low pressure conditions to the liver, while the hepatic artery supplies high-pressured
arterial blood. Since the capillary bed of the gastrointestinal tract already extracts most oxygen,
portal venous blood has low oxygen content. Blood from the hepatic artery on the other hand,
originates directly from the aorta and is, therefore, saturated with oxygen. Blood from both
vessels joins in the capillary bed of the liver and leaves via central veins to the inferior cava

vein.
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The liver performs over 500 metabolic functions, resulting in synthesis of products that
are released into the blood stream (e.g. glucose derived from glycogenesis, plasma proteins,
clotting factors and urea), or that are excreted to the intestinal tract (bile) (Jeyakananthan, 2004).
Also, several products are stored in liver parenchyma (e.g. glycogen, fat and fat soluble
vitamins). It is involved with almost all the biochemical pathways responsible for growth, fight
against disease, nutrient supply, energy provision and reproduction (Ward & Daly, 1999). The
major functions of the liver are carbohydrate, protein and fat metabolism, detoxification, blood
coagulation, immunomodulation, secretion of bile and storage of vitamins (Guyton & Hall,
2001).

Two major types of reactions occur in the liver in the presence of exogenous substances.
The first involve chemical modification of functional groups by oxidation, reduction,
hydroxylation, sulfonation and dealkylation. Various enzymes including mixed oxidases,
cytochromes P-450, and the glutathione S-acyltransferases are involved in such biochemical
transformations that usually lead to inactivation of drugs. This step is usually followed by
conversion of the resulting metabolites into more water-soluble derivatives that are excreted in
the bile or urine via coupling with glucuronate, sulfate, acetate, taurine or glycine moieties
(Ram, 2001).

Hepatotoxicity is defined as an injury to the liver that is associated with impaired liver
function caused by exposure to a drug or another non-infectious agent (Navarro & Senior, 2006).
Liver damage inflicted by hepatotoxic agents is of grave consequences (Subramoniam &
Pushpangadan, 1999). Liver ailments represent a major global health problem (Baranisrinivasan
et al., 2009). Liver cirrhosis is the ninth leading cause of death in the USA (Kim et al., 2002).

Toxic chemicals, xenobiotics, alcohol consumption, malnutrition, anaemia, medications,
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autoimmune disorders (Marina, 2006), viral infections (hepatitis A, B, C, D, etc.) and microbial
infections are harmful and cause damage to the hepatocytes. Chemical induced damage of
animal liver, especially rodents, mimic both pathogens induced as well as chemical induced liver
injury in man. Hepatotoxic chemicals cause damage to the liver cells mainly by inducing lipid
peroxidation and other oxidative events (Dianzani et al., 1991).

Paracetamol (N-acetyl-para-aminophenol) is discovered in 1889 and is an active metabolite of
phenacetin. (Brown RA, 1968) It is widely used analgesics (pain reliever) and antipyretic (fever

reducer), however, it has minimal anti- inflammatory activity compared with aspirin. (Graham,
etal.,2001)

The analgesic effect of paracetamol is probably dependent on the rate and amount of active drug
reaching the CNS, where its analgesic effect takes place. (Piquet et al., 1998) It is believed that
selective inhibition of the enzyme COX-3 in the brain and spinal cord explains the effectiveness
of paracetamol in relieving pain and reducing fever without having unwanted gastrointestinal
side effects. (Chandrasekharan et al., 2002) The fever reducing action of paracetamol was due to
activity in the brain while its lack of any clinically useful anti-inflammatory action was
consistent with a lack of prostaglandin inhibition peripherally in the body. (Flower, Vane, 1972)
However, its mechanism of action is not fully understood but it is generally accepted that
paracetamol is centrally acting drug. (Piletta et al., 1991) Paracetamol is available as oral, rectal
and injectable formulation. (Romsing et al., 2002)

Toxicity from paracetamol is not from the drug itself but from one of its metabolites, N-acetyl-p-
benzoquinoneimine (NAPQI). Paracetamol biotransformation involves conjugation with
glucoronide and sulphate. A small amount of paracetamol is metabolized by mixed function

oxidase enzymes to form highly reactive compound NAPQI1, which is immediately conjugated
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with glutathione and subsequently excreted as cysteine and mercapturic conjugates. In

overdoses, large amounts of paracetamol are metabolised by oxidation because of saturation of
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