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ABSTRACT:

Aluminium is presents in many manufactured foods, medicines and is also added to drinking water for purification
purposes. It presence has so heavily contaminated the environment that exposure to it is virtually inescapable. The liver is the
largest gland of the body that processes blood and breaks down nutrients, drugs into forms that are easier to use for the rest of
the body. This study was aimed at evaluating the possible effects that aluminium chloride exposure could have on the
histology of the liver. Ten wistar rats were used and were divided into five groups; group | was the control, group Il received
475mg kg™, group 11 received 950mgkg™, group IV received 1,425mg kg™ and group V received 1,900mg kg™ via oral
intubation for duration of eight weeks. The liver tissues was fixed, processed, stained in H&E and slides viewed under light
microscope. Our observations showed that aluminium chloride exposure was detrimental to the liver of wistar rats, as
indicated by congested central vein and distorted sinusoids.
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INTRODUCTION:

The liver is the largest gland of the body, weighing 1200 -1600g; it is wedge-shaped, and covered by a network of
connective tissue (Glisson's capsule). Situated in the upper right portion of the abdominal cavity, the liver is divided by
fissures (fossae) into four lobes: the right (the largest lobe), left, quadrate and caudate lobes. The liver is located in the upper
right-hand portion of the abdominal cavity, beneath the diaphragm, and on top of the stomach, right kidney and intestines.
Shaped like a cone, the liver is a dark reddish-brown organ.

Venous blood from the entire gastrointestinal tract (containing nutrients from the intestines) is brought to the liver
by the hepatic portal vein. Branches of this vein pass in between the lobules and terminate in the sinusoids. Oxygenated blood
is supplied in the hepatic artery. The blood leaves the livervia a central vein in each lobule, which drains in the hepatic vein.
Microscopic structure of the liver consists of the following:

I.  Lobules - hexagonally shaped functional units of the liver, made up of liver cells arranged in one-cell-thick plate-
like layers that radiate from the central vein to the edge of the lobule.

I.  Sinusoids - small blood vessels between the radiating rows of hepatocytes. They receive oxygen-rich blood from the
hepatic artery and nutrients from the intestines via the portal vein. Oxygen and nutrients diffuse through the
capillary walls into the liver cells.

I1l. Portal area - situated at the corner of each lobule, it is a complex composed of branches of the hepatic portal vein,
hepatic artery, bile duct and nerve.

IV. Bile ducts - any of the ducts that convey bile from the liver. Bile is drained from the liver cells by many small ducts
that unite to form the main bile duct of the liver, the hepatic duct. This joins the cystic duct, which leads from the
gallbladder, to form the common bile duct, which drains into the duodenum.

V. Central vein - a blood vessel in the middle of each lobule which receives blood from the hepatic portal vein and
hepatic artery via the sinusoids and drains the blood into the hepatic vein [1-3].

The liver is our greatest chemical factory, it builds complex molecules from simple substances absorbed from the digestive
tract, it neutralizes toxins, it manufactures bile which aids fat digestion and removes toxins through the bowels [4]. But the
ability of the liver to perform these functions is often compromised by numerous substances we are exposed to on a daily
basis; these substances include certain medicinal agents which when taken in over doses and sometimes when introduced
within therapeutic ranges injures the organ [5].
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The liver regulates most chemical levels in the blood and excretes a product called bile, which helps carry away
waste products from the liver. All the blood leaving the stomach and intestines passes through the liver. The liver processes
this blood and breaks down the nutrients and drugs into forms that are easier to use for the rest of the body. More than 500
vital functions have been identified with the liver. Some of the more well-known functions include the following:

e Production of bile, which helps carry away waste and break down fats in the small intestine during digestion
Production of certain proteins for blood plasma
Production of cholesterol and special proteins to help carry fats through the body
Conversion of excess glucose into glycogen for storage (glycogen can later be converted back to glucose for energy)
Regulation of blood levels of amino acids, which form the building blocks of proteins
Processing of hemoglobin for use of its iron content (the liver stores iron)
Conversion of poisonous ammonia to urea (urea is an end product of protein metabolism and is excreted in the
urine)
Clearing the blood of drugs and other poisonous substances
e Regulating blood clotting
e Resisting infections by producing immune factors and removing bacteria from the bloodstream.

Aluminium is ubiquitous element and the third most prevalent (abundant) element in the earth's crust, comprising
approximately 8% of the earth’s crust, exceeded only by oxygen (47%) and silicon (28%). The elemental aluminium does not
occur in its pure state but is always combined with other elements such as chloride, hydroxide, silicate, sulphate and
phosphate. The wide distribution of this element ensures the potential for causing human exposure and harm [6-9].Evidence
for contribution of aluminium to Alzheimer’s disease remains contradictory [10-11]. Epidemiological studies have indicated
a link between aluminium in drinking water and Alzheimer’s disease (AD) and a variety of human and animal studies have
implicated learning and memory deficits after aluminium exposure [12-15]. Aluminium chloride was implicated to have
negative effects on behavioural endpoints of wistar rats( i.e. alters behaviour), have negative effects on anxiety-related
behaviour of wistar rats as it increased the rate of anxiety in aluminium treated rats, had neurodegenerative effects on the
histology of cerebral cortex of adult wistar rats especially at higher dose, was also said to have detrimental effects on the
integrity of the testes of wistar rats , and also decrease the level of sperm count, but did not result into infertility. [16-20].This
study was aimed at evaluating the possible effects that aluminium chloride could have on the histology of the liver of adult
wistar rats.

MATERIALS AND METHODS:

This experiment was conducted in the Department of Human Anatomy, Faculty of Medicine, Ahmadu Bello
University, Samaru, Zaria, Nigeria.

Experimental Animals:

Ten adult wistar rats were used for this experiment. The wistar rats were housed in steel cages in the animal house of
Department of Human Anatomy, Faculty of Medicine, Ahmadu Bello University, Zaria, Nigeria; they were given sufficient
food, water and kept under good ventilation. The wistar rats were kept for two weeks before commencement of aluminium
chloride administration. This was to enable the wistar rats acclimatized to the environment.

Experimental Design:

The wistar rats were divided into five groups; group | was the control, group Il received 475mg Kg™, group 111 received
950mg kg™, group 1V received 1,425mg kg™ and group V received 1,900mg kg™ via oral intubation for duration of eight
weeks.

Tissue processing and staining:

The wistar rats were humanely sacrificed by anesthetizing them in a suffocating chamber using chloroform, after the
end of eight weeks of administrations of various concentrations of aluminium chloride except the control group | that
received distil water only. The abdominal region was dissected and the liver tissues were removed, and immediately fixed in
10% formalin. After fixation, the tissues were transferred into an automatic processor where they went through a process of
dehydration in ascending grades of alcohol (ethanol) 70%, 80%, 95% and absolute alcohol for 2 changes each. The tissues
were then cleared in xylene and embedded in paraffin wax. Serial sections of 5 micron thick were obtained using a rotary
microtome. The tissue sections were deparaffinised, hydrated and stained using the routine haematoxylin and eosin staining
method (H&E). The stained sections were examined under the light microscope fitted to a digital camera and lap top.
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RESULTS AND DISCUSSION:

Plate 1.Histology of the normal liver (control group 1) of wistar rats showing the central
vein and radially arranged sinusoids (double arrow) .X400 H&E stain.
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Plate 2. Histology of the liver of wistar rats of group Il showing central vein and
Distorted sinusoids (double arrow). X400 H&E stain.
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Plate 3. Histology of the liver of wistar rats of group 111 showing congested central vein and
Distorted sinusoids (double arrow) .X400 H&E stain
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Plate 1V. Histology of the liver of wistar rats of group 1V showing congested central vein and
Distorted sinusoids (double arrow) .X400 H&E stain.
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Plate V. Histology of the liver of wistar rats of group V showing central vein but
Distorted sinusoids (double arrow) X.400 H&E stain.
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Humans are uniformly exposed to aluminium that is present in the soil, food and drinking water [10]. Aluminium is
potentially neurotoxic although its biological effects are not yet well known [21]. There are several data linking elevated AI**
levels to neurological pathologies such as multiple sclerosis, Guam Parkinson dementia, Parkinson’s disease and Alzheimer’s
disease [22]. It was reported that prolonged aluminium sulphate intake accelerate features of senescence in the adult mice
liver. In Aluminium treated mice as in senescent mice, endothelial thickness was increased and porosity was decreased like
perisinusoidal actin. Furthermore, aluminium stimulated the deposition of collagen and laminin, mainly in acinar zones 1 and
3. Pseudocapillarization and periportal laminin in senescent mice were similar to aluminium treated adult liver and latter
concluded that prolonged aluminium sulphate intake accelerates features of senescence in the adult mice liver [23]. In our
study, there was normal histology of the liver with radially arranged sinusoids from the central vein and the hexagonal shape
of the hepatocytes was maintained with viable hepatic cell (plate 1). There was distorted sinusoids (see Plates 2-5) and
congested central vein (Plates 3and 4) of the liver of the aluminium treated rats.

This was contrary to a report that stated that aluminium given in pharmacologic doses is absorbed but does not
accumulate in the liver [24]. Prolonged aluminium exposure accelerates ageing changes in the adult rat brain [25] and
enhanced aluminium deposition in the brain is a shared characteristic of progressive neurological diseases that are common in
aged populations [26]. The deposition of aluminium in non nervous organs and its subsequent effects are less known. It was
previously described that the effects of aluminium in the rat kidney and liver, where it induces lysosomal activation, increases
iron deposition [27] and hence the liver was involved in aluminum absorption and excretion through biliary flux [28].

During ageing of the liver, besides parenchymal cells (reviewed by [29]), morphological changes involved the
endothelium, bile duct cells and non parenchymal cells [30-31]. In particular, alterations in microvascular hemodynamic in
rats [32] and age related sinusoidal thickening (“pseudocapillarization) has been reported in humans [33],rats [34] and mice
[35-36]. These findings were similar to our observations of distorted sinusoids of the aluminium treated wistar rats (Plates 2-
5).

CONCLUSION:

The aluminium treated wistar rats showed distortion of the arrangement of parenchyma of the liver, loss of radial
arrangement of sinusoids from the central vein of the liver and loss of hexagonal shape of the hepatocytes (plate 2-5) when
compared with the control(plate 1). Based on our histological observations, we therefore conclude that aluminium chloride
exposure was detrimental to the liver of adult wistar rats and hence caution should be taken in its usage.
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