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Abstract

Introduction:

Aflatoxins, the secondary metabolites produced by species of

naturally occurring Aspergilli, are commonly found in food such as cereals, dried
fruits juice, and spices. They are hepatotoxic and are well known human carcinogens
based on evidence from human studies. Aflatoxins are an environmental risk factor
for the development of hepatocellular carcinoma (HCC). Chronic hepatitis B patients
are at increased risk of cirrhosis, hepatic failure and liver cancer.
Aim: This study was designed to determine the serum aflatoxin B1 (AFB1) levels in
chronic hepatitis B patients with or without cirrhosis and liver cancer, as well as in
their matched control subjects, in Gaza-Strip.
Methodology: This is a case-control study where Aflatoxin B1 levels in 40 blood
samples of chronic hepatitis B patients and 40 blood samples of healthy subjects
(control group) were determined using ELISA technique.
Results: The mean AFB1 levels in chronic hepatitis B patients without liver cancer
and cirrhosis were significantly higher than healthy controls .
Conclusion: Results suggest that patients with chronic hepatitis B who are exposed to
AFB1 are at increased risk for developing HCC, which might be prevented by
reducing consumption of AFB1-contaminated foods.
Also, according to the study, the presence of aflatoxin B1 in the blood of healthy
control subjects is also an important risk factor to be considered, because it is
evidence of the spread of aflatoxin B1 in the Gaza Strip and is a public health hazard.
Key words: Aflatoxin B1, Chronic hepatitis B, Hepatocellular carcinoma, ELISA,
Gaza.
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الملخص باللغة العربية

المقدمة :األفالتوتكسينات ،وهي المستقلبات الثانوية التي تنتجها انواع من االسبيرجيلي الموجودة في الطبيعة،
توجد في األطعمة مثل الحبوب والفواكه المجففة والعصائر والتوابل ،ولها تأثير سام على الكبد وتعتبر من
المواد المعروفة بإحداث السرطان لإلنسان وبناء على األدلة من الدراسات التي أجريت على االنسان.
األفالتوكسينات هي عامل بيئي خطر لتطور مرض سرطان الكبد .يتعرض مرضى التهاب الكبد ب المزمن
لخطر متزايد لتليف الكبد وفشل الكبد وسرطان الكبد.
الهدف من الدراسة :لقد صممت هذه الدراسة لتحديد مستويات األفالتوكسين ب 1في مرضى التهاب الكبد ب
المزمن الذين يعانون من او بدون تليف الكبد وسرطان الكبد وفي األشخاص الضوابط المطابقين لهم في قطاع
غزة.
الطريقة :هذه دراسة الحالت والشواهد ،حيث تم تحديد مستويات األفالتوكسين ب 1في أربعين عينة دم
لمرضى التهاب الكبد ب المزمن وأربعين عينة دم من األشخاص الضوابط باستخدام تقنية االليسا.
النتائج :كانت مستويات األفالتوكسين ب 1في مرضى التهاب الكبد ب المزمن دون تليف الكبد وسرطان الكبد
أعلى بكثير من األشخاص الضوابط.
الخالصة :تشير هذه النتائج الى ان المرضى الذين يعانون من التهاب الكبد

ب المزمن الذين يتعرضون

لألفالتوكسين ب 1هم في خطر متزايد لتطور سرطان الكبد والتي يمكن الوقاية منه عن طريق التقليل من
استهالك األطعمة الملوثة باألفالتوكسين ب.1
باالضافة أنه حسب الدراسة فإن وجود االفالتوكسين ب 1في دم الضوابط هو عامل خطر مهم يجب أخذه بعين
االعتبار ألنه دليل على انتشار االفالتوكسين ب 1في قطاع غزة ويشكل خطر على صحة السكان.
الكلمات المفتاحية :افالتوكسين ب ،1مرض التهاب الكبد ب المزمن ،سرطان الكبد ،غزة ،فحص االنزيم
المرتبط المناعي.
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Chapter 1
Introduction
1.1 Background
Aflatoxins (AFs), formed by several fungus species of the genus Aspergilli,
are naturally occurring contaminants of agricultural crops, and owing to their
adverse health effects, contamination of food by AFs is of global importance
(International Agency for Research on Cancer et al.,2002; National Toxicology et
al.,2011). The four major types of AFs are aflatoxin B1 (AFB1), aflatoxin B2 (AFB2),
aflatoxin G1 (AFG1) and aflatoxin G2 (AFG2). AFB1 is one of the most potent
carcinogens occurring naturally and classified as carcinogenic to humans by the
International Agency for Research on Cancer (IARC). IARC concluded that there was
sufficient evidence in experimental animals for the carcinogenicity of naturally occurring
mixtures of AFB1, AFG1 and AFM1; limited evidence for the carcinogenicity of AFB2;
and inadequate evidence for the carcinogenicity of AFG2 (International Agency for
Research on Cancer et al.,2002).
The toxicological importance of AFs has been extensively studied. The primary target
organ for AF toxicity and carcinogenicity in humans and animals is the liver. AFB1 is
metabolized

in

the

liver

by

cytochrome

P450

system

to

the

highly reactive AFB1-8,9-epoxide, which is responsible for the toxicity (Williams et
al.,2004). The metabolic effects of AFs include inhibition of DNA, RNA and protein
synthesis; reduction in miscellaneous enzyme activities; depression of glucose
metabolism; inhibition of lipid synthesis, and depression of clotting factor synthesis
(Bushby et al.,1993). Experimental animals infected with hepatitis B virus (HBV) were
reported to be more sensitive to the carcinogenic effects of AF than uninfected animals
confirming the carcinogenic potential of AFs in hepatitis B-infected animals
(International Agency for Research on Cancer et al.,2002). Some epidemiological
studies have also shown that AF exposure particularly in combination with HBV is
associated with an increased risk of hepatocellular carcinoma (HCC). The potency of AFs
1

appears to be significantly enhanced in individuals with HBV infection (Dragan et
al.,1993; Lopez et al.,2010; Tchana et al.,2010). The correlation between AFs exposure
and liver cancer incidence in some areas, especially in Africa and Asia has been
determined (International Agency for Research on Cancer et al.,2002; Wang et
al.,2005 ). Due to their frequent occurrence and severe toxicity, guidelines and tolerance
levels of AFs have been set in several countries. The worldwide accepted levels for
AFB1 and total AFT (the sum of AFB1, B2, G1, and G2) range from 1 to 20μg/kg and
from 0 to 35μg/kg, respectively (Moss et al.,1996).
Chronic hepatitis B (CHB) is an infection of the liver caused by the oncogenic DNA
virus HBV (Mesri et al., 2014). In Gaza Strip, according to the Ministry of Health, Gaza,
265 new cases of chronic hepatitis B were identified in 2017, with incidence ratio of 0.78
%, and the incidence rate for hepatitis B carries was 16.0 per 100,000 population (PHIC
et al.,2017).
Hepatocellular carcinoma is an important health problem in Gaza-Strip, and HBV
infection is an important predisposing factor. According to the annual report on cancer
(2010), Ministry of Health, Gaza, 149 cases of HCC (87 males, 62 females) during 20002010 were identified (Abed et al., 2010). Dietary exposure to AFB1 and chronic
infection of HBV are major risk factors in HCC, raising the possibility of a synergistic
interaction between them (Dragan et al.,1993).
1.2 Problem statement
Hepatocellular carcinoma (HCC), with the majority of cases are most occur in developing
countries, particularly China, other parts of south-east Asia and sub-Saharan Africa
(Behnoush et al., 2011), is the sixth most common cancer in the world, accounting for
about 5% of all human cancers, and the second cause of death from cancer worldwide
(International Agency for Research on Cancer et al.,2002). This cancer is more
common in men than women, although sex ratios vary by region (Villar et al.,2012). It is
the fifth most common cancer in men and the eighth most common cancer in women,
with roughly 550,000–600,000 new HCC cases globally each year (Ferlay et al.,2004).
More than 600,000 people die each year from liver cancer. The number of new liver
2

cancer cases each year is roughly equivalent to the number of deaths, illustrating the poor
access to, and efficacy of treatment (Ferlay et al.,2004).
In Gaza Strip, according the annual report on cancer (2010), Ministry of Heath, Gaza,
149 cases of HCC (87 males, 62 females) during 2000-2010 were identified(Abed et al.,
2010).
Several studies have implicated a multifaceted etiology for human HCC (Yu et al.,
2004). In addition to chronic infection with hepatitis B or C viruses and lifestyle habits
(such as alcohol abuse), dietary exposure to aflatoxin B1 (AFB1) is a major risk factor for
development of human HCC (Yu et al., 2004; Bosch et al., 2004). In 90% of the HCC
cases, at least one of these risk factors can be identified either alone or in combination
with another factor. The presence of each risk factor among patients varies according to
the geographical origin of the patients. Globally, exposure to HCV, HBV and AFBI are
responsible for about 80% of all HCC in humans worldwide but the principal risk factor
varies between countries. In Japan almost all HCC are linked to HCV infection, whereas
in Africa HBV infections are predominant. In France, HBV and HCV infections and
alcohol intake are identified with approximately equal frequency. Exposure to AFBI is
commonly found in sub-tropical countries where humid heat can lead to the development.
of Aspergillus flavus in improperly stored foods such as cereals and peanuts(Wang et
al.,2005 ).
Hepatitis B and aflatoxins are independent causative agents of primary liver cancer, and
both have similar geographic distributions. Co-existence of hepatitis B and aflatoxins
produces a great multiplicative interaction that increases liver cancer risk by 12-fold than
in someone infected with hepatitis B alone which already causes 5-fold increase in the
risk of liver cancer, according to WHO expert group on aflatoxins and health (Perz et al.,
2006).
Some authors have also demonstrated a considerable variation in the risk of liver cancer
mortality to the tune of 3.5 folds across the communities from which their study
populations were drawn. These researchers showed that the variation in the risk of
mortality from liver cancer across the communities was strongly correlated positively
3

with local levels of aflatoxin B1 exposure (Wild et al., 2002). It is noteworthy in their
study that 91 percent of the liver cancer deaths were seropositive for the hepatitis B
surface antigen (HBsAg) (Wild et al., 2002). These observations are consistent with the
analysis reporting a striking multiplicative effect between exposure to aflatoxin B1 alone
and exposure to aflatoxin B1 in the presence of chronic hepatitis B infection (Fattovich
et al., 2004). Furthermore, it was showed that hepatitis B-infected patients with liver
tumor were 10 years younger in those with urinary aflatoxin adduct than those who were
adduct negative. This thus confirms the cohort report of some other investigators
documenting elevated risk of liver cancer in subjects who were HBsAg seropositive and
had high concentrations of aflatoxin metabolites in their urine, compared to subjects with
high aflatoxin exposure only, or HBsAg-seropositivity only (El-Serag et al., 2007).
1.3 Justification of the study
Several studies have implicated a multifaceted etiology for human HCC (Bosetti et al.,
2009). In addition to chronic infection with hepatitis B or C viruses and lifestyle habits
(such as alcohol abuse), dietary exposure to aflatoxin B1 (AFB1) is a major risk factor for
development of human HCC. In 90% of the HCC cases, at least one of these risk factors
can be identified either alone or in combination with another factor. The presence of each
risk factor among patients varies according to the geographical origin of the patients.
Globally, exposure to HCV, HBV and AFBI are responsible for about 80% of all HCC in
humans worldwide but the principal risk factor varies between countries (Bosetti et al.,
2009; Neuveut et al., 2010). In addition, one recent study from the Gaza Strip indicated
the presence of aflatoxins in peanut and its products in about 70.9% of the samples,
whereas 14.5% of samples were higher than the standard limit for aflatoxin in food
(Akram et al.,2014).
Thus, the aim of this study is to examine the role of aflatoxins (particularly, Aflatoxin
B1) as an environmental a risk factor in the etiology of HCC in Gaza Strip, which is an
important issue that will lead us to better understanding of the nature of this disease. Up
to the researcher knowledge, this is the first study that will be done in Gaza Strip to
address this issue.
4

1.4 Objectives:
1.4.1 General objectives of the study:
The objective of this study is to determine the serum Aflatoxins B1 levels in chronic
hepatitis B patients with or without cirrhosis and hepatocellular carcinoma.

1.4.2

Specific objectives:

1. To determine serum Aflatoxins B1 levels in patients with hepatocellular carcinoma.
2. To evaluate the relationships between aflatoxins B1 levels and these diseases.
3. To Determine HBsAg antibodies in the serum of control persons
1.5 Research problem:
1. To examine if there is aflatoxins B1 in blood samples of Hepatitis B patients with or
without cirrhosis and Hepatocellular carcinoma patients as compared to healthy control
persons?
2. To examine if there is a relation between aflatoxin B1 levels and this diseases?

5

Chapter 2
Literature review
2.1 Mycotoxins
Mycotoxins are natural compounds. They are secondary toxic metabolites produced by
fungi, and occur universally in food and feed. The definition of secondary toxic
compounds is used to differentiate them from those compounds essential for all living
organisms named primary metabolites, which are essential for the growth of the plant
(Coker et al.,1988).
The word mycotoxin is derived from the Greek language, where mekes translates to
mushroom and toxikon for toxic (Waring et al., 2002) or poison (Rustom et asl., 1997).
Several hundred different mycotoxins have been discovered so far, exhibiting different
structural diversity, with various chemical and physicochemical properties, but only a
few present significant food safety challenges (Cole et al., 1981).
Mycotoxins remain challenging to classify due to their diverse chemical structures,
biosynthetic origins and their production by a wide number of fungal species. This is
amore complicated task because mycotoxin contamination of food and feed depends on
environmental and climatic conditions, harvesting techniques, storage conditions and
some others factors. Typically, the classification schemes reflect the scientific
background of the person doing the categorizing. For clinicians, the classification is done
depending on the organ they affect, e.g., hepatotoxins, nephrotoxins, neurotoxins,
immunotoxins, etc. For cell biologists, the classification is done according to generic
groups, such as teratogens, mutagens, carcinogens and allergens. Organic chemists tend
to classify mycotoxins according to their chemical structures, e.g., lactones, coumarins,
etc.; biochemists according to their biosynthetic origins, e.g., polyketides, amino acidderived, etc.; physicians according to the illnesses they cause, e.g., St. Anthony's fire,
stachybotrytoxicosis, etc.; and mycologists according to the fungi that produce them, e.g.,
Aspergillus toxins, Penicillium toxins, etc. (Scott et al., 1991).
6

Over 190 molds have been found to be able to produce toxins. In some cases, more than
one mold can produce the same toxin.The main molds families of concern are: Fusarium,
Aspergillus, Penicillium, Byssochylamys, and Claviceps (Gilbert et al., 2002).
Table 2.1. Molds responsible for producing mycotoxins.
Mycotoxin

Mold

Aflatoxin

Aspergillus

Ochratoxin

Penicillium, Aspergillus

Patulin

Penicillium, Aspergillus Aspergillus,
Byssochylamys

Trichothecenes

Fusarium

Zearalenol

Fusarium

Fumonisins

Fusarium

Ergot alkaloids

Claviceps

Mycotoxins, when present in food and feed in sufficient levels, they can affect both
human and animal health. But, depending on a number of factors like the intake levels,
duration of exposure, toxin species, mechanisms of action, metabolism, and defence
mechanisms, the toxic effect will vary (Hussein et al., 2001).
The toxic syndromes resulting from the intake of mycotoxins are known as
mycotoxicoses. In case of animals, the exposure to mycotoxins occurs through the
consumption of moldy feedstuff while in case of humans, the exposure can be either
direct due to the consumption of moldy plant products or indirect, via the consumption of
contaminated animal products (meat, milk and eggs), containing residual amounts of
mycotoxins ingested by animals (Richard et al., 2003).
One of the first recorded cases of mycotoxicoses occurred in year 1722 when a large
Russian army was gathered on the delta of the river Volga at Astrakhan under the
7

direction of Peter the Great. During the army’s formation, the men were given rye flour
and the horses were fed on grain and hay. Within a short period of time after
consumption, the men and horses were struck by paralysis and suffered a ‘fiery itch.’
Thousands of men died before reaching battle with the Turkish armies. The mold
Claviceps purpurea was the cause of the symptoms, now named St. Anthony’s fire or
Holy Fire (Farrer et al., 1987).
In 1960, there was a significant research into the causes of mycotoxicoses due to a
mysterious new disease that swept through England which killed over one hundred
thousand turkeys. This occurrence was given the name turkey ‘X’ disease (Bradburn et
al., 1994). The fatalities were not limited to turkeys; also, ducklings and young pheasants
were affected. After extensive investigation into the deaths, a link was observed that the
feed had come from the same shipment of peanut meal from Brazil (Daly et al., 2000)
which had been contaminated with fungi during transport. Further investigations showed
that the peanut meal was heavily contaminated with the organism ‘Aspergillus flavus’,
hence the name Aflatoxin (Sargeant et al., 1961).
Another mycotoxicosis is alimentary toxic aleukia. It was responsible for death of
thousands of people in Russia in 1940. It is known to cause fever, bleeding from the skin,
nose, throat and gums, necrosis, and suppression of the immune system and mortality
reaching 80% (Nelson et al., 1994).
Mycotoxicoses can therefore be differentiated as acutely or chronically toxic, or both,
depending on the kind of toxin and the dose. In animals, acute diseases include liver and
kidney damage, attack on the central nervous system, skin disorders and hormonal
effects. It is the long-term toxicity which is of special concern because certain
mycotoxins ingested in minor quantities with the daily diet for an extended period are
known to be carcinogenic and to influence the immune response of a number of animal
species, being a risk to human health (Boermans et al., 2007). The International Agency
for Research on Cancer (IARC) evaluated and classified the carcinogenicity of
mycotoxins. According to this classification, both patulin (PAT) and zearalenone (ZON)
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are included into the Group 3 (not carcinogenic to humans). Aflatoxin B1 (AFB1) is
included in the Group 1 (carcinogenic to humans) (Yu et al., 2004).
A summary of the main mycotoxins, with description of their health effects and
commodities affected is listed in Table 2. 2.
Table 2.2. Most prevalent occurring mycotoxins with their possible health effects
and the commodities affected.
Mycotoxin

Possible health effects

Commodities

Aflatoxins

Liver diseases (hepatotoxic,

Groundnuts and nuts, cereals

hepatocarcinogenic), carcinogenic and

(maize), milk, spices.

teratogenic effects, haemorrhages
(gastrointestinal tract, kidneys), immune
suppression.
Ochratoxins

Fumonisins

Nephrotoxic, carcinogenic, immune

Cereals (wheat, maize), wine,

suppression.

grape juice.

Pulmonary edema, equine

Maize.

leukoencephalomalacia, nephro- and
hepatotoxic, immune suppression
Trichothecenes

Digestive disorders (vomiting, diarrhea),

Cereals (wheat, barley).

reduced weight gain, haemorrhages (stomach,
heart, intestine, lung, bladder), oral lesions,
dermatitis, infertility, degeneration of bone
marrow, slow growth, immune suppression
Zearalenone

Oestrogenic effects, oedema of vulva,

Maize, wheat.

prolapse of vagina, enlargement of uterus,
atrophy of testicles, atrophy of ovaries,
infertility, abortion
Ergot alkaloids

Gangrene, convulsions, hallucinations.

Rye.

Patulin

Mutagenic, genotoxic, carcinogenic.

Fruit (apples, pears).
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In 1966, it was observed that cows were fed on a diet contaminated with aflatoxins B1
and B2 would produce milk contaminated with new aflatoxins M1 and M2 (Holzapfel et
al., 1966).
The connection with aflatoxin and poultry gave concerns into human consumption of
moldy foods. Investigations were made into the high levels of liver cancer found in
Uganda and Swaziland (South Africa). When measuring the aflatoxin levels of about 500
samples of local food were measured, the levels found were about 100 μg Kg-1 (current
European Commission limits for total aflatoxin are between 4 and 10 μg Kg -1 depending
on the foodstuff). Later, a study in Thailand showed similar levels for aflatoxins in
normal foods but levels of 3,000 μg Kg -1 and 12,000 μg Kg -1 were found in corn and
peanuts, respectively (Waring et al., 2002).
In northwest India, during the summer of 1974, there had been chronic drought
conditions affecting the maize crop, in the harvest time unseasonable rains occurred
resulting in the corn being stored at high humidity. Upon consumption of the corn, it was
reported that nearly 400 people suffered from fevers and jaundice and 108 people died.
The suspicions that the corn had caused the disease were verified by the village dogs
similarly suffering with the same symptoms. Analysis of the corn showed that the levels
of aflatoxin being consumed were between 2,500 μg Kg -1 and 15,600 μg Kg -1, whereas a
survey of the following year’s crop showed levels of less than 100 μg Kg -1 (Waring et
al., 2002).
Another episode occurred in Kenya in 1981, where another chronic drought conditions
and then early rains hampered the maize crop, 20 people complained of light fever and
abdominal discomfort. They were admitted to hospital with jaundice and were feeling
very weak. It was diagnosed that their livers were very tender. Only 8 people made a
recovery. As in India, the dogs also became ill as well as the woodland birds (Waring et
al., 2002).
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2.2. Aflatoxins
Aflatoxins are a group of naturally occurring carcinogens that are known to contaminate
different human and animal food stuffs. Aflatoxins are poisonous by-products from soilborne fungus Aspergillus, which is responsible for decomposition of plant materials
(Thrasher et al., 2012; USAID et al., 2012).Occurrence of aflatoxins in foods and food
products vary with geographic location, agricultural and agronomic practices. The
susceptibility of food product to fungal attack occurs during pre-harvest, transportation,
storage, and processing of the foods. The problem of aflatoxin contamination of the food
products is a common problem in tropical and subtropical regions of the world especially
in the developing countries such as the sub-Saharan countries with poor practices and
where the environmental conditions of warm temperatures and humidity favors the
growth fungi. The aflatoxins were initially isolated and identified as the causative agent
in Turkey X disease that caused necrosis of the liver in 1960 and over 100,000 turkeys
died in England and USA and the death was attributed to the consumption of a moldcontaminated peanut meal (Thrasher et al., 2012).
The aflatoxins are the most widely distributed fungal toxins in food. The occurrence of
the aflatoxins in food products demonstrated that, the high levels of aflatoxins are
significant concern both for food traders and food consumers (Heberneh et al., 2004).
Aflatoxin is a by-product of mold growth in a wide range of agriculture commodities
(Urano et al., 1993).Very high concentrations of aflatoxins are most often found in
nutritive seeds such as maize, nuts and cereal grains in Africa and rice in China and
Southeast Asia (Thrasher et al., 2012),peanuts (Urano et al., 1993), maize and maizebased food (Mendez-Albores et al., 2004), cottonseeds (Pons et al., 1977), cocoa
(Jeffery et al., 1982), coffee beans (Batista et al., 2003), medical herbs (Rizzo et al.,
2004), spices (Erdogan et al., 2004), melon seeds (Bankole et al., 2004), rice (Begum et
al., 2000), groundnut (Bankole et al., 2005), peanut products (Patey et al., 1990), corn
(Urano et al., 1993), vegetable oil (Miller et al., 1985), dried fruits (Abdulkadar et al.,
2004), milk and dairy products (Aycicek et al., 2005). Meat and meat products are also
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contaminated with aflatoxins when farm animals are fed with aflatoxin contaminated feed
(Chiavaro et al., 2001).
In 1962, the name aflatoxin, using first letter from Aspergillus and the first 3 letters from
flavus was proposed (Patterson et al., 1977). In the same year, Aflatoxin was isolated in
crystalline form in the Netherlands (Van der Zijden et al., 1962), and separated into two
components, B and G in the United Kingdom (Nesbitt et al., 1962). This was followed
by a further division of the aflatoxin B into B1 and B2 and later their chemical
characterization by Asao et al., 1965
The molds that are major producers of aflatoxin are Aspergillus flavus (Bankole et al.,
2004) and Aspergillus parasiticus (Erdogan et al., 2004). Aspergillus flavus, which is
ubiquitous, produces aflatoxins B (Samajpathi et al., 1979), while Aspergillus
parasiticus, which produces both aflatoxins B and G, has more limited distribution
(Garcia-Villanova et al., 2004).
Biosynthesis of aflatoxins by Aspergillus flavus depends on the environmental condition
such as temperature and humidity during crop growth and storage (Pildain et al., 2004).
The optimum temperatures for aflatoxins growth are 27.84˚C and 27.30˚C at pH=5.9 and
5.5, respectively. Before harvest, the risk for the development of aflatoxins is greatest
during major drought (Turner et al., 2005). When soil moisture is below normal and
temperature is high, the number of Aspergillus spores in the air increases. These spores
infect crops through areas of damage caused by insects and inclement weather. Once
infected, plant stress occurs, which favor the production of aflatoxins. Fungal growth and
aflatoxins contamination are the sequence of interactions among the fungus, the host and
the environment. The appropriate combination of water stress, high temperature stress
and insect damage of the host plant are major determining factors in mold infestation and
toxin production. Additional factors such as heat treatment, modified-atmosphere
packaging or the presence of preservative, also contribute in increasing growth rate of the
aflatoxins(Faraj et al., 1991).
Farmers have minimal control over some of these environmental factors. However,
appropriate pre-harvest and post-harvest management and good agricultural practice,
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including crop rotation, irrigation, timed planting and harvesting and the use of pesticides
are the best methods for preventing or controlling aflatoxins contamination (Turner et
al., 2005). Timely harvesting could reduce crop moisture to a point where the formation
of the mold would not occur. For example, harvesting corn early when moisture is above
20 percent and then quickly drying it to a moisture level of at least 15 percent will keep
the Aspergillus flavus from completing its life cycle, resulting in lower aflatoxin
concentration. Aflatoxins are to be found in agricultural products as a consequence of
unprosperous storage conditions where humidity of 70-90% and a minimum temperature
of about10°C. Commodities that have been dried to about 12 to 0.5 % moisture are
generally considered stable, and resistant to any risk of additional aflatoxins
development. Moreover, the minimum damage of shells during mechanized harvesting of
crop reduces significantly the mold contamination. Biocontrol of aflatoxin contamination
is another way to reduce this contamination. The natural ability of many microorganisms
including bacteria, actinomycetes, yeasts, molds and algae has been a source for
bacteriological breakdown of mycotoxins. The most active organism such as
Flavobacterium aurantiacum which in aqueous solution can take up and metabolize
aflatoxins B1, G1 and M1 (Smith et al., 1985). Production of aflatoxins is largely
inhibited by propionic acid when the production of aflatoxins in solid medium at different
temperature, pH and concentration of propionic acid, was studied (Molina et al., 2002).
It also can be inhibited by essential oil extracted from thyme (Rasooli et al., 2004). Other
chemicals that can inhibit the growth of this fungus are ammonia, copper sulphate and
benzoic acid (Gowda et al., 2004).

2.2.1 Chemical and physical properties
Aflatoxins are normally referring to the group of difuranocoumarins and classified into
two broad groups according to chemical structure, which are
difurocoumarocyclopentenone series and difurocoumarolactone series (Heathcote et al.,
1984). They are highly substituted coumarin derivatives that contain a fused dihydrofuran
moiety. There are six major compounds of aflatoxin such as aflatoxin B1 (AFB1),
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aflatoxin B2 (AFB2), aflatoxin G1 (AFG1), aflatoxin G2 (AFG2), aflatoxin M1 (AFM1)
and aflatoxin M2 (AFM2) (Goldblat et al., 1969).
The former four are naturally found aflatoxins and the AFM1 and AFM2 are produced by
biological metabolism of AFB1 and AFB2 from contaminated feed used by animals. The
aflatoxins are named due to their properties under UV-irradiation, where AFB1 and
AFB2 emit blue fluorescence (350 nm), AFG1 and AFG2 green fluorescence (350 nm).
Aflatoxin M1 produces a blue-violet fluorescence while AFM2 produces a violet
fluorescence. They are odorless, tasteless and colorless. The scientific names for these
aflatoxin compounds are listed in Table 2. 3. (Goldblat et al., 1969).
Table 2. 3. Scientific name for aflatoxin compounds
Aflatoxin B1
(AFB1)

2,3,6a,9a-tetrahydro-4-methoxycyclopenta[c] furo [3’,2’:4,5] furo[2,3-h]
[l] benzopyran-1,11-dione
furo [3’,2’:4,5] furo[2,3-h] [l] benzopyran-1,11-dione

Aflatoxin B2
(AFB2)
Aflatoxin G1
(AFG1)
Aflatoxin G2
(AFG2)

2,3,6a,8,9,9a-Hexahydro-4-methoxycyclopenta[c]
furo [3’,2’:4,5] furo[2,3-h] [l] benzopyran-1,11-dione
3,4, 7a,10a-tetrahydro-5-methoxy-1H, 12H
furo [3’,2’:4,5] furo[2,3-h] pyrano[3,4-c] l]- benzopyran-1,12-dione
3,4,7a,8,9,10, 10a-Hexahydro-5-methoxy-1H,12Hfuro [
3’,2’:4,5] furo[2,3-h] pyrano[3,4-c] [l]- benzopyran1,12-dione

Aflatoxin M1

4-Hydroxy AFB1

(AFM1)
Aflatoxin M2

4-Hydroxy AFB2

)AFM2)
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Aflatoxins have closely similar structures and form a unique group of highly oxygenated,
naturally occurring heterocyclic compounds. The chemical structures of these aflatoxins
are shown in Figure 2.1. (Reddy et al., 2012)

Figure2.1. Chemical structures of AFB1, AFB2, AFG1, AFG2, AFM1 and AFM2.
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Table 2.4. Chemical and physical properties of aflatoxin compounds (Weast et al.,
1987)
Physical and chemical

AFB1

AFB2

AFG1

AFG2

Molecular formula

C17H12O6

C17H14O6

C17H12O7

C17H14O7

Molecular weight

312

314

328

330

Crystals

Pale yellow

Pale yellow

Colorless

Colorless

Melting point (°C)

268.9

286.9

244.6

237.40

Fluorescence

Blue

Blue

Green

Green

properties

under UV light
Stability

Unstable to ultraviolet light in the presence of oxygen
to extremes of pH (< 3, > 10) and to oxidizing agents

Reactivity

The lactone ring is susceptible to alkaline hydrolysis.
Aflatoxins are also degraded by reaction with ammonia
or sodium hypochlorite.

Solubility

Soluble in water and polar organic solvent. Normal
solvents are: methanol, water: acetonitrile (9:1),
trifluoroacetic acid, methanol: 0.1N HCl (4:1), DMSO
and acetone insoluble in non-polar.

Other properties

Odorless, colorless and tasteless in solution form.
Incompatible with strong acids, strong oxidizing agents
and strong bases. Soluble in water, DMSO, 95%
acetone or ethanol for 24 hours under ambient
temperature.
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2.3. Toxicokinetics and mechanisms of action of aflatoxins:
Aflatoxins are highly liposoluble compounds and are readily absorbed from the site of
exposure usually through the gastrointestinal tract and respiratory tract into blood stream
(Agag et al., 2004).
Human and animals get exposed to aflatoxins by two major routes: (a) direct ingestion of
aflatoxin-contaminated foods or ingestion of aflatoxins carried over from feed into milk
and milk products like cheese and powdered milk as well as other animal tissues mainly
as AFM1 (Agag et al., 2004), and (b) by inhalation of dust particles of aflatoxins
especially AFB1 in contaminated foods in industries and factories (Coulombe et al.,
1994). After entering the body, the aflatoxins are absorbed across the cell membranes
where they reach the blood circulation. They are distributed in blood to different tissues
and to the liver, the main organ of metabolism of xenobiotics. Aflatoxins are mainly
metabolized by the liver to a reactive epoxide intermediate or hydroxylated to become
less harmful aflatoxin M1.In humans and susceptible animal species, aflatoxins,
especially AFB1, are metabolized by cytochrome P450 (CYP450) microsomal enzymes
to aflatoxin-8,9-epoxide, a reactive form that binds to DNA and to albumin in the blood
serum, forming adducts and hence causing DNA damage. Various CYP450 enzymes
isoforms occur in the liver and they metabolize aflatoxin into a reactive oxygen species
(aflatoxin-8,9-epoxide), which may then bind to proteins and cause acute toxicity
(aflatoxicosis) or to DNA and induce liver cancer (Wu et al., 2010). The predominant
human CYP450 isoforms involved in human metabolism of AFB1 are CYP3A4 and
CYP1A2. Both enzymes catalyze the biotransformation of AFB1 to the highly reactive
exo-8,9-epoxide of AFB1. CYP1A2 is also capable of catalyzing the epoxidation of
AFB1 to yield a high proportion of endo-epoxide and hydroxylation of AFB1 to form
aflatoxin M1 (AFM1), which is a poor substrate for epoxidation (Guengerich et al.,
1998) and less potent than AFB1 (Wild et al., 2002). This is generally considered as the
major detoxification metabolic pathway for aflatoxins. The CYP3A4 is the major
CYP450 enzyme responsible for activation of AFB1 into the epoxide form and also form
AFQ1, a less toxic detoxification metabolite. The CYP3A5 metabolizes AFB1 mainly to
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the exo-epoxide and some AFQ1 (Wang et al., 1998). However, polymorphism studies
with CYP3A5 have indicated that this enzyme isoform is not expressed by most people
especially in Africans (Wild et al., 2002).
Studies in Gambian children showed that, aflatoxin cross the placenta and transported to
the fetus and new born where they can cause detrimental effects (Wild et al., 2002).The
CYP3A7 is a major CYP450 enzyme isoform in human fetal liver and metabolizes AFB1
to the 8, 9- epoxide that may cause fetal defects to the developing fetus (Kitada et al.,
1998). The epoxidation of AFB1 to the exo-8,9-epoxide is a critical step in genotoxic
pathway of this carcinogen. The binding of AFB1 to DNA and DNA adduction by AFB1
exo-8,9 epoxide has been reported to cause a functional changes of DNA conformation
(Raney et al., 1993). The epoxide is highly unstable and binds with high affinity to
guanine bases in DNA to form afltoxin-N7- guanine (Guengerich et al., 2001). The
aflatoxin-N7-guanine has been shown to be capable of forming guanine (purine) to
thymine (pyrimidine) transversion mutations in DNA and hence affecting the p53
suppressor gene in the cell cycle (Bailey et al., 1996).
The p53 gene is important in preventing cell cycle progression when there are DNA
mutations, or signaling apoptosis. The mutations have been reported to affect some base
pair locations more than others especially in the third base of codon 249 of the p53 gene
in the region corresponding to the DNA binding domain of the corresponding protein
(Sudakin et al., 2003) and this appears to be more susceptible to aflatoxin-mediated
mutations than nearby bases (Aguilar et al., 1993). AFB1 induces the transversion of
base G to base T in the third position of codon 249 and similar mutations have been
observed in hepatocellular carcinoma (HCC) in high AFB1 contaminated food in regions
in East Asia and Africa (Mace et al., 1997). Epoxide hydrolase and glutathione-Stransferase (GST) are both involved in hepatic detoxification of activated AFB1, but the
GST-catalyzed conjugation of glutathione to AFB1-8,9-epoxides is thought to play the
most important role in preventing epoxide binding to target macromolecules like DNA
and various cell proteins (Sherratt et al., 2001). Glutathione pathway is reported to play
a vital role in the detoxification of AFB1. The AFB1-8,9-exo- and endo-epoxides are
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conjugated by glutathione to form AFB1 mercapturate and the reaction is catalyzed by
GST. The glutathione-aflatoxin conjugate transported from the cells with an ATPdependent multidrug-resistance protein through an accelerated process (Farombi et al.,
2005). Despite a preference for conjugating the more mutagenic AFB1 exo-epoxide
isomer, the relatively low capacity for GST-catalyzed detoxification of bio-activated
AFB1 in lung may be an important factor in the susceptibility of the lung to AFB1
toxicity (INCHEM et al., 1993; Whitlow et al., 2010). The exo- and endo-epoxide can
also be converted non-enzymatically to AFB1-8,9-dihydrodiol which in turn can slowly
undergo a base catalyzed ring opening reaction to a dialdehyde phenolate ion
(Guengerich1998). AFB1 dialdehyde can form Schiff bases with lysine residues in
serum albumin forming aflatoxin-albumin complex (Sabbioni et al., 1991). Also, the
aflatoxin dialdehyde are reduced to a dialcohol in a NADPH-dependent catalyzed
reaction by aflatoxin aldehyde reductase (Knight et al., 1999). However, the guanine
alkylation by aflatoxin B1 produces exo-8,9-epoxide which is the reactive form and a
carcinogen to the liver and the reaction is more than 2000 times more efficient in DNA
than in aqueous solution (Brown et al., 2009).

Figure.2.2 Aflatoxin Disease Pathways
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2.3.1 Effect of aflatoxins on mitochondrial DNA
The reactive aflatoxin-8,9-epoxide preferentially binds to mitochondrial DNA during
hepatocarcinogenesis as compared to nuclear DNA that hinder ATP production and
FAD/NAD-linked enzymatic functions and this causes disruption of mitochondrial
functions in various parts of the body that require production of energy in the form of
ATP. Aflatoxin damage mitochondria can lead mitochondrial diseases and may be
responsible for aging mechanisms (WHO et al., 2008). It is reported that certain
mitochondrial diseases result from the ability of the nucleus to detect energetic deficits in
its area. The nucleus attempts to compensate ATP shortages by triggering replication of
any nearby mitochondria, but unfortunately, the response promotes replication of
mitochondria that are causing the local energy deficit hence aggravating the problem
(Wallace et al., 1997). The AFB1 also binds to DNA and cause structural DNA
alterations that lead to genes mutations as well as changes in the length of the telomeres
and the check points in the cell cycle. The binding of AFB1 to DNA at the guanine base
in liver cells corrupt the genetic code that regulates cell growth, thereby leading to
formation of tumors (Ezekiel et al., 2011). The damage to mitochondrial DNA is caused
by adduction and mutations of mitochondrial membranes leading to increased cell death
(apoptosis) as well as disruption of ATP production (Thrasher et al., 2012). The reactive
aflatoxin-8,9-epoxide can affect the mitotic (M) phase, growth process (G1 and G2
phase) and DNA synthesis (S phase) in the cell cycle by disrupting the various check
points that regulate the cell cycle development and proliferation leading to deregulation
of the cell and hence cancer development. However, in resistant rodents, their
mitochondrial DNA is protected from aflatoxins from DNA adducts that effect
mitochondrial transcription and translation. The mycotoxin alters energy-linked functions
of ADP phosphorylation and FAD- and NAD-linked oxidizing substrates and αketoglutarate-succinate cytochrome reductases (Ezekiel et al., 2011).
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2.3.2. Effect of aflatoxins on mitochondrial structure
Aflatoxin B1 causes ultrastructural changes in mitochondria (Ezekiel et al., 2011) and
also induce mitochondrial directed apoptosis thus reducing their function(Thrasher et
al., 2012). Also, the aflatoxins may affect the telomere length and the various check point
in the cell cycle causing further damage to the regulatory processes of the cell cycle
(Vermeulen et al., 2003). Also the extent of aflatoxin binding to DNA lead to proteins
changes from cell cycle and apoptotic pathways such as c-Myc, p53, pRb, Ras, protein
kinase A (PKA), protein kinase C (PKC), Bcl-2, NF-kB, CDK, cyclins and CKI
contribute to the life or death decision making process that may contribute to
deregulation of the cell proliferation leading to cancer development (Halliwell et al.,
2007).
2.3.3. Role of glutathione in detoxification of aflatoxins and their metabolites
However, like in hepatic detoxification of aflatoxins and other chemicals, GSH act as
antioxidant and has many functions in membrane maintenance and stability as well as in
reducing oxidative stress factors and the high reactive oxygen species (ROS) produced
from the process of lipid peroxidation. The increased depletion of GSH leads to
abnormally high levels of ROS found in cells affected by aflatoxin due to uncoupling of
metabolic processes resulting from the lack of GSH for GSH-peroxidase catalysis of O2
to H2O2 leading to lipid peroxidation and compromised cell membranes. Its reduction
further enhances the damage to critical cellular components (DNA, lipids, proteins) by
the 8,9 epoxides. However, the most serious adverse effects of the AFB1-8,9-epoxide
metabolite is that it reacts with amino acids in DNA and forms an adduct. The adducts
are fairly resistant to DNA repair processes and this causes gene mutation that leads to
liver cancers especially the hepatocellular carcinomas (Halliwell et al., 2007).
2.3.4. The role of cytoplasmic reductase in detoxification of AFB1
Also in the hepatocytes, AFB1 are converted to other different classes of metabolites by
cytoplasmic reductase such as aflatoxicol and by microsomal mixed-function oxidase
system to form AFM1, AGFQ1, AFP1 and AFB-epoxide (the most toxic and
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carcinogenic derivative) and these metabolites may be deposited in various body tissues
as well as in edible animal products (Halliwell et al., 2007).These metabolites, other than
the AFB1-epoxide, are less toxic and are conjugated with other molecules that enhance
their rapid elimination from the body. The metabolite AFQ1 has very little cancercausing potential, and they are usually excreted in urine with little effect on the body
(Agag et al., 2004).
2.3.5. Effect of aflatoxins on protein synthesis
The aflatoxin binds and interferes with enzymes and substrates that are needed in the
initiation, transcription and translation processes involved in protein synthesis. They
interact of with purines and purine nucleosides and impair the process of protein
synthesis by forming adducts with DNA, RNA and proteins (Clifford et al., 1967).
Aflatoxin also inhibits RNA synthesis by interacting with the DNA-dependent RNA
polymerase activity and thus causes degranulation of endoplasmic reticulum. Also, the
reduction in protein content in body tissues like in skeletal muscle, heart, liver and kidney
could be due to increased liver and kidney necrosis (Sharma et al., 2011). AFB1 is a
potent mutagenic, carcinogenic, teratogenic, and immunosuppressive and all these may
interfere with normal process of protein synthesis as well as inhibition of several
metabolic systems, thus causing damages to various organs. especially the liver, kidney
and heart (Mohammed et al., 2009).
2.4. Toxic effects of aflatoxins on human and animals
2.4.1. Aflatoxicosis:
Aflatoxicosis is a condition caused by aflatoxins in both humans and animals. It occurs in
two general forms:
(1) The acute primary aflatoxicosisis produced when moderate to high levels of aflatoxins
are consumed. Specific acute episodes of disease may include hemorrhage, acute liver
damage, edema, alteration in digestion, absorption and/or metabolism of nutrients, and
possibly death (Thrasher et al., 2012). Acute dietary exposure to AFB1 has been
implicated in epidemics of acute hepatic injury (Jiang et al., 2005). Evidence of acute
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aflatoxicosis in humans has been reported worldwide especially in the third world
countries like Taiwan, Uganda, India, Kenya and many others (USAID et al., 2012).
(2) The chronic primary aflatoxicosis results from ingestion of low to moderate levels of
aflatoxins(USAID et al., 2012). The effects are usually subclinical and difficult to
recognize. Some of the common symptoms are impaired food conversion and slower
rates of growth with or without the production of an overt aflatoxin syndrome (Wild et
al., 2002). The chronic forms of aflatoxicosis include: (1) teratogenic effects associated
with congenital malformations (2) mutagenic effects where aflatoxins cause changes
(mutations) in the genetic code, altering DNA and these changes can be chromosomal
breaks, rearrangement of chromosome pieces, gain or loss of entire chromosomes, or
changes within a gene (3) The carcinogenic effect in which the carcinogenic mechanisms
have been identified such as the genotoxic effect where the electrophilic carcinogens alter
genes through interaction with DNA and thus becoming a potential for DNA damage and
the genotoxic carcinogens that are sometimes effective after a single exposure, can act in
a cumulative manner, or act with other genotoxic carcinogens which affect the same
organs (Thrasher et al., 2012). Chronic effects of aflatoxin have been reported to impair
the normal body immune function by either by reducing phagocytic activity or reduce T
cell number and function as observed immunological suppression in animal model.
Aflatoxins have also been reported to interfere with nutrition in a dose-response
relationship between exposure to aflatoxin and rate of growth in infants and children
(Thrasher et al., 2012). Aflatoxins also causes nutrient modification like vitamin A or D
in animal models and thus making them unavailable for the normal body physiology and
hence leads to nutritional deficiencies (USAID et al., 2012).
The contamination of foods and feeds with aflatoxin can cause serious consequences in
human and animal health. It is estimated that more than 5 billion people in developing
countries worldwide are at risk of chronic aflatoxin exposure due to consumption of
aflatoxin-contaminated foods and of these more than 4 billion people develop aflatoxin
related liver cancer especially the hepatocellular carcinoma (Shephard et al., 2008).
Aflatoxin exposure is mainly a problem in poor and developing countries with poor
regulatory authorities in food processing and storage as well as with high levels of
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malnutrition. Aflatoxins have also been linked with kwashiorkor and marasmus in most
of the sub-Saharan countries in children (Peraica et al., 1999). Many people in these
countries experience chronic aflatoxicosis associated with long-term exposure to low to
moderate levels of aflatoxin in the food supply chain. Aflatoxin B1 exposure results in
both steatosis and accumulation of fat and necrosis or cell death of liver cells. The
amount of aflatoxins consumed contributes to the mutagenic, carcinogenic, teratogenic,
and immunosuppressive health effects in the body. The adverse effect of aflatoxins in
humans ranges from acute hepatic toxicity to chronic disease such as liver cancer,
hemorrhages, edema, and even immediate death. Prolonged consumption of aflatoxins
has also been reported to cause impaired immune function and malnutrition and stunted
growth in children and a number of disabilities and death (USAID et al., 2012). Human
studies have reported that aflatoxins cause an increase in circulating alpha tumor necrosis
factor, suggesting that these mycotoxins are also immunotoxic in humans. Due to the
aflatoxin body immunosuppressant, it has been associated with HIV and tuberculosis
(Liu et al., 2010). Aflatoxins also pose a threat to developing fetuses and they are
transferred from mother to infant in breast milk. Aflatoxins have been reported to be
associated with a Reye-like Syndrome in Thailand, New Zealand, Czechoslovakia, the
United States, Malaysia, Venezuela, and Europe (Thrasher et al., 2012).
All species of animals are susceptible to aflatoxicosis and the susceptibility of individual
animals to aflatoxicosis varies considerably depending on dose, duration of exposure,
species, age, sex and nutrition. AFB1, AFB2 and AFM have been detected in liver, gall
bladder, spleen, heart, muscle and kidney of growing swine when protein and protein-free
portions of the diet were separately fed (Behnoush et al., 2011). Chronic exposure of
aflatoxins to animals causes immunosuppression and also interferes with protein
metabolism and multiple micronutrients that are critical to health due to adduct
formation. These adduct are responsible for mutations, cancer, immunosuppression, lung
injury and birth defects (Wallace et al., 1997). In animals, the aflatoxins cause liver
damage, decreased milk production, reduced reproductively and suppressed immunity in
animals consuming low dietary concentrations. The aflatoxicosis syndrome in animals
may also be characterized by vomiting, abdominal pain, pulmonary edema, convulsions,
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coma, and death with cerebral edema and fatty involvement of the liver, kidneys, and
heart. In dairy and beef cattle, the signs of acute toxicosis include anorexia, depression,
dramatic drop in milk production, weight loss, lethargy, gastrointestinal dysfunctions
such as ascites, icterus, tenesmus, abdominal pain, bloody diarrhea, decreased feed intake
and efficiency; weight loss, jaundice, abortion, hepatoencephalopathy, blindness, walking
in circles, ear twitching, frothy mouth, photosensitization, bleeding and death (Thrasher
et al., 2012). In poultry, beside inappetence, weight loss, decreased egg production, leg
and bone problems, poor pigmentation, fatty liver, kidney dysfunction, bruising and
death, suppression to natural immunity and susceptibility to parasitic, bacterial and viral
infections can occur (Thrasher et al., 2012).

.

Figure 2.3: Aflatoxin disease pathways in humans (Li et al., 2010).
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2.4.2. Biological effect of aflatoxins on the body organs and body systems
Aflatoxins have been reported to affect the various body organs like the liver, kidneys,
lungs, brain, testes and many endocrine and exocrine organs, the heart, skeletal muscles
and the different body systems.

2.4.2.1. Effects of aflatoxins on the liver
Aflatoxins have been reported to cause liver cirrhosis as well as liver cancers. Hepatic
injury can be acute or chronic form caused by aflatoxins (USAID et al., 2012). The
reduced level of total protein is indicative of the toxic effect of AFB1 to the liver due to
the failure in synthesis of the proteins and kidney in which aflatoxins are known to impair
protein biosynthesis by forming adducts with DNA, RNA and proteins, inhibits RNA
synthesis, DNA-dependent RNA polymerase activity and causes degranulation of
endoplasmic reticulum (Sharma et all., 2011).
Acute hepatic injury due to aflatoxin causes a rise in serum enzymes including aspartate
aminotransferase,

lactate

dehydrogenase,

glutamate

dehydrogenase,

gamma-

glutamyltransferase and alkaline phosphatase and bilirubin that reflect liver damage as
well as other biochemical changes such as proteinuria, ketonuria, glycosuria and
hematuria (Aflatoxins et al., 2002). AFB1 has been reported to cause pallor discoloration
of liver and enlargement of liver and kidneys, congestion of liver parenchyma,
cytoplasmic vacuolation or fatty change of hepatocytes, necrosis of hepatocytes and
newly formed bile ducts, mononuclear and heterophilic cell infiltration are reported in
aflatoxin fed broiler chicks (Hussain et al., 2008). It is also reported that there is a
decrease in protein content in skeletal muscle, heart, liver and kidney in aflatoxin-fed
animals

due

to

the

AFB1’s

potent

mutagenic,

carcinogenic,

teratogenic,

immunosuppressive and its ability to inhibits several metabolic systems such as protein
synthesis thus leading to liver, kidney and heart damage (Sharma et all., 2011). In
chicken, the activity of serum or plasma enzymes like the sorbitol dehydrogenase,
glutamic dehydrogenase, lactate dehydrogenase, alkaline phosphatase, acid phosphatase,
aspartate aminotransferase and alanine aminotransferase were reported to be increased in
aflatoxicated chickens (Agag et al., 2004).
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2.4.2.2. Effect of aflatoxins on the central nervous system
Mycotoxins, especially aflatoxins and their metabolites and other products such as the
reactive oxygen species (ROS) like the AFB-8,9-epoxides may interfere with the normal
functioning of the nerve cells by forming DNA adducts, protein adducts, oxidative stress
factors, mitochondrial directed apoptosis of the nerve cells as well as inhibiting their
synthesis of protein, RNA and DNA (Brown et al., 2009; Ezekiel et al., 2011; Halliwell
et al., 2007). Aflatoxins also cause abnormalities in mitochondrial DNA, structure and
function, including defective oxidative phosphorylation in the brain cells (Wang et al.,
1998). The oxidative stress may result in damage to critical cellular macromolecules such
as DNA, lipids and proteins. Cellular fatty acids are readily oxidized by ROS to produce
lipid peroxyl radicals which can subsequently propagate into malonaldehyde (MDA) that
may interact with cellular DNA to cause DNA-MDA adduct that may affect energy
production in the brain(Wang et al., 1998; Thrasher et al., 2012).). The role of ROS has
been postulated in the development of aging and chronic degenerative diseases,
inflammatory diseases and brain cancers (Halliwell et al., 2007). AFB1 may also deplete
the myelin sheath of the nerves, and hence become exposed to insults. Mycotoxins,
especially aflatoxins have been reported to be toxic to various aspects of brain chemistry
and their function (INCHEM et al., 1993;Thrasher et al., 2012).). AFB1 also alters the
levels of various biogenic amines (neurotransmitters) and their precursors in rat and
mouse brains. Acute AFB1 treatment in experimental animals has been reported to cause
a decrease in regional brain acetylcholinesterase enzymes that may affect the cognitive
functions as well as memory and learning of the individual while chronic exposure
increases adenohypophyseal acetylcholinesterase (Coulombe et al., 1994). Aflatoxin
causes a decrease in dopamine, serotonin and alterations in the levels of the precursor’s
tyrosine and tryptophan (Weekley et al., 1989). Deficiencies in these neurotransmitter
lead to neurological symptoms such as neurocognitive decline and alteration of sleep
cycle and symptoms of brain damage like dullness, restlessness, muscle tremor,
convulsions, loss of memory, epilepsy, idiocy, loss of muscle coordination, and abnormal
sensations (Lakkawar et al., 2004). AFB1 has also been reported to increase the central
and peripheral nervous system Na+/K+- ATPase, β-glucuronidase and β-galactosidase
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while inhibiting the Mg2+-ATPase in experimental animals and this also is important in
the normal functioning of the glutamate neurotransmitter and their NMDA receptors
(Coulombe et al., 1994; Arundine et al., 2004 ).The liver failure makes it unable to
detoxify ammonia, the product of protein and amino acid metabolism leading to
hyperammonemia that may cross the blood brain barrier leading to increased synthesis of
glutamate neurotransmitters hence leading to cytotoxicity of the brain cells and hence the
hepatic encephalopathy (Cauli et al., 2010). Toxic encephalopathy was originally
described in children with Reye’s syndrome associated with consumption of AflatoxinB1
and/or salicylates (Dvorakova et al., 1977) and subsequently in cases of aflatoxicosis in
canines and Chinese children were reported (Lye et al., 1995). Aflatoxins also have been
linked to Reye's syndrome that is characterized by symptoms of encephalopathy and fatty
degeneration of the viscera. It is a pediatric disease characterized by cerebral edema and
neuronal degeneration. Toxic encephalopathy due to aflatoxins involves multiple
symptoms like loss of balance, recent memory decline, headaches, lightheadedness,
spaciness/disorientation, insomnia, loss of coordination (INCHEM et al., 1993).
Aflatoxins have been reported to be associated with a Reye-like Syndrome in Thailand,
New Zealand, Czechoslovakia, the United States, Malaysia, Venezuela and Europe
(Coulombe et al., 1994; INCHEM et al., 1993; Thrasher et al., 2012; Dvorakova et
al., 1977). Aflatoxins, especially AFB1 have been reported to cause tumors in both the
central and peripheral nervous system and several non-epithelial neurogenic tumors like
the schwannomas, gliomas, meningiomas and granular cell tumors have been reported
(Coulombe et al., 1994).
2.4.2.3. Effect of aflatoxins on the gastrointestinal tract (GIT)
The gastrointestinal tract (GIT) is the main route of entry of aflatoxins as a result of
consumption of aflatoxin-contaminated foods especially AFB1. It is also the main route
of excretion aflatoxin metabolites from the bile. The aflatoxins, metabolites and
Aflatoxin-8,9-epoxides have been reported to cause intestinal tumors especially the
human colon cancers like colon carcinomas and similar results have been reported in
experimental animals (Coulombe et al., 1994). Aflatoxins have also been reported to
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cause serious acute effects on the GIT (Gursoy et al., 2008). Aflatoxins have been
implicated as potential factors in the increased incidence of human gastrointestinal and
hepatic neoplasms in Africa, Philippines and China(Agag et al., 2004).Aflatoxins have
been reported to cause digestive system effects such as diarrhea, vomiting, intestinal
hemorrhage, and liver necrosis and fibrosis (Harriet et al., 2003). Aflatoxins have been
reported also to damage the integrity of the pancreas. In domestic animals, aflatoxins
cause changes in the GIT physiology especially decreased rumen motility and function in
cows (Coulombe et al., 1994). In birds, aflatoxins interfere with intestinal morphology,
sialic acid production and apparent digestible energy (Applegate et al., 2008).
2.4.2.4. Effect of aflatoxins on the respiratory system
Aflatoxins have reported to have serious acute effects on the respiratory systems(Gursoy
et al., 2008). The respiratory tract is the only organ system with vital functional elements
in constant and direct contact with the environment (Larsson et al., 2000). Many people
working in food industries as their occupational setting get exposed to aflatoxins
especially AFB1 when they inhale aflatoxin-contaminated dusts like during grain shelling
and processing and have been reported to have a higher incidence of upper respiratory
tract and lung cancers (Coulombe et al., 1994; Gursoy et al., 2008). In experimental
animals, AFB1 was reported to induce 100% pulmonary adenomas. In the respiratory
tract, aflatoxins may also be converted to active metabolites like in the nasal mucosa
(Kussak et al.,1995). It is also reported that the intranasal administration of AFB1 lead to
formation of tissue-bound metabolites in subtentacular cells, bowman's glands and in
neuronal cells in the olfactory mucosa but there is no evidence that AFB1 may induce
tumors in olfactory bulbs (Mézes et al., 2008). The low capacity for GST-catalyzed
detoxification of bio-activated AFB1 in lung may be an important factor in the
susceptibility of the lung to AFB1 toxicity (Stewart et al., 1996). Nose-only inhalation
exposure of rats to AFB1 aerosols suppressed alveolar macrophage. Intratracheal
administration of AFB1 also suppressed the release of tumor necrosis factor-alpha from
alveolar macrophages and impaired systemic innate and acquired immune defenses as
well as suppression of peritoneal macrophage phagocytosis and the primary splenic
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antibody response thus leading to suppression of respiratory tract defenses system (Jakab
et al.,1994).
2.4.2.5. Effect of aflatoxins on the cardiovascular system
Aflatoxins have been reported to have serious acute effects on the cardiovascular systems
including vascular fragility and hemorrhaging in tissues (Sharma et al., 2011; Gursoy et
al., 2008; Harriet et al., 2003). as well as heart damage and teratogenic effects (
Mohammed et al., 2009).It is reported that there is a decrease in protein content of the
muscles of these tissues and organs as well as inhibition of their metabolic processes
attributable by the aflatoxin consumption of contaminated foods( Mohammed et al.,
2009).
2.4.2.6. Effect of aflatoxins on the blood and blood cells
Aflatoxin and its metabolites as well as the generated reactive oxygen species (ROS)
have been reported to have a deleterious effect on the bone and blood cells as well as
induction of cancers on the hemopoietic system in bone marrow and lymphoid organs
where blood, blood cells and blood components are produced (Halliwell et al., 2007).
.Oxidative damage by the AFB1 on human lymphocytes has been reported (Amstad et
al., 1984) and significant declines in both the proportion of peripheral blood lymphocytes
and in the percentages of peripheral blood lymphocytes (T-lymphocytes) in a dosedependent manner has been observed (Tuzcu et al., 2010). Aflatoxins have been linked
to anemia in pregnancy(USAID et al., 2012), and alterations in erythrocytes during
induced chronic aflatoxicosis in rabbit also have been reported (Verma et al., 1991;
Verma et al., 1992). Aflatoxin causes hematopoietic suppression and anemia, decrease in
total erythrocytes, packed-cell volume and hemoglobin (Reddy et al., 2012), as well as
toxicity to red blood cells (Verma et al., 1991). Aflatoxin is known to produce hemolytic
anemia by decreasing the circulating mature erythrocytes (Verma et al., 1992) and
consequently the spleen appears congested because of an unusually high concentration of
inorganic iron and debris from the circulation reported (Verma et al., 1991; Verma et
al., 1992). In birds, AFB1 is reported to causes hematological changes (Dietert et al.,
1983). Aflatoxicosis has been reported to cause lymphocytopenia and monocytopenia and
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increased percentage of neutrophil counts (D°onmez et al., 2012). In cattle, aflatoxins are
reported to cause blood coagulation defects that may involve impairment of prothrombin,
factors VII and X and possibly factor IX and similar effects are reported in dogs
(Aflatoxins et al., 2002). Generally, aflatoxins have been reported to depress growth and
alter many aspects of humoral and cellular immunity and thus affecting the hematological
parameters (Tuzcu et al., 2010).
2.4.2.7. Effect of aflatoxins on the urinary system
Different parts of the nephron are exposed to aflatoxins, especially to AFB1 and its
metabolites. AFB1-induced nephrotoxicity has been observed before it is excreted in the
urine (Coulombe et al., 1994; Sharma et al., 2011 ). AFB-induced reduction in protein
content has been reported to be due to increased necrosis of the kidney (Sharma et al.,
2011; Mohammed et al., 2009; Lakkawar et al., 2004 ). AFB1 has been reported to
cause kidney tumors in experimental animals and a mixture of AFB and AFG was
observed to cause renal and hepatic tumors in 80% of hamsters (Coulombe et al., 1994).
There were also renal lesions with features of megalocytosis in the proximal renal tubules
(Coulombe et al., 1994). In Africa, birds exposed to AFB1 were reported to develop
fatty and hemorrhagic kidney syndrome, thickening of the glomerular basement
membrane, abnormal development of glomerular epithelial cells and degenerative
changes in renal tubular cells, congestion and parenchyma hemorrhage (Coulombe et
al., 1994; Hussain et al., 2008). In other animals, there was a reduction in the glomerular
filtration rate, glucose reabsorption and tubular transport of electrolytes and organic
anions, reduced activities of renal glutamate-oxaloacetate and pyruvate transaminases and
alkaline phosphatase in rats attributed to by the aflatoxins and their metabolites as well as
the generated ROS. There was induced aggregation and loss of chromatin, mitochondrial
degeneration and loss of microvilli induced by AFB1 in cultured kidney cell lines
(Coulombe et al., 1994; Sharma et al., 2011; Hussain et al., 2008).
2.4.2.8. Effect of aflatoxins on the endocrine system
Aflatoxins, especially AFB has been reported to interfere with functioning of the various
endocrine gland by disrupting the enzymes and their substrates that are responsible for
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the synthesis of the various hormones. Aflatoxins and their metabolites as well as the
generated ROS have been reported to cause various cancers in different endocrine glands
like pituitary gland, granulosa cell tumors of the ovary and adenomas and
adenocarcinomas of the adrenal gland, kidneys, thyroid gland, ovaries, testes, thyroid
gland, parathyroid glands and endocrine pancreas (INCHEM et al., 1993; Lakkawar et
al., 2004). The plasma testosterone and luteinizing hormone concentrations have been
reported to reduce in aflatoxin-fed birds (INCHEM et al., 1993). In laboratory animals,
aflatoxin causes delayed maturation of both males and females (Agag et al., 2004;
INCHEM et al., 1993; Lakkawar et al., 2004). Aflatoxicosis in white leghorn males
chicken decreased feed consumption, body weight, testes weight and semen volume
(Sharlin et al., 1980) and decreased plasma testosterone values(Agag et al., 2004).
2.4.2.9. Effect of aflatoxins on reproductive system
In humans exposed to chronic aflatoxin-contaminated foods, it has been reported that
higher concentrations of aflatoxins occur in the semen of infertile men (Gupta et al.,
2011). It is also associated with low birth weight, a risk factor for jaundice in infants as
well as presence of AFM in maternal breast milk where it can cause deleterious effect in
the newborns (Shuaib et al., 2010). In Nigeria, about 37% of the infertile men had
aflatoxin in their blood and semen hence contributing to incidence of infertility in
Nigerians (Uriah et al., 2001). Experimental results indicate that, certain agents like
aflatoxins can interfere with reproductive capabilities of sexes, causing sterility,
infertility, and abnormal sperm, low sperm count, and/or affect hormone activity in
animals. Aflatoxins have been reported to disrupt the reproductive system in both male
and female animals after ingestion of aflatoxin-contaminated foods. Aflatoxins also cause
pathological alterations in the form of coagulative necrosis especially in the growing and
mature follicles and decrease in number and size of graffian and growing follicles with
increased number of atretic follicles and small areas of degenerative changes in
experimental animals (El –Azab et al., 2009). AFB1 has been reported to have a
deleterious effect on the reproductive capacity of laboratory and domestic female animals
where they cause reductions in ovarian and uterine sizes, increases fetal resorption,
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implantation loss and intra-uterine death in the aflatoxin exposed female rats (El –Azab
et al., 2009). They also cause a reduction in the primary spermatocytes and spermatids
(Hasanzadeh et al., 2012) and affect the morphology of the sperm cells produced
(Fapohunda et al., 2008). Stillbirths were reported in the 15th to the 18th days of
pregnancy in rats (Goerttler et al., 1980). The levels of plasma testosterone, plasma 5αdihydrotestosterone and absolute and relative testes weights were reported in
experimental animals of aflatoxin-treated males remained low in all age groups and a
delay in the onset of sexual maturation during aflatoxicosis (Clarke et al., 1987). In
cows, aflatoxins affected the reproductive system by causing abortion, the birth of weak,
deformed calves, reduced fertility due to reduced vitamin A levels (AAFRD et al., 2003).
The teratogenic effects of AFB1 were described as enlarged eye sockets and enlarged
liver of embryos (Wangikar et al., 2005). In poultry, AFB1 cause a reduction in semen
volume, testes weight, spermatocrit and plasma testosterone as well as a reduction in egg
output (Coulombe et al., 1994).
2.4.2.10. Effect of aflatoxins on the immune system
Chronic consumption of aflatoxin-contaminated foods has been reported to cause
immunosuppression in both humans and animals worldwide (USAID et al., 2012;
Harriet et al., 2003). In human, aflatoxins affect both the cellular and humoral immune
responses where they alter immunological parameters in participants with high AFB1
levels resulting in impairments in cellular immunity hence decreasing the host resistance
to infections (Jiang et al., 2008). Aflatoxin exposure has been shown to cause immune
suppression, particularly in cell-mediated responses (Jiang et al., 2008). Chronic
exposures of the individual to aflatoxins depress the phagocytic efficiency of the
phagocytes and the delayed hypersensitivity reactions in birds. Aflatoxins also deplete the
cell populations of the thymus; reduce the bone marrow and the red and white blood cells
count, macrophage numbers and the phagocytic activity of the cells. It also depresses the
T-cell dependent functions of splenic lymphocytes in mice. The natural killer cell
function of the peripheral blood lymphocytes is also affected by aflatoxins especially
AFB1 (Coulombe et al., 1994). A reduction in the leukocyte immunophenotypes in
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peripheral blood, CD4+ T cell proliferative response,CD4+ T and CD8+ T cell cytokine
profiles and monocyte phagocytic activity were reported. Children in developing
countries appear to be naturally exposed to aflatoxin through their diet at levels that
compromise the immune system. In general, the proportion of childhood growth stunting
is directly correlated with the proportion of the population living below the national
poverty line and is inversely correlated with gross domestic product per capita (USAID
et al., 2012; WHO et al., 2008). As is the case with liver cancer, childhood stunting is
prominent in regions such as Southeast Asia and Sub-Saharan Africa, where aflatoxin
exposure through consuming contaminated food is common (USAID et al., 2012; WHO
et al., 2008).Aflatoxin has also been linked to kwashiorkor, a disease caused by protein
energy malnutrition. Kwashiorkor has some characteristics associated with the
pathological effects caused by aflatoxin exposure in animals, but the link between
aflatoxin exposure and kwashiorkor is not clear (Shephard et al., 2008). It has been
reported that the immunosuppression and nutritional effects of chronic aflatoxin exposure
may be linked to the high prevalence of HIV in Southern Africa (USAID et al., 2012).
The CD4+ proteins that have been weakened by aflatoxin exposure have been reported to
correlate positively with HIV infection (Jiang et al., 2008). Also, high aflatoxin levels
have been reported to increase risk of developing tuberculosis in HIV-positive
individuals. Persons who are exposed to aflatoxin and are HIV positive have decreased
plasma vitamin A and vitamin E in the blood, although there was no interaction detected
between aflatoxin and HIV infection (Ayodele et al., 2007). HIV infection is likely to
increase aflatoxin exposure by two possible routes: (1) HIV infection decreases the levels
of antioxidant nutrients that promote the detoxification of aflatoxin, or (2) the high degree
of co-infection of HIV-infected people with hepatitis B also increases the biological
exposure to aflatoxin (USAID et al., 2012). Aflatoxin induce immunosuppression and
increases susceptibility of aflatoxin-toxicated birds and animals to bacterial, viral and
parasitic infections (Sharma et al., 2011). It also affects the lymphoid follicles of caecum
thus depleting the lymphocytes that may contribute to the observed immunosuppression
(Sahoo et al., 1996). Aflatoxin decreases the concentrations of immunoglobulins IgM,
IgG and IgA in birds as well as decrease complement activity in chickens (Agag et al.,
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2004). suppression of the immune system therefore subjects the individual to high risk of
susceptible to infectious diseases like parasitic, bacterial and viral infections (Fernández
et al., 2000).
2.5 Hepatocellular carcinoma
Hepatocellular carcinoma (HCC), with the majority of cases are most occur in developing
countries, particularly China, other parts of south-east Asia and sub-Saharan Africa
(Behnoush et al., 2011), is the sixth most common cancer in the world, accounting for
about 5% of all human cancers, and the second cause of death from cancer worldwide
(International Agency for Research on Cancer et al., 2002) This cancer is more
common in men than women, although sex ratios vary by region (Villar et al., 2012). It
is the fifth most common cancer in men and the eighth most common cancer in women
(Villar et al., 2012), with roughly 550,000–600,000 new HCC cases globally each year
(Ferlay et al., 2004). More than 600,000 people die each year from liver cancer. The
number of new liver cancer cases each year is roughly equivalent to the number of
deaths, illustrating the poor access to, and efficacy of treatment (Ferlay et al., 2004).
In Gaza Strip, according the annual report on cancer (2010), Ministry of Heath, Gaza,
149 cases of HCC (87 males, 62 females) during 2000-2010 were identified (Abed et al.,
2010).
Several studies have implicated a multifaceted etiology for human HCC (Yu et al.,
2004). In addition to chronic infection with hepatitis B or C viruses and lifestyle habits
(such as alcohol abuse), dietary exposure to aflatoxin B1 (AFB1) is a major risk factor for
development of human HCC (Yu et al., 2004; Bosch et al., 2004). In 90% of the HCC
cases, at least one of these risk factors can be identified either alone or in combination
with another factor. The presence of each risk factor among patients varies according to
the geographical origin of the patients. Globally, exposure to HCV, HBV and AFBI are
responsible for about 80% of all HCC in humans worldwide but the principal risk factor
varies between countries. In Japan almost all HCC are linked to HCV infection, whereas
in Africa HBV infections are predominant. In France, HBV and HCV infections and
alcohol intake are identified with approximately equal frequency. Exposure to AFBI is
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commonly found in sub-tropical countries where humid heat can lead to the development.
of Aspergillus flavus in improperly stored foods such as cereals and peanuts (Yu et al.,
2004; Bosch et al., 2004).
2.6 Hepatitis B infection:
Hepatitis B chronic infection, representing 350 million (5% of the world population)
worldwide is the major attributable risk factor worldwide for severe chronic liver disease
and, significantly, hepatocellular carcinoma (HCC) (Behnoush et al., 2011; Villar et al.,
2012). The fraction of HCC cases attributable to HBV has been estimated to be 23% in
developed countries and 59 % in developing countries. Hepatitis B is a viral infection of
the liver caused by Hepatitis B virus (HBV) (a hepadnavirus DNA virus) and causes an
infectious inflammatory disease of the liver, with an estimated two billion people
infected. According to the World Health Organization (WHO), highly endemic regions
are sub-Saharan Africa and South-East Asia, where 5-10 per cent of the adult population
are chronically infected (Datta et al., 2008), with an estimated two billion people
infected. Some 360 million people, 5% of the world population, is chronically infected
with HBV. The WHO further estimates that about 20-30 per cent of chronic hepatitis B
patients die from hepatitis B-related liver cancer or cirrhosis (Datta et al., 2008).
Overall, hepatitis B viral infection accounts for about 45 percent of liver cancer cases and
30 percent cirrhosis, with much higher proportions in low and medium HDI countries
(Yu et al., 2004). The fact that HBV infection and associated liver disease can be
prevented by vaccination is a significant achievement in the field of cancer prevention. It
is calculated that without HBV vaccination, among the global birth cohort born in the
year 2000 there would be almost 1.5 million HBV-related deaths, mainly due to cirrhosis
and HCC( Goldstein et al., 2005).
In Gaza Strip, according to the Ministry of Health, Gaza, 265 new cases of chronic
hepatitis B were identified in 2017, with incidence ratio of 0.78%, and the incidence rate
for hepatitis B carries was 16.0 per 100,000 population (PHIC et al., 2017).
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2.7 Interaction between AFB1 and HBV in HCC:
Hepatitis B and aflatoxins are independent causative agents of primary liver cancer, and
both have similar geographic distributions. Co-existence of hepatitis B and aflatoxins
produces a great multiplicative interaction that increases liver cancer risk by 12-fold than
in someone infected with hepatitis B alone which already causes 5-fold increase in the
risk of liver cancer, according to WHO expert group on aflatoxins and health (Perz et al.,
2006).
Some authors have also demonstrated a considerable variation in the risk of liver cancer
mortality to the tune of 3.5 folds across the communities from which their study
populations were drawn. These researchers showed that the variation in the risk of
mortality from liver cancer across the communities was strongly correlated positively
with local levels of aflatoxin B1 exposure (Wild et al., 2002). It is noteworthy in their
study that 91 percent of the liver cancer deaths were seropositive for the hepatitis B
surface antigen (HBsAg) (Wild et al., 2002). These observations are consistent with the
analysis reporting a striking multiplicative effect between exposure to aflatoxin B1 alone
and exposure to aflatoxin B1 in the presence of chronic hepatitis B infection (Fattovich
et al., 2004). Furthermore, it was showed that hepatitis B-infected patients with liver
tumor were 10 years younger in those with urinary aflatoxin adduct than those who were
adduct negative. This thus confirms the cohort report of some other investigators
documenting elevated risk of liver cancer in subjects who were HBsAg seropositive and
had high concentrations of aflatoxin metabolites in their urine, compared to subjects with
high aflatoxin exposure only, or HBsAg-seropositivity only (El-Serag et al., 2007).

The marked worldwide heterogeneity of HCC incidence in HBV-endemic regions might
be related, at least in part, to aflatoxin exposure (Yuen et al., 2009). It should be stressed
that areas with high exposure to AFB1 are also characterized by a high prevalence of
HBV infection. AFB1 is independent of the risk conferred by HBV, however
concomitant exposure to both HBV and AFB1 markedly increases the risk of HCC. (Ross
et al., 1992) formerly demonstrated a synergistic interaction between HBV and AFB1 in
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the development of liver cancer. Subsequently, (Sun et al., 1999) followed a cohort of
Chinese men with chronic HBV for 10 years and found that the relative risk of HCC was
significantly increased in subjects with detectable AFM1 levels. Aflatoxin exposure in
association with HBV infection induces a 60-fold increase in risk of HCC, while
aflatoxin alone increases the risk fourfold (Yu et al., 2004). Studies have shown that
persons with hepatitis B infection who live with chronic aflatoxin exposure have a risk of
contracting liver cancer that is 30 times greater than people who are hepatitis B-negative
(Liu et al., 2010). In a case-control study in The Gambia, the codon 249ser mutation was
examined in the plasma of HCC cases, cirrhosis patients and controls. The presence of
both the codon 249ser mutation which is usually caused by AFB1 and HBV infection was
associated with an increase in the risk estimate for HCC (Kirk et al., 2005). HBV
transgenic mice overexpressing HBsAg in the liver showed more HCC than nontransgenic littermates when exposed to AFB1 (Sell et al., 1991). Aflatoxin exposures
multiplicatively increase the risk of liver cancer in people chronically infected with
hepatitis B virus (HBV), which illustrates the deleterious impact that even low toxin
levels in the diet can have on human health (Wang et al., 1996). (Ghebranious et al.,
1998) have investigated the induction of HCC in p. R246S transgenic mice; they found
that the presence of p. R246S enhanced aflatoxin-induced formation of liver tumor in
conjunction with a HBsAg transgene. Recently, a large-scale quantitative analysis of
TP53 mutations in the serum of healthy individuals from The Gambia, a country with
high aflatoxin exposure levels and endemic for HBV infection, has been performed. The
study revealed the presence of R249S DNA in the serum or plasma of apparently healthy
subjects, with a seasonal variation that recapitulated the known variation in exposure to
aflatoxin. Moreover, the presence and mean concentrations of R249S DNA in the plasma
or serum were significantly associated with HBV carriage, with 44% of carriers showing
detectable levels of the mutation compared to only 24% of non-carriers. These results are
consistent with the hypothesis that HBV infection may specifically contribute to the
acquisition and/or the retention of R249S mutation in hepatocytes (Gouas et al., 2009).
However, the biology underlying this statistical interaction is not fully understood.
Several lines of evidence suggest that HBV infection may enhance the mutagenic effects
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of AFB1. First, the presence of the virus may interfere with AFB1 metabolism. The
expression of CYP450 enzymes that metabolize AFB1 is increased in HBsAg-transgenic
mice (Kirby et al., 1994). Moreover, Gambian children and adolescents chronically
infected with HBV show higher concentrations of AFB1 adducts than uninfected
individuals (Kew et al., 2003). Second, viral replication and chronic inflammation due to
infection induces oxidative stress in hepatocytes, which may contribute to the mutation
load at codon 249 (Hussain et al., 1994). Third, HBV may also promote these mutations
through indirect mechanisms, e.g., by inducing chronic inflammation which, in turn,
increases hepatocyte turnover rate and the risk of acquisition of a mutation such as
R249S. Another possible mechanism of interference between HBV and mutagenesis at
codon 249 may occur at the level of cellular DNA repair. AFB1–DNA adducts, in
particular, AFB1-N7-Gua and AFB1-FAPY, are repaired through the NER pathway. The
viral antigen HBx can decrease NER efficiency, probably through physical interaction
with wild-type p53 and/or with the components of the NER machinery, such as XPB and
XPD DNA helicases (Jia et al., 1999). The inhibition of NER by HBx may therefore lead
to the persistence of AFB1-DNA adducts, which increases the risk for mutations.
However, this mechanism does not account for the specific retention of R249S, unless
some form of sequence-specificity in preferential repair of DNA at other positions than
the third base of codon 249 is concerned. The high rate of R249S mutation may also be
the consequence of the fact that this mutant provides some kind of selective advantage to
infected liver cells. This may lead to the clonal expansion of p. R249S-expressing
hepatocytes and may increase the probability for further accumulation of other cancerprone mutations. This property may be due to a special capacity of p. R249S to form
complexes with selected viral antigens. It has been reported that the HBx protein
physically associates with p53 and apparently blocks its normal function in vitro and in
vivo (Wang et al., 1994). In agreement with this view, in mice carrying HBx transgene,
the X protein may bind to p53 and induce its retention into the cytoplasm, thus
functionally inactivating its function (Lin et al., 1997). Whether this interaction is of
relevance for mutant p53, and in particular for p. R249S, is not clear. Of note, those HBx
transgenic mice have a higher level of G: C–T:A transversions induced by AflatoxinB1
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than AflatoxinB1-exposed wildtype mice (Maddenet al., 2002). There may be exists
other mechanisms, including the predisposition of HBV-infected hepatocytes to
aflatoxin-induced DNA damage; an increase in susceptibility to chronic HBV infection in
aflatoxin-exposed individuals; and oxidative stress exacerbated by co-exposure to
aflatoxins and chronic hepatitis infection. Some epidemiological studies have clearly
shown that two factors of importance in determining the risk of HCC in the natural
history of HBV infection are the age at primary infection and the presence of serum
HBeAg or HBV DNA, biomarkers of active viral replication, in patients with chronic
active hepatitis (Yang et al., 2002). In addition, hepatitis B virus X (HBx) protein affects
various cellular functions relevant to cancer development, namely p53 and oxidative
DNA damage (Hussain et al., 2007). This correlation may be indicative of AFB1
exposure itself inducing oxidative stress, HBV could predispose hepatocytes to the
carcinogenic action of aflatoxins. For example, human liver epithelial cells, expressing
wild-type p53 and transfected with HBx gene were more sensitive to the cytotoxic action
of AFB1-8, 9-epoxide than were the parent cells (Sohn et al., 2000). The HBx expressing
cells were also more prone to apoptosis and to induction of mutations at codon 249 of the
p53 gene. Aflatoxin exposure may alter the effects of the hepatitis virus infection,
perhaps affecting susceptibility to infection or viral replication. HepG2 cells transfected
with re-circularized HBV and treated with AFB1 showed a 2-3-fold increase in HBsAg at
96 hours post treatment (Banerjee et al., 2000). DNA damage can also increase viral
DNA integration into the host genome (Dandri et al., 2002) and it is possible that AFB1
could exert this effect directly, or indirectly via the oxidative stress mentioned above. In
addition, the study in Guangxi, China found additive effects of HBV BCP mutations and
high serum AFB1-lysine adduct level on the risk of developing HCC (Xu et al., 2010). A
study provided the first evidence that cirrhosis may play a contributory role in the
pathogenesis of AFB1-induced HCC (Jiang et al., 2010). The long-term exposure to
AFB1 was assessed in the patients with cirrhosis and the controls on the basis of two
observations: A history of lifetime groundnut (peanut) intake or the finding in the serum
of a genetic marker of heavy exposure to AFB1, the 249 ser p53 mutation. An increased
relative risk of cirrhosis development of three-fold was calculated using a history of life40

time dietary intake of groundnuts as the criterion for significant exposure, and of fourfold using the finding of the 249 ser p53 mutation in serum as the criterion, allowing for
the possible confounding effect of HBV and HCV infection in each instance (Hung et
al., 2003).

2.8. Analytical Methods for the Determination of Aflatoxins:
Different techniques have been found for the determination of aflatoxins in the last years.
Techniques based on ELISA detection (Li et al., 2010), electrochemical sensor (Tan et
al., 2009), immunoassays (Saha et al., 2007), Liquid Chromatography Mass
Spectrometry (LC-MS) (Rubert et al., 2010), Liquid Chromatography with Fluorescence
Detection (LC-FLD) (Ibáñez-Vea et al., 2011), Liquid chromatography with ultraviolet
detection (Fu et al., 2008) and adsorptive stripping voltammetry (Hajian et al., 2009) are
found in the literature.
Of these methods, Liquid chromatography (HPLC) coupled with a UV- detector, a
ﬂuorescence detector, or a mass spectrometer as detector is the standard method use for
aﬂatoxin quantification due to its robustness and sensitivity. However, the analysis
should be preceded by an extensive extraction, sample cleaning-up, and analyte
concentration procedures that extend the analysis time. In addition, this methodology
requires an expensive equipment, highly pure reagents, and technical expertise. These
factors limit the application of this methodology for in situ and on-field analysis of
aﬂatoxin contamination. Therefore, the agroindustry encourages the search for alternative
techniques for aﬂatoxin detection (Da Silva et al., 2018; Azri et al., 2018; Coochuay et
al., 2018).
Immunochemistry-based analytical methods do not require an expensive instrumentation,
and allows simultaneous analysis of numerous samples without the need for an extensive
clean-up steps in between and it uses reagents which are harmless to the environment.
Hence these methods are an excellent alternative for the routine rapid diagnosis from
nanogram (ng) to picogram (pg) detection range. The enzyme-linked immunosorbent
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assay (ELISA) stand-out as a promising rapid, sensitive, and specific alternative for a
simple screening method for the analysis of aﬂatoxin in peanuts. The development of a
monoclonal antibody-based (mAb) Elisa and the use of commercial analytical kits for the
detection of aﬂatoxin from various food matrices have been reported earlier. These
immunochemistry-based methods employing mAb offer high-sensitivity and adequate
limits of detection/quantification, in comparison with HPLC-based methods, and can be
applied to different agricultural raw materials to detect the presence of toxins (Da Silva
et al., 2018; Azri et al., 2018; Coochuay et al., 2018).
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Chapter 3
Methodology
This chapter describes the methodology that was used in this research. The adopted
methodology to accomplish this study uses the following techniques: the information
about the research design, research population, statistical data analysis.
3.1 Materials and methods:
The aﬂatoxin B1 (AFB1) level in serum samples of both chronic hepatitis B patients (40
samples) and control subjects (40 samples) was determined by an ELISA reader, an
ELISA kit purchased from My BioSource Company (USA) based on competitive enzyme
immune assay for the quantitative analysis of aﬂatoxin B1. Aflatoxin levels were
determined by Human Aflatoxin B1 Aldehyde Reductase Member 4 AKR7L (My
BioSource, Catalog Number: MBS7236834).
3.1.1 Materials:
All reagents provided are stored at 2-8° C.
Table 3.1 Materials Specification and Qantity
NO.

Materials

Specification

Quantity

1

96 wells

strip well

6.0 mL

1 vial

3

MICROTITER
PLATE
ENZYME
CONJUGATE
STANDARD A

0 ng/mL

1 vial

4

STANDARD B

2.5 ng/mL

1 vial

5

STANDARD C

5.0 ng/mL

1 vial

6

STANDARD D

10 ng/mL

1 vial

7

STANDARD E

25 ng/mL

1 vial

8

STANDARD F

50 ng/mL

1 vial

2
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9

SUBSTRATE A

6 mL

1 vial

10

SUBSTRATE B

6 mL

1 vial

11

STOP SOLUTION

6 mL

1 vial

12

WASH SOLUTION
(100 x)

10 mL

1 vial

3.1.1.1 Specimen collection and storage:
Serum: A serum separator tube is used and samples were allowed to clot for 2 hours at
room temperature or overnight at 2-8°C. Centrifugation was done at approximately
1000 × g (or 3000 rpm) for 15 minutes. Serum is removed and assayed immediately.
3.1.1.2 Materials and equipment required:
1. Precision pipettors and disposable tips to deliver 10-1000 μl. A multi-channel pipette is
desirable for large assays.
2. 100 mL- and 1-liter graduated cylinders.
3. Distilled or deionized water.
4. Tubes to prepare sample dilutions.
5. Absorbent paper.
6. Microplate reader capable of measuring absorbance at 450 nm.
7. Centrifuge capable of 3000 × g.
8. Microplate washer or washing bottle.
9. Incubator (37°C).
10. Data analysis and graphing software.
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3.1.1.3 Reagents preparation:
1. Bring all kit components and samples to room temperature (20-25 °C) before use.
2. Samples - Please predict the concentration before assaying. If concentrations are
unknown or not within the detection range, a preliminary experiment is recommended to
determine the optimal dilution. PBS (pH 7.0-7.2) or 0.9% physiological saline can be
used as dilution buffer.
3. Wash Solution - Dilute 10 mL of Wash Solution concentrate (100×) with 990 mL of
deionized or distilled water to prepare 1000 mL of Wash Solution (1×). If crystals have
formed in the concentrate, warm to room temperature and mix gently until the crystals
have completely dissolved. The 1× wash solution is stable for 2 weeks at 2-8°C.
4. Do not dilute the other components which are ready- to-use.
3.1.2 Assay procedure:
1. The desired numbers of coated wells in the holder were secured, then 100 μL of
Standards were added (the bottle of each standard was shaken gently by hand and the
solution of standard was pipetted up and down for 3 times before adding) or Samples to
the appropriate well. 100 μL of PBS (pH 7.0-7.2) were added in the blank control well.
2. 50 μL of Conjugate were added to each well (NOT blank control well), and mixed
well. The plate was covered and intubated for 1 hour at 37°C.
3. The microtiter plate was washed using one of the specified methods indicated below:
a. Manual Washing: The incubation mixture was removed by aspirating contents of the
plate into a sink or proper waste container. Each well is filled completely with 1× wash
solution, and then contents of the plate were aspirated into a sink or proper waste
container. This procedure was repeated five times for a total of five washes. After
washing, the plate was inverted, and blotted dry by hitting the plate onto absorbent paper
or paper towels until no moisture appears.
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b. Automated Washing: The plate was washed five times with diluted wash solution
(350-400 μL/well/wash) using an auto washer. After washing, the plate was dried as
above. It is recommended that the washer be set for a soaking time of 10 seconds and
shaking time of 5 seconds between each wash.
4. 50 μL Substrate A and 50 μL Substrate B were added to each well including blank
control well, subsequently. The wells were covered and incubated for 10-15 minutes at
37°C.
5. 50 μL of Stop Solution were added to each well including blank control well and
mixed well.
6. The Optical Density (O.D.) was determined at 450 nm using a microplate reader
immediately.
3.1.3 Calculation of results:
1. The standard curve was used to determine the amount of samples.
2. First, the duplicate readings were averaged for each standard and sample.
All O.D. values are subtracted by the mean value of blank control before result
interpretation.
3. A standard curve was constructed by plotting the average O.D. for each standard on the
horizontal (X) axis against the concentration on the vertical (Y) axis, and the best fit
curve was drawn using graph paper or statistical software to generate a four parameter
logistic (4-PL) curve-fit or logit-log linear regression curve.
4. The concentration of samples was calculated corresponding to the mean absorbance
from the standard curve.
3.1.4 Sensitivity: The sensitivity in this assay is 0.1 ng/mL.
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3.1.5 Specificity: This assay had high sensitivity and excellent specificity for detection of
AKR7L. No significant cross-reactivity or interference between AKR7L and analogues
was observed.
3.2 Study design:
This case-control study was conducted on 40 patients with chronic hepatitis B due to
hepatitis B virus (HBV) presented to local hospitals in Gaza-Strip: Gaza European
Hospital (20 samples) and Al-Shifa hospital (20 samples) during the period from August
2017 until March 2018, and 40 healthy people with the same characteristics of patients in
terms of age, sex and smoking, as control group. The concentration of AFB1 was
examined in both groups.
3.3 Study Setting:
This study was carried out in two local hospitals in Gaza-Strip: Gaza European Hospital
(20 blood samples) and Al-Shifa hospital (20 blood samples), where chronic hepatitis B
patients and hepatocellular cancer patients are registered.
3.4 Study population:
The target population consisted of 40 chronic hepatitis B patients who are registered in
two local hospitals in Gaza Strip: Gaza European Hospital (20 blood samples) and AlShifa hospital (20 blood samples), where chronic hepatitis B patients and hepatocellular
cancer patients are registered, as well as 40 healthy people with the same characteristics
of patients in terms of age, sex and smoking, as control group. The concentration of
AFB1 was determined in both groups.
3.5 Sample Size:
The total sample size is 80, divided into two groups: 40 blood samples were collected
from patients with chronic hepatitis B, and 40 blood samples were collected from healthy
control persons, matching with age, sex and smoking.
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We have selected 40 patients and 40 healthy control, after reviewing similar research
done in different countries and when comparing the numbers included in the studies
compared to the population in those countries we found that the number is appropriate to
the population in the Gaza Strip

3.6 Study Period:
The period of the study was six months, it was carried out from August 2017 until March
2018.

3.7 Eligibility criteria:
1.

For patients with chronic hepatitis B with or without cirrhosis and

hepatocellular carcinoma:
A.

Inclusion Criteria:

•

Ability and acceptance to participate in the study.

•

Patients diagnosed with hepatitis B with or without cirrhosis and hepatocellular

cancer in Gaza Strip during the last 15 years.
•

Residency during the last 15 years in the Gaza Strip.

B. Exclusion Criteria:
• Patients diagnosed with hepatitis B with or without cirrhosis and hepatocellular cancer,
and alcoholic
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2.

For healthy control persons:

A.

Inclusion Criteria:

• Ability and acceptance to participate in the study.
• Negative hepatitis B surface antigen (HBsAg) test.
• Negative Hepatitis C virus (HCV) infection by anti-HCV test.

B. Exclusion Criteria:
• Persons with decompensated liver disease.
• Persons with hematologic disease.
• Persons with immunologically-mediated disease.
• Chronic pulmonary disease.
3.8 Sample collection:
The blood samples of chronic hepatitis B patients were collected with coordination with
the two local hospitals Gaza European Hospital (20 blood samples) and Al-Shifa hospital
(20 blood samples), in Gaza-Strip. The blood samples of healthy control person were
collected as soon as matching healthy persons are available.
3.9 Administrative and ethical considerations:
The researcher obtained all ethical considerations required to conduct this study:
• Approval from faculty of pharmacy, Al-Azhar University of Gaza.
• Approval from the Dean of Post-Graduate Studies, Al-Azhar University of Gaza.
• Approval letters from the Dean of faculty of pharmacy, Al-Azhar University of Gaza, to
general director of concerned institution.
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• Approval from Helsinki Committee on the proposal study (Annex 1).
• Approval from European Gaza Hospital to perform this study.
• Approval from Al-Shifa hospital to perform this study.
• Approval from the patients and control subjects to share this study.
• Information consentform was taken from the patients and control subjects after
explanation and understanding the nature and the purpose of this study.
3.10 Interviewing questionnaire:
The questionnaire was conducted for both patients and healthy control persons and
included age, gender, socio-demographic characteristics, history of cigarette smoking,
history of alcohol, medical history, personal and family history of various chronic
diseases and dietary habits.
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Chapter 4
Results
Statistical analysis:
To achieve the research goal, researcher used the statistical package for the Social
Science (SPSS) software version 22.0 (SPSS Inc., Chicago, IL, USA) for manipulating
and analyzing the data. Statistical methods used were as follows:
1. Frequencies and Percentile.
2. Shapiro–Wilk test to test distribution of normality of data.
3. Independent sample t test the proportion of AFB1 in both groups (patients, control
subjects).
4. Independent sample t test to test the difference in the percent of Aflatoxin B1 ng/ml in
patients group due to gender, smoking, analgesic use, legumes, milk and nut
consumption.
5. One-way ANOVA test for the difference in the percent of Aflatoxin B1 ng/ml in
patients group due to age and HBV Duration,
6. Scheffe test for Multiple Comparisons.

51

4.1 The serum Aflatoxins B1 levels
4.1.1 The serum Aflatoxins B1 levels in chronic hepatitis B patients
Table (4.1) The serum Aflatoxins B1 levels in chronic hepatitis B patients

Patient

Gender

Age

Milk

Nuts

Legumes

Analgesic

Smoking

No.

HBV

Other diseases

duration

Result
g/ml

1

F

51

YES

NO

YES

YES

NO

5Y

-

3.6

2

M

32

YES

YES

YES

NO

NO

14 Y

-

7.3

3

M

29

YES

YES

YES

NO

NO

10 Y

-

6.2

4

M

34

NO

YES

NO

NO

YES

7Y

-

2

5

M

74

NO

NO

NO

NO

YES

3Y

Hypertension

7.6

6

M

36

NO

YES

YES

NO

NO

18 Y

-

20.7

7

M

54

NO

NO

NO

YES

YES

5Y

Hypertension

1.6

kidney failuer
8

M

32

NO

NO

YES

NO

YES

5Y

-

2

9

F

65

YES

YES

NO

YES

NO

15 Y

Diabetic

1.6

10

M

52

YES

YES

YES

YES

NO

18 Y

-

1.8

11

M

61

YES

YES

YES

NO

NO

13 Y

-

5.9

12

M

49

YES

YES

YES

NO

YES

1Y

-

3.1

13

M

50

YES

YES

YES

YES

YES

16 Y

Diabetic ,

1.8

hypertension
14

M

27

NO

YES

YES

NO

YES

1Y

-

7.9

15

M

54

YES

YES

YES

NO

NO

1Y

-

2.1

16

M

36

YES

NO

YES

YES

YES

11 Y

-

6.5

17

F

53

YES

YES

YES

NO

NO

3Y

Diabetic ,

4.5

hypertension
18

M

74

YES

YES

YES

YES

NO

8Y

-

2.4

19

F

65

YES

NO

YES

YES

NO

11 Y

Hypertension

7

20

M

61

YES

YES

YES

NO

NO

16 Y

Hypertension

7.9
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Continued…

Patient

Gender

Age

Milk

Nuts

Legumes

Analgesic

Smoking

No.

HBV

Other diseases

duration

Result
g/ml

21

M

26

YES

NO

YES

YES

NO

3Y

-

7.7

22

M

57

NO

NO

NO

NO

YES

2Y

Diabetic ,

1.9

hypertension
23

M

28

YES

YES

YES

NO

NO

4Y

-

2

24

M

36

YES

YES

YES

YES

YES

10 Y

-

9.6

25

M

24

YES

YES

YES

NO

NO

3Y

-

17.2

26

M

41

YES

YES

YES

NO

NO

3Y

-

6.9

27

F

43

YES

YES

YES

YES

NO

3Y

Diabetic ,

13.3

hypertension
28

F

49

NO

NO

YES

YES

NO

5Y

Diabetic

11.2

29

M

34

YES

YES

YES

YES

YES

6Y

-

7.2

30

F

35

YES

YES

YES

NO

NO

11 Y

-

6.8

31

M

33

YES

YES

YES

YES

YES

7Y

-

8.3

32

M

28

YES

YES

YES

YES

NO

9Y

-

7.6

33

M

29

YES

YES

YES

NO

NO

2Y

-

20

34

M

48

YES

YES

YES

NO

NO

17 Y

-

19.5

35

M

45

YES

YES

YES

NO

NO

6Y

-

12.7

36

M

33

YES

YES

YES

NO

NO

4Y

-

10.2

37

M

33

NO

NO

NO

YES

NO

1Y

Kidney

12.1

failure
38

M

37

YES

YES

YES

NO

NO

5Y

-

18.1

39

M

49

YES

YES

YES

YES

NO

15 Y

-

16.4

40

M

61

NO

NO

NO

YES

YES

3Y

Diabetic ,

2.3

hypertension
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4.1.2 The serum Aflatoxins B1 levels in healthy control person.
Table (4.2) The serum Aflatoxins B1 levels in healthy control person

Control

Gender

Age

Smoking

No.

Result
ng/ml

1

F

51

NO

10.2

2

M

32

NO

5.8

3

M

29

NO

1.9

4

M

34

YES

2

5

M

74

YES

7

6

M

36

NO

5.2

7

M

54

YES

7.7

8

M

32

YES

6.9

9

F

65

NO

2.3

10

M

52

NO

5.9

11

M

61

NO

1.7

12

M

49

YES

1.6

13

M

50

YES

5.4

14

M

27

YES

1.6

15

M

54

NO

5.7

16

M

36

YES

2.3

17

F

53

NO

9.9

18

M

74

NO

7

19

F

65

NO

6.8

20

M

61

NO

2.2

54

Continued…

Control

Gender

Age

Smoking

No.

Result
ng/ml

20

M

61

NO

2.2

21

M

26

NO

8.2

22

M

57

YES

1.5

23

M

28

NO

1.5

24

M

36

YES

5.9

25

M

24

NO

7.4

26

M

41

NO

8.8

27

F

43

NO

7.8

28

F

49

NO

11.8

29

M

34

YES

3.4

30

F

35

NO

1.9

31

M

33

YES

4.2

32

M

28

NO

2.4

33

M

29

NO

2.7

34

M

48

NO

2.1

35

M

45

NO

13.2

36

M

33

NO

6

37

M

33

NO

2.1

38

M

37

NO

3.4

39

M

49

NO

2.3

40

M

61

YES

6.4
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4.2 Tests of Normality:
Shapiri-wilk test will be used to identify if the data follow normal distribution or not,
this test is considered necessary in case testing hypotheses as most parametric Test
stipulate data to be normality distributed and this test used when the size of the sample
are less than or equal 50.
Results test as shown in table (4.3) , clarifies that the calculated p-value is greater than
the significant level which is equal 0.05 ( p-value. > 0.05), this in turn denotes that data
follows normal distribution, and so parametric Tests must be used.

Table (4.3)
Shapiri-wilk test for normality
No.

Variable

Statistic test

Pvalue

1

Levels of Aflatoxin B1ng/ml (AFB) in patient group

1.096

0.181

2

Levels of Aflatoxin B1ng/ml (AFB) in control group

1.108

0.172

4.3 Personal information
4.3.1.Age
Table (4.4) show that 17.5% from the sample’s age are “Less than 30 years, 30.0 %
from “30-less than 40 years “ , 17.5 % from “40-less than 50 years “ , 17.5% from
“50-less than 60 years “, and 17.5% from “60 years or above“ .
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Table (4.4) Age percentages

Age

Frequency

Percentages
17.5

Less than 30 years

7

30-less than 40 years

12

30.0

40-less than 50 years

7

17.5

50-less than 60 years

7

17.5

60 years or above

7

17.5

Total

40

100.0

Figure 4.1 Age percentages
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4.3.2 Gender:
Table (4.5) show that 82.5% from the sample are “Male“ , and 17.5 % are “Female“ .

Table(4.5) Gender percentages

Gender

Frequency

Percentages

Male

33

82.5

Female

7

17.5

Total

40

100.0

Figure 4.2 Gender percentages
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4.3.3 Smoking
Table(4.6) show that 32.5% from the sample are smoking , and 67.5% are not smoking.

Table(4.6) Smoking percentages

Smoking

Frequency

Percentages

Yes

13

32.5

No

27

67.5

Total

40

100.0

Figure 4.3 Smoking percentages
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4.3.4Analgesic taking

Table(4.7) show that 45.0% from the patient sample are take analgesic, and 55.0% are
not take analgesic.

Table(4.7) Analgesic taking percentages

Analgesic

Frequency

Percentages

Yes

18

45.0

No

22

55.0

Total

40

100.0

Figure 4.4 Analgesic taking percentages
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4.3.5 Legumes taking

Table(4.8) show that 85.5% from the patient sample are takes legumes , ,and 17.5%
from the patient sample are not takes legumes.

Table(4.8) Legumes taking percentages

Legumes

Frequency

Percentages

Yes

33

82.5

No

7

17.5

Total

40

100.0

Figure 4.5 Legumes taking percentages
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4.3.6 Nuts taking
Table(4.9) show that 72.5% from the patient sample are takes Nuts, ,and 27.5% from the
patient sample are not takes Nuts.

Table(4.9) Nut taking percentages

Nuts

Frequency

Percentages

Yes

29

72.5

No

11

27.5

Total

40

100.0

Figure 4.6 Nut taking percentages
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4.3.7 Milk taking
Table(4.10) show that 75.0% from the patient sample are takes Milk, ,and 25.0% from
the patient sample are not takes Milk.

Table(4.10) Milk taking percentages

Milk

Frequency

Percentages

Y

30

75.0

No

10

25.0

Total

40

100.0

es

Figure 4.7 Milk taking percentages
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4.3.8 Other Disease
Table(4.11) show that 17.5% from the patient sample have other disease like “ Diabetic
Disease “ , 22.5% “hypertension Disease “ , and 5.0% “kidney failure Disease “ .

Table(4.11) Other Disease Percentages

Other Disease

Frequency

Percentages

Diabetic

7

17.5

Hypertension

9

22.5

Kidneyfailure

2

5

Total

40

100

Figure 4.8 Other Disease Percentages
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4.3.9 HBV Duration
Table(4.12) show that 52.5% from the patient sample the duration of Hepatitis B Virus
(HBV) from “1-5 years “ , 17.5% from “6- 10 years “ , and 30.0 % are “More than 10
years “ .

Table(4.12) HBV Duration Percentages

HBV Duration

Frequency

Percentages

1-5 years

21

52.5

6- 10 years

7

17.5

More than 10 years

12

30.0

Total

40

100.0
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4.4 Test of hypotheses :
1.There is statistical difference in the percent of Aflatoxin B 1 between control group
and patients group at significant level α ≤ 0.05.
To test the hypothesis we use independent Samples T test and the result illustrated in
table(4.13) which show that the p-value

equal 0.008 which is less than 0.05 and the

absolute value of T test equal 2.746 which is greater than the critical value which is
equal

1.99, .Mean that there is a statistically significant differences in the percent of

Aflatoxin B1 ng/ml between control group and patients group at significant level α ≤
0.05. and the difference in favor of patient group.

Table (4.13)
Independent Samples Test

for difference in the percent of Aflatoxin B 1ng/ml between controlling

group and patients group at significant level α ≤ 0.05

p-value
HBV

Mean N Std. Deviation

t

Df
(2-tailed)

Patient

7.86

40

5.666

control

5.05

40

3.129

2.746 78

0.008

Critical value of t at df "78" and significance level 0.05 equal 1.99

2.There is statistical difference in the percent of Aflatoxin B 1 ng/ml in patients'
group at significant level α ≤ 0.05 due to age.
To test the hypothesis we use one way ANOVA and the result illustrated in table (4.14)
which show that the p-value equal 0.000 which is less than 0.05 , and the value of Fstat
=which is greater than Fcritical =2.64. Means that there is a statistically significant
differences at the level of α ≤ 0.05 the percent of Aflatoxin B1 ng/ml in patients' group at
significant level α ≤ 0.05 due to age. But in control group the p-value equal 0.163which is
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greater than 0.05 and the absolute value of F test equal1.743which is less than the
critical value which is equal

2.64 , mean that there is no statistically significant

differences in the percent of Aflatoxin B1 in control group at significant level α ≤ 0.05
due to age..
Table(4.14)
One way ANOVA test for differences in the percent of Aflatoxin B1 ng/ml in patients group at
significant level α ≤ 0.05 due to age
Field

Source

Sum of
Squares

Between Groups 423.861
Patient

Mean

F Sig.(P-

Square value Value)

4 105.965
4.478 0.005

Within Groups

828.252 35 23.664

Percent of Aflatoxin

Total

B1ng/ml (AFB)

Between Groups

63.433

Within Groups
Total

control

df

1252.114 39
4

15.858

318.386

35

9.097

381.820

39

The Critical value of F at df "4,35 " and significance level 0.05 equal 2.64

67

1.743 0.163

From Scheffe test for Multiple Comparisons table (4.15) show that the difference
between " 50-less than 60 years" , and " 40-less than 50 years" in favor of " 40-less than
50 years" .
Table (4.15)

Scheffe test for Multiple Comparisons
Mean
Deference

30-less
Less than

than

30 years

years

Less than

40-less
40 than

50-less
50 than

years
0.567

60

years

60 or above

years
-2.071

7.329

4.843

-2.638

6.762

4.276

9.400*

6.914

30 years
30-less
than 40

-0.567

years
40-less
than 50

2.071

2.638

-7.329

-6.762

-4.843

-4.276

years
50-less
than 60

-9.400

*

-2.486

years
60 years

-6.914

2.486

or above

3.There is statistical difference in the percent of Aflatoxin B 1ng/ml in patients group
at significant level α ≤ 0.05 due to gender.
To test the hypothesis we use Independent Samples T test and the result illustrated in
table (4.16) which show that the p-value equal 0.612which is greater than 0.05 and the
absolute value of T test equal0.512which is less than the critical value which is equal
2.02 , mean that there is no statistically significant differences in the percent of
Aflatoxin B1 in patients group at significant level α ≤ 0.05 due to gender .
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But in not patient group the p-value equal 0.040which is less than 0.05 and the absolute

value of T test equal2.130 which is greater than the critical value which is equal 2.02
, mean that there is a statistically significant differences in the percent of Aflatoxin B 1 in
control group at significant level α ≤ 0.05 due to gender and the difference in favor of
female.

Table (4.16)
Independent Samples Test for differences in the percent of Aflatoxin B1ng/ml in patients

group at significant level α ≤ 0.05 due to gender
Field

Group

Patient
Percent of Aflatoxin B1
(AFB)

control

Gender

N

Mean

Male

33

8.076

Female

7

Male
Female

6.857

33 4.59
7

7.24

Std.
Deviation

T

0.512

0.612

-2.130

0.040

4.167
2.801
3.874

4.There is statistical difference in the percent of Aflatoxin B 1ng/ml in patients group
at significant level α ≤ 0.05 due to smoking.
To test the hypothesis we use Independent Samples T test and the result illustrated in
table (4.17) which show that the p-value equal 0.003 which is less than 0.05 and the
absolute value of T test equal3.189which is greater than the critical value which is
equal 2.02 , mean that there is a statistically significant differences in the percent of
Aflatoxin B1ng/ml in patients group at significant level α ≤ 0.05 due to smoking, and the
difference in favor of not smoking group. But in control group the p-value

equal

0.297which is greater than 0.05 and the absolute value of T test equal1.057which is less
2.02 , mean that there is no statistically
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value

5.967

Critical value of t at df "38" and significance level 0.05 equal 2.02

than the critical value which is equal

P-

significant differences in the percent of Aflatoxin B1 in control group at significant level
α ≤ 0.05 due to smoking.

Table (4.17)
Independent Samples Test for differences in the percent of Aflatoxin B1ng/ml in patients

group at significant level α ≤ 0.05 due to smoking
Field

Group

Smoking

Patient
Percent of Aflatoxin B1ng/ml
(AFB)

N

Mean

Yes

13

4.754

No

27

Yes

13

Std.

T

Deviation

27

4.30

5.41

2.351

-1.057

3.423

Critical value of t at df "38" and significance level 0.05 equal 2.02

5.There is statistical difference in the percent of Aflatoxin B 1ng/ml in patients group
at significant level α ≤ 0.05 due to taking analgesic.
To test the hypothesis we use Independent Samples T test and the result illustrated in
table (4.18) which show that the p-value equal 0.279 which is greater than 0.05 and the
absolute value of T test equal1.098which is less than the critical value which is equal
2.02 , mean that there is no statistically significant differences in the percent of
Aflatoxin B1ng/ml in patients group at significant level α ≤ 0.05 due to analgesic
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0.003

6.052

control
No

value

3.080
-3.189

9.359

P-

0.297

Table (4.18)
Independent Samples Test for differences in the percent of Aflatoxin B1ng/ml in patients

group at significant level α ≤ 0.05 due to analgesic
analgesic

Field

N

Mean

6.78

Percent of Aflatoxin B1 ng/ml

Yes

18

(AFB)

No

22

Std.

T

Deviation

value

4.522
-1.098

8.75

P-

0.279

6.422

Critical value of t at df "38" and significance level 0.05 equal 2.02

6.There is statistical difference in the percent of Aflatoxin B 1ng/ml in patients group
at significant level α ≤ 0.05 due to taking legumes.
To test the hypothesis we use Independent Samples T test and the result illustrated in
table (4.19) which show that the p-value equal 0.056which is greater than 0.05 and the
absolute value of T test equal1.974which is less than the critical value which is equal
2.02 , mean that there is no statistically significant differences in the percent of
Aflatoxin B1 in patients group at significant level α ≤ 0.05 due to legumes

Table (4.19)
Independent Samples Test for differences in the percent of Aflatoxin B1ng/ml in patients

group at significant level α ≤ 0.05 due to legumes
legumes

N

Mean

Percent of Aflatoxin B1ng/ml

Yes

33

8.65

(AFB)

No

7

Field

Std.
Deviation

T

Critical value of t at df "38" and significance level 0.05 equal 2.02
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value

5.686
1.974

4.16

P-

4.107

0.056

7.There is statistical difference in the percent of Aflatoxin B 1 in patients group at
significant level α ≤ 0.05 due to taking nuts.
To test the hypothesis we use Independent Samples T test and the result illustrated in
table (4.20) which show that the p-value equal 0.153 which is greater than 0.05 and the
absolute value of T test equal1.457which is less than the critical value which is equal
2.02 , mean that there is no statistically significant differences in the percent of
Aflatoxin B1ng/mlin patients group at significant level α ≤ 0.05 due to nuts

Table (4.20)
Independent Samples Test for differences in the percent of Aflatoxin B1ng/ml in patients

group at significant level α ≤ 0.05 due to nuts
Field

nuts

N

Mean

8.66

Percent of Aflatoxin B1ng/ml

Yes

29

(AFB)

No

11

Std.
Deviation

T

value

6.106
1.457

5.77

P-

0.153

3.768

Critical value of t at df "38" and significance level 0.05 equal 2.02

8.There is statistical difference in the percent of Aflatoxin B 1ng/ml in patients group
at significant level α ≤ 0.05 due to taking milk.
To test the hypothesis we use Independent Samples T test and the result illustrated in
table (4.21) which show that the p-value equal 0.555 which is greater than 0.05 and the
absolute value of T test equal0.596which is less than the critical value which is equal
2.02 , mean that there is no statistically significant differences in the percent of
Aflatoxin B1 in patients group at significant level α ≤ 0.05 due to milk
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Table (4.21)
Independent Samples Test for differences in the percent of Aflatoxin B1ng/ml in patients

group at significant level α ≤ 0.05 due to milk
milk

Field

N

Mean

8.17

Percent of Aflatoxin B1

Yes

30

(AFB)

No

10

Std.
Deviation

P-

T

value

5.511
0.596

6.93

0.555

6.322

Critical value of t at df "38" and significance level 0.05 equal 2.02

9.There is statistical difference in the percent of Aflatoxin B1ng/ml in patients group
at significant level α ≤ 0.05 due to HBV Duration.
To test the hypothesis we use one way ANOVA and the result illustrated in table(4.22)
which show that the p-value equal 0.869 which is greater than 0.05 , and the value of
Fstat =0.141which is less than Fcritical =3.25,

that’s

means there is no statistically

significant differences at the level of α ≤ 0.05 the percent of Aflatoxin B 1 in patients
group at significant level α ≤ 0.05 due to HBV Duration.

Table (4.22)
One way ANOVA test for differences in the percent of Aflatoxin B1 ng/ml in patients group at
significant level α ≤ 0.05 due to HBV Duration
Field

Source

Squares
9.439

df

Mean

F

Sig.(P-

Square

value

Value)

0.141

0.869

2

4.719

Within Groups

1242.675 37

33.586

Total

1252.114 39

Between Groups

Percent of AFB1 ng/ml

Sum of

The Critical value of F at df "2,37 " and significance level 0.05 equal 3.25
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Chapter 5
Discussion

1.A cohort of 1 8,244 mostly middle-aged (45-64 years) men residing in four small
geographically defined areas of Shanghai was accrued between January 1 986 and
September 1 989. In addition to an in-person interview regarding dietary and other past
exposures, each subject donated a single void urine sample at recruitment so that the
presence of aflatoxins in urine could be assessed. In addition, a 1 -year survey of market
foods in Shanghai was conducted to quantitatively estimate the extent of aflatoxin
exposure in the study population. After close to 70,000 person-years of follow-up, 55
incident cases of hepatocellular carcinoma (HCC) had been identified. Levels of urinary
aflatoxin B, and the oxidative metabolites, including the major aflatoxin nucleic acid
adduct, aflatoxin-N7-guanine, were determined for 50 of the 55 identified cases of HCC.

Two hundred sixty-seven controls were chosen randomly from the cohort; they were
matched to the 50 cases by age (within 1 year), time of specimen collection (within 1
month), and residence. After integrating the high-pressure liquid chromatography
chromatograms to measure aflatoxin-N7-guanine, aflatoxin M1, aflatoxin P, and aflatoxin
B1, 49, 67, 53, and 71 of the urine samples had detectable levels of these compounds,
respectively. The aflatoxin metabolite detected at the highest concentration was aflatoxin
P; the range was 0.59-1 6.0 ng/mI. The range of aflatoxin M, in the urine was 0.1 7-5.2
ng/mL. The aflatoxin-N7-guanine adduct range was 0.3-1 .81 ng/ml in the 49 positive
samples. A nested case-control analysis showed highly significant associations between
the presence of urinary aflatoxins, serum hepatitis B surface antigen positivity, and HCC
risk. Risk was especially elevated in individuals who were positive for both of these
biomarkers (relative risk = 59.4; 95% confidence limit, 16.6, 212.0 after adjustment for
cigarette smoking, a potential confounder). On the other hand, a cohort analysis using all
55 cases of HCC revealed no strong or statistically significant association between HCC
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risk and dietary aflatoxin consumption as determined from the in-person food frequency
interview combined with the survey of market foods in the study region. The study
results underlined the importance of biomarker measurements in assessing the aflatoxinHCC association in epidemiological studies (Geng et al., 1994).

2. A study was performed to establish whether aflatoxin exposure may affect the risk of
developing hepatocellular carcinoma in chronic hepatitis B virus carriers. Urinary AF
metabolites were measured for 43 HCC cases and 86 matched controls nested in a cohort
of 7342 men in Taiwan. Thirty hepatocellular carcinoma cases and 63 controls were also
tested for AFB1-albumin adducts. The results showed that there was a dose-response
relationship between urinary AFM1 levels and risk of hepatocellular carcinoma in
chronic hepatitis B virus carriers. Comparing the highest with the lowest tertile of urinary
AFM1 levels, the multivariate-adjusted odds ratio (OR) was 6.0 (95% confidence interval
(CI)=1.2- 29.0). The hepatocellular carcinoma risk associated with AFB1 exposure was
more striking among the hepatitis B virus carriers with detectable AFB1-N7-guanine
adducts in urine. Compared with chronic hepatitis B virus carriers who were negative for
AFB1-albumin adducts and urinary AFB1-N7-guanine, no elevated risk was observed for
those who were positive for either marker. But an extremely high risk of hepatocellular
carcinoma among those having both markers was found (OR=10.0, 95% CI=1.6-60.9).
The proportion of AFB1 converted to AFM1 decreased with the progress of liver disease,
whereas the formation of AFP1 increased. The difference in patterns of AFB1 metabolite
formation was an independent risk factor for hepatocellular carcinoma after adjustment
for total AFB, excretion. There was a synergistic interaction between glutathione Stransferase Ml genotype and AFB1 exposure in hepatocellular carcinoma risk. The
authors concluded that AFB1 intake and expression of enzymes involved in AFBt
activation/detoxification may play an important role in hepatitis B virus-related
hepatocarcinogenesis (Ming et al., 1991).
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3. A study was conducted to investigate the modifying effect of glutathione S-transferase
(GST) M1 and T1 polymorphism on aflatoxin-induced hepatocarcinogenesis among
chronic hepatitis B virus surface antigen (HBsAg) carriers. A total of 79 HBsAg-positive
cases for hepatocellular carcinomas (HCC) diagnosed between 1991 and 1997 were
identified and individually matched to one or two HBsAg-positive controls on age,
gender, residence and date of recruitment from the same cancer screening cohort in
Taiwan. Blood samples were tested for hepatitis B and C viral markers by enzyme
immunoassay and for aflatoxin B1 (AFB1)-albumin adducts by competitive enzymelinked immunosorbent assay. GSTM1 and GSTT1 genotypes were determined by PCR.
Results showed that there was a statistically significant relationship between detectable
levels of AFB1-albumin adducts in serum and risk of HCC among chronic HBsAg
carriers, with an adjusted odds ratio (OR) of 2.0 [95%confidence interval (CI) 1.1-3.7]. In
addition, the effect of aflatoxin exposure on HCC risk was more pronounced among
chronic HBsAg carriers with the GSTT1 null genotype (OR 3.7, 95%n CI 1.5-9.3) than
those who were non-null (OR 0.9, 95% CI 0.3-2.4). The interaction between serum
AFB1-albumin adduct level and GSTT1 genotype was statistically significant (P= 0.03).
For GSTM1, the effect of aflatoxin exposure on HCC risk in those with the null genotype
was also greater ( adjusted OR 2.8, 95% CI 1.0-7.8) than those with the gene present
(adjusted OR 1.8, 95% CI 0.8-4.5), but the difference was not significant (p=0.91). In
contrast, when the interaction between aflatoxin exposure and GSTT1 genotype was
considered, aflatoxin exposure by itself was not a significant determinant of HCC risk
among chronic HBsAg carriers. These results demonstrate the importance of geneenvironment interactions in the multifactorial development of HCC (Chien et al., 2001).

4. In order to estimate the potential human health risk of AFB1, it is useful to measure
blood concentration. The presence of aflatoxin B1 in patients was evaluated by highperformance liquid chromatography, in serum samples, obtained from 20 patient
volunteers with hepatic disease. Out of the 20 patients, the presence of AFB1 was
detected in only one of them, in a concentration of 0.47 ng/cm3. Nevertheless, this result
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should draw the attention of control organizations in Argentina to the need for a thorough
food and feed inspection (Clara et al., 2002).

5.To determine the association between polycyclic aromatic hydrocarbon (PAH)
exposure and risk of hepatocellular carcinoma, a case-control study nested within a
community-based cohort was conducted in Taiwan. Baseline blood samples, collected
from a total of 174 HCC cases and 776 matched controls, were used to determine the
level of PAH-albumin adducts by competitive enzyme-linked immunosorbent assay.
Conditional logistic regression analysis was used to calculate odds ratios (OR) and 95%
confidence intervals (CI) to assess the effect of PAH-albumin adducts on risk of HCC.
When compared to subjects in the lowest quantile, there was an increase in risk of HCC,
with adjusted ORs (95% CI) of 1.0 (0.5–2.0), 1.2 (0.6–2.4) and 2.0 (1.0–4.2: Ptrend =
0.08) for subjects in the 2nd, 3rd and 4th quantile, respectively. The corresponding
adjusted ORs (95% CI) were 1.9 (0.6–6.1), 1.7 (0.6–4.9) and 2.1 (0.5–8.2; Ptrend = 0.22),
respectively, among subjects with high AFB1-albumin adducts; and 0.8 (0.3–2.7), 1.5
(0.6–3.5) and 2.9 (1.0–8.6; Ptrend = 0.06), respectively, for those who were chronically
infected with hepatitis B virus (HBV). The combination of PAH- and AFB1-albumin
adducts above the mean and chronic HBV infection resulted in an OR of 8.2 (95% CI,
3.6–19.0; p < 0.0001), compared to those with low adducts and no viral infection. These
results demonstrate that PAH-albumin adducts are associated with an increased risk of
HCC, especially among those with high aflatoxin (Hui et al., 2007).

6. A research was tempted to investigate whether Aflatoxin is an additive factor in
development of HCC through detecting its metabolite Aflatoxin M1 in serum and urine
of HCC and cirrhotics in Egypt. The study comprised 46 Hepatocellular Carcinoma
(HCC) patients with mean age (56.28+8.08), 30 males and 16 females, 12 cirrhotic
patients with mean age (47.83±18.20), 7 males and 5 females and 12 sex and age
matched healthy controls. All were exposed to liver function tests, abdominal
ultrasonography and detection of Aflatoxin metabolite M1 in serum and urine by means
77

of the reverse phase HPLC device. Aflatoxin M1 was detected in sera of HCC group,
cirrhotics and controls (57.8%) (5.61±17.21 ng mL -1), (91.7%) (19.23±20.42 ng mL-1)
and (50%) (0.66±0.84 ng mL-1), respectively and in urine (41.3%) (3.82±8.03 ng mL -1)
(91.7%) (43.22±45.02 ng mL-1) and (50%) (0.98±1.4 ng mL-1), respectively representing
significant increase in the serum of the cirrhotic group (p<0.02) and a high significant
increase in urine of the cirrhotic group (p<0.0001). Among HCC group patients, there is
high significant value of M1 concentration in urine of upper Egypt residents compared to
those of lower Egypt (p<0.002). The mean value of Aflatoxin M1 concentration among
females of the HCC group was significantly higher than that among males (p = 0.006).
There is higher statistical significance of aflatoxin prevalence and concentration in serum
and urine of cirrhotics than HCC patients and controls and in concentration in urine of
HCC patients from upper than lower Egypt (Mokhles et al., 2007).

7. It has been verified the usefulness of alpha-fetoprotein (AFP) as a tumor marker
and analyzed the influence of viral etiology on AFP levels in HCC. Methods: Of a total
of 1012 cases with liver disease, 202 were investigated for the presence of AFP (142
HCC cases, 30 cirrhosis cases, and 30 chronic liver disease (CLD) cases). In addition,
serum samples from 30 healthy patients, 30 hepatitis B surface antigen (HBsAg) carriers,
and 30 acute viral hepatitis cases were included as controls. AFP was quantitatively
determined using a commercial ELISA (Quorum Diagnostics, Canada). Out of the 142
HCC cases screened for AFP, aflatoxin B1 (AFB1) detection was carried out in 38 HCC
cases using an in-house immunoperoxidase test.
Results: In HBV and HCV co-infected HCC cases, the AFP positivity was 85.7%. In
HBV aloneassociated HCC, the positivity was 62.9%, and 54.5% of AFB1 positive HCC
cases showed AFP (Kailapuri et al., 2008).

8. The burden of hepatocellular carcinoma (HCC) has been increasing in Egypt with a
doubling in the incidence rate in the past 10 years. This has been attributed to several
factors. The aim of this study was to evaluate aflatoxin B1 (AFB1) in serum of HCC
78

patients as a risk factor compared to their relatives. AFB1 was determined by a
quantitative thin layer chromatography. Results of this study showed that HCC was
highly correlated to viral hepatitis C (HCV), viral hepatitis B (HBV) and anti-bilharzial
antibodies. However, all patients and their relatives, unexpectedly, showed negative
AFB1 in their blood. It can be concluded that AFB1 is not necessarily present in all cases
of HCC as a predisposing factor and that other factors as viral hepatitis and bilharziasis
are more commonly correlated to HCC (Sohayla et al., 2009).

9.Southern Guangxi area is one of the endemic areas for hepatocellular carcinoma (HCC)
in China. This study evaluates the roles of genetic variations of hepatitis B virus (HBV)
and aflatoxin B1 (AFB1) exposure in the formation of HCC in this high-risk area.
The study recruited 60 HCC patients and 120 age-, gender-, and residency-matched
controls. HBV genotype and basic core promoter (BCP) mutations were determined by
nested-PCR/ direct sequencing. Serum AFB1-lysine adduct was measured by high
performance liquid chromatography-fluorescence detection. HBV genotype C was
predominant in 75.0% of cases and 84.2% of controls. The 1762T/1764A double
mutations, 1753V mutations, and 1752V mutations were associated with HCC risk
evidenced by the adjusted odds ratio (OR) [95% confidence interval (95% CI)] of 3.89
(1.40 10.77), 2.87 (1.49–5.49), and 5.96 (1.75–20.25), respectively. The adjusted OR
(95% CI) was 6.94 (1.68–27.78) for subjects with 1762T/1764A double mutations and
high AFB1-lysine adduct level; 2.01 (0.24–14.29), for those with only 1762T/1764A
double mutations; and 4.26 (1.16–15.38) for those with only high AFB1-lysine adduct
level, respectively. The adjusted OR was 5.13 (1.79–14.71) for subjects with 1753V
mutations and high AFB1-lysine adduct level; 1.20 (0.47– 3.08) for those with only
1753V mutations, and 2.28 (1.01– 5.31) for those with high AFB1-lysine adduct level,
respectively. These data confirmed the association of BCP mutations with HCC risk and
the additive effects of 1762T/1764A double mutations and 1753V mutations with dietary
AFB1 exposure in this high-risk area for HCC (Li et al., 2010).
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10.

Aflatoxins

are

food

contaminants

usually

associated

with

hepatitis,

immunodepression, impairment of fertility and cancer. The present work was to
determine the presence of aflatoxins in eggs, milk, urine, and blood samples that were
collected from various sources and periods; and hepatitis B virus antigen in blood
samples. Aflatoxin was found in eggs (45.2%), cow raw milk (15.9%), breast milk
(4.8%), urine from kwashiorkor and marasmic kwashiorkor children (45.5%), and sera
from primary liver cancer patients (63.9%); HbsAg was also detected in 69.4% of the
serum samples, but there was no association between both factors. Both AF and hepatitis
B virus seem to be risk factors that could increase the incidence and prevalence rates of
malnutrition and cancer in Cameroon (Angele et al., 2010).

11. The present study was designed to determine whether aflatoxin B1 (AFB1) exposure
has any role to play in hepatocellular carcinoma (HCC) patients from northern India. A
total of 266 HCC patients and 251 patients of chronic liver disease without-HCC were
enrolled into the study. All samples were screened for serological markers for hepatitis B
and C infections and levels of AFB1 in food and urine samples. A threefold (OR=3.43)
and five-fold (OR=5.47) increased risk of HCC was observed amongst HBV infection
and AFB1-levels in food and urine samples, respectively. However, a non-significant risk
was observed with respect to HCV infection (OR=1.27) and alcohol consumption
(OR=1.18). A threefold (OR=3.15) increased risk of HCC was observed amongst cases of
non-viral etiology with respect to urinary AFB1. The data provides an exposure and
disease risk information for establishing intervention studies to diminish the impact of
aflatoxin exposure in Indian population (Mohammad et al., 2011).

12. In order to clarify the role of AFB1 in hepatocarcinogenesis, it has been examined
AFB1-DNA

in

liver

tissue

and

sequenced TP53 in

Japanese

patients

with

HCC. Hepatocyte AFB1-DNA adducts were determined immunohistochemically and
direct sequencing of TP53 was done to determine mutations in 188 of 279 patients who
underwent hepatic resection for HCC. We assessed hepatitis C virus antibodies (HCV
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Ab) and HBSAg expression; patients without either were defined as having non-B non-C
hepatocellular carcinoma (NBNC HCC). AFB1-DNA adducts were detected in
hepatocyte nuclei in 18/279 patients (6%), including13/83 patients (16%) with NBNC
HCC and 5/51 patients (10%) expressing hepatitis B surface antigen. None of the patients
with HCV Ab (n=136) were positive for AFB1-DNA. The incidence of the G–T
transversion and mutations in exon 7 of TP53 in patients with AFB1-DNA adducts were
significantly higher in patients with than in patients without AFB1-DNA adducts. All
three patients with the codon 249 AGG–AGT mutation had AFB1-DNA adducts.
Although exposure to AFB1 is thought to be low in Japan, it is still associated with
hepatocarcinogenesis, particularly in NBNC HCC and hepatitis B individuals (Shirabe et
al., 2011).

13. Exposure to aﬂatoxins (AFs) in the diet may favour the development of hepatocellular
carcinoma (HCC) and the acute exacerbation of hepatitis in chronic hepatitis B virus
(HBV) carriers. Measurement of biomarkers such as aﬂatoxin M1 (AFM1), a metabolite
of

aﬂatoxin

B1

(AFB1),

in

urine

allows

for

the

assessment of populations exposed to aﬂatoxins. The aim of this study was to investigate
the occurrence of aﬂatoxin M 1 in the urine of HBV carrier and non-carrier patients. One
group included 43 randomly selected HBV carriers treated at two hospitals in the city of
Maringa, Brazil, from March to June 2008. Control group consisted of 29 healthy adult
volunteers with anti-HBs positive and HBsAg negative test results. Detection of AFM 1
was performed by ﬂuorescence using high performance liquid chromatography (HPLC)
and post-column derivation with the Kobra Cell®. Of the 72 samples analysed, 05/29
(17.2%) AFM 1 positive samples were from HBV non-carriers, and 16/43 (37.2%) of
samples were from chronic HBV carriers. This study showed AFM1 in the urine of the
two surveyed population. However, there is evidence that the chronic HBV carriers have
a higher risk of developing HCC due to additive interaction between AFs and HBV
(Marcel et al., 2012).
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14. To determine the serum concentrations of aflatoxin B1 (AFB1), aflatoxin B2 (AFB2),
aflatoxin G1 (AFG1) and aflatoxin G2 (AFG2) in the healthy adult population living in
both the Black Sea and Mediterranean regions of Turkey and to investigate the regional,
seasonal and gender variability in aflatoxins (AF) exposure in these regions. Serum
AFB1, AFB2, AFG1 and AFG2 concentrations were analysed by HPLC. Settings In total,
four hundred and eighty-four serum samples were analysed. Four hundred and eightyfour healthy adult volunteers living in rural areas of the Black Sea and Mediterranean
regions of Turkey were studied.
The mean serum concentration of total AF in the Black Sea region was 1·33 ppb (minmax 0·15-3·38 ppb) and 0·90 ppb (min-max 0·18-2·48 ppb) for summer and winter,
respectively. In the Mediterranean region, the mean serum concentration of total AF was
determined as 0·55 ppb (range 0·04-1·72 ppb) for summer and 0·45 ppb (range 0·121·43 ppb) for winter. The total AF concentrations in serum samples were statistically
higher in summer compared with winter for the two regions. The differences between the
regions were statistically significant concerning all samples, with higher total AF
concentrations in the Black Sea region.
The overall results suggest that the Turkish population living in these two regions is
continuously exposed to AF, particularly in the summer, and that mycotoxin
contamination in food should be monitored routinely for food safety and human health
(Aydin et al., 2014).

15. Chronic hepatitis B virus (HBV) infection and dietary exposure to aﬂatoxin B1
(AFB1) are major risk factors for hepatocellular carcinoma (HCC). The aim of this study
was to evaluate the role of HBV genetic variation and the R249S mutation of the p53
gene, a marker of AFB1-induced HCC, in Thai patients chronically infected with HBV.
Sixty-five patients with and 89 patients without HCC were included. Viral mutations and
R249S mutation were characterized by direct sequencing and restriction fragment length
polymorphism (RFLP) in serum samples, respectively. The prevalence of T1753C/A/G
and A1762T/G1764A mutations in the basal core promotor (BCP) region were
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signifcantly higher in the HCC group compared to the non-HCC group. R249S mutation
was detected in 6.2% and 3.4% of the HCC and non-HCC groups, respectively, which
was not significantly different. By multiple logistic regression analysis, the presence of
A1762T/G1764A mutations was independently associated with the risk of HCC in
Thailand patients (Chureeporn et al., 2012).

16. Aflatoxin B1 is a carcinogen produced by Aspergillus flavus and a few related fungi
that are often present in many food substances. It interacts synergistically with Hepatitis
B or C virus (HBV, HBC) infection, thereby increasing the risk of hepatocellular
carcinoma (HCC). The G to T transversion at the third position of codon 249 (AGG) of
the TP53 gene, substituting arginine to serine, is the most common aflatoxininduced
mutation linked to HCC. This study examined mutations in TP53 by PCR-RFLP analysis
and by measurement of an aflatoxin-albumin adduct as a biomarker for human exposure
of aflatoxin B1 by indirect-competitive ELISA, in samples collected from healthy
controls

as

well

as

patients

with

hepatitis

in Hyderabad, Andhra Pradesh, India. A total of 238 blood samples were analyzed the
presence of the G to T mutation. Eighteen of these samples were from HBV-positive
subjects, 112 of these were from subjects who had HBV-induced liver cirrhosis, and 108
samples were taken from subjects without HBV infection or liver cirrhosis (control
group). The G to T mutation was detected in 10 samples, 8 of which were from subjects
positive to both HBV and aflatoxin-albumin adduct in blood (p = 0.07); whilst two were
from individuals who were HBV-negative, but positive for the aflatoxin-albumin adduct
(p = 0.14). The aflatoxin-albumin adduct was detected in 37 of 238 samples, 29 samples
were from HBV-positive subjects and eight were from individuals who were positive for
both HBV and the TP53 mutation (p = 0.07). The concentration of aflatoxin-albumin
adduct ranged from 2.5 to 667 pg/mg albumin. Despite low incidence of the G to T
mutation, its detection in subjects positive to aflatoxin-adducts is indicative of a strong
association between the mutation and aflatoxin exposure in India (Anitha et al., 2014).
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17. Aflatoxins, the secondary metabolites produced by species of naturally occurring
Aspergilli, are commonly found in food such as cereals, dried fruits and juice, wine,
beer and spices. They are hepatotoxic and are well known human carcinogens based on
evidence from human studies. Aflatoxins are an environmental risk factor for the
development of hepatocellular carcinoma (HCC). Chronic hepatitis B-infected patients
are at increased risk of cirrhosis, hepatic failure and liver cancer. This study was designed
to determine the serum aflatoxin B1 (AFB1), aflatoxin B2 (AFB2), aflatoxin G1 (AFG1)
and aflatoxin G2 (AFG2) concentrations using high-pressure liquid chromatography
(HPLC) in hepatitis B-infected patients with or without cirrhosis and liver cancer,
alongside healthy controls in Balıkesir, Turkey. The mean AFB1 and total AF levels in
patients without liver cancer and cirrhosis were significantly higher than healthy controls.
The

mean

AFB1

and total AF levels in patients with chronic hepatitis B and HCC were significantly
higher than infected patients with or without cirrhosis. These results suggest that patients
with chronic hepatitis B who are exposed to AFs are at increased risk for developing
HCC, which might be prevented by reducing consumption of contaminated foods (Aydın
et al., 2015).

18. Hepatitis B (HB) infection is common in Mali. However, there is little information on
molecular and biochemical characteristics of HB carriers. A group of 1466 adult
volunteers was recruited in the district of Bamako. Confirmed HB carriers were tested for
HB viral load by quantitative PCR and HBV was genotyped by sequencing of HBS.
Fibrosis and hepatitis activity was measured using the Fibrotest-Actitest. A mutation of
TP53 at codon 249 (R249S), specific for exposure to aflatoxin, was detected in cell-free
DNA extracted from plasma. Overall, 276 subjects were HBsAg-positive (18.8%).
Among 152 subjects tested for HBV load, 49 (32.2%) had over 104 copies/mL and 16
(10.5%) had levels below the limit of detection. The E genotype was found in 91.1% of
carriers. Fibrotest scores ≥ F2 were observed in 52 subjects (35.4%). Actitest scores ≥ A2
were detected in 15 subjects (10.2%) and were correlated with Fibrotest scores (p =
0.0006). Among 105 subjects tested, 60% had detectable levels of R249S copies (>40
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copies/mL plasma). Chronic HB carriage in adults in Bamako district is well over
epidemic threshold. About 1/3 of carriers have moderate to severe liver fibrosis and 60%
have detectable aflatoxin-related TP53 R249S mutation. These results support
introduction of anti-HB therapies to reduce the progression towards severe liver disease
(Fatou et al., 2015).
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Chapter 6
CONCLUSION
Aflatoxins, the secondary metabolites produced by species of naturally occurring
Aspergilli, are commonly found in food such as cereals, dried fruits juice, and spices.
They are hepatotoxic and are well known human carcinogens based on evidence from
human studies. Aflatoxins are an environmental risk factor for the development of
hepatocellular carcinoma (HCC). Chronic hepatitis B patients are at increased risk of
cirrhosis, hepatic failure and liver cancer.
This study was designed to determine the serum aflatoxin B1 (AFB1) levels in chronic
hepatitis B patients with or without cirrhosis and liver cancer, as well as in their matched
control subjects, in Gaza-Strip.
This is a case-control study where AFB1 levels in 40 blood samples of chronic hepatitis
B patients and 40 blood samples of healthy subjects (control group) were determined
using ELISA technique.
The mean AFB1 levels in chronic hepatitis B patients without liver cancer and cirrhosis
were significantly higher than healthy controls.
These results suggest that patients with chronic hepatitis B who are exposed to AFB1 are
at increased risk for developing HCC, which might be prevented by reducing
consumption of AFB1-contaminated foods.
Results from this study demonstrated significant levels of aflatoxin in chronic hepatitis B
patients as compared to healthy control subjects.
One objectives of study was to examine the presence of aflatoxin B1 in patients with
HCC, but we were not able to find these cases in Gaza Strip because these cases are
detected in its late stages and upon arrival either the case is dead or referred for treatment
outside country
Also cases of cirrhosis we could not find because they were not recorded and documented
in the records of the Ministry of Health.
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However, the presence of aflatoxin B1 in the blood of patients with chronic hepatitis B
remains an important risk factor to consider in order to try to reduce the incidence of
HCC.
Also, according to the study, the presence of aflatoxin B1 in the blood of healthy control
subjects is also an important risk factor to be considered, because it is evidence of the
spread of aflatoxin B1 in the Gaza Strip and Is a public health hazard.
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Recommendations:
-The elevated levels of AFB1 seen in the chronic hepatitis B patients compared to healthy
control subjects is an issue of concern. Large sample size is needed to demonstrate the
relationship

between

aflatoxin

B1

and

hepatitis

B.

-The present study employed subjects without liver diseases which showed a
significant exposure to aflatoxin in chronic hepatitis B subjects. Therefore, aflatoxin
exposure in people with liver diseases warrants further studies especially in an aflatoxin
endemic area.
This is done through a study that examines the levels of aflatoxin B1 in areas expected to
spread aflatoxin B1 where more than others in the Gaza Strip, such as agricultural areas
and stores of agricultural crops and determine their levels.
Also, aflatoxin levels in hepatitis B and hepatocellular carcinoma patients in agricultural
areas compared to those of hepatitis B and hepatocellular carcinoma in other areas of the
Gaza Strip. Do these patients in the agricultural areas have higher rates or not?
-The observations of aflatoxin exposure emphasize the need for aflatoxin exposure
intervention strategies in high-risk countries; possibly targeted at postharvest stage.
Therefore, there is a critical need to educate people on the dangers of aflatoxin exposure
to humans and to develop an economically feasible strategy to eliminate exposure to
aflatoxin.
Ministry of Agriculture must take the maximum degree of follow-up to agricultural areas
and crops and livestock and follow-up and work permanent checks to make sure there is
no aflatoxin B1, and educating farmers on the best methods of planting to ensure that
crops are not contaminated with aflatoxin B1
Also educate traders owners of agricultural crops stores the best methods of proper
storage to ensure that aflatoxin B1.
- The Ministry of Health should carry out aflatoxin B1 tests in patients at high risk of
liver cancer, make full awareness to reduce their high incidence and work to reduce
exposure to it.
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- Competent authorities should make a full awareness of the citizen about the risk of
aflatoxin B1,and inform them ways to get rid of it and reduce exposure to it and educate
them correct storage methods for vegetables, fruits and foods indoors to prevent the
formation of aflatoxin B.
-prevent toxin production in feed, as well as creating effective detoxification processes.
- Establish strict laws for farmers and store owners in the case of aflatoxin B1.

Limitations of the study:
- Funding and time constraints limited the selection of other chronic hepatitis B patients
and control subjects. Also, we couldn't find any case of chronic hepatitis B patients with
cirrhosis or patients with hepatocellular carcinoma to further extending our targets for the
determination of AFB1 in this cases which could give more strength to our results.
- The cost of ELISA kit is high in addition to the cost of materials for analysis in the
laboratory, and lack of availability within the Gaza Strip and the cost of delivery to the
Gaza Strip from America.
- Israeli occupation prevented ELISA kit from entering the Gaza Strip and detained them
for a period that was a challenge for us and led to delay in starting study and working on
it.
- Lack of full archiving of hepatitis B, liver cancer and cirrhosis data in hospital and
Ministry of Health records has made it difficult to reach patients and delayed starting of
study.
- Some hepatitis B patients who were contacted refused to enter the study and refused to
cooperate with us.
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 .1اإلسم :
 .2العنوان :
 .3رقم الجوال :
 .4الجنس :
 .5العمر :
 .6المرض :
 .7تاريخ اكتشاف المرض :
 .8هل يوجد تليف بالكبد ؟
 .9هل أنت مدخن ؟
 .10إذا كانت اإلجابة نعم  .ما هو عدد السجائر التي تدخنها يوميا ً ؟
 .11هل قمت بالتوقف عن التدخين ؟
 . 12إذا كانت اإلجابة نعم .منذ متى توقفت عن التدخين ؟
 .13هل يوجد لديك أمراض مزمنة ؟
إذا كانت اإلجابة نعم  .أذكرها .
 .14ما هي األدوية التي تتناولها ؟
 .15هل تتناول المسكنات ؟
 .16هل تأكل البقوليات ؟
 .17هل تأكل المكسرات ؟
 .18هل تتناول منتجات األلبان ؟
 . 19ما هو المستشفى الذى تتابع به بشكل دائم ؟
 .20ما هي تواريخ أيام المتابعة ؟
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1.

Name :

2.

Address:

3.

Mobile number:

4.

Gender:

5.

Age:

6.

Disease:

7.

Date of discovery of the disease

8.

Is there liver cirrhosis ?

9.

Are you smoking ?

10.

If yes , How many cigarettes do you smoke daily ?

11.

Did you stop smoking ?

12.

Since when did you stop smoking ?

13.

Do you have chronic diseases ?
a. If yes , mention it :

14.

What medicines do you administered ?

15.

Are you taking analgesic ?

16.

Are you eating legumes ?

17.

Are you eating nuts ?

18.

Are you eating milk products ?

19.

Hospital of follow-up :

20.

Date of follow-up days :
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