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Abstract
Aflatoxins are a group of mycotoxins produced by Aspergillus flavus and Aspergillus parasiticus . They
are potent inducers of hepatotoxicity. Those toxic compounds are ubiquitously found in food
commodities such as nuts, cereals, spices and milks and dairy products. Aflatoxin B1 (AFB1) has been
classified by the International Agency for Research on Cancer (IARC) as Group 1 carcinogen. Once
AFB1 is ingested by humans, it is metabolized by liver enzymes into many metabolites. The study aimed
to estimate the hepatotoxicity of AFB1 in workers occupationally exposed to wheat flour dust. Statistical
analysis of the results revealed that Aspartate aminotransferase (AST), Alanine aminotransferase (ALT),
γ-glutamyl transpeptidase (GGT), Alkaline phosphates (ALP) levels in the exposed workers were
significantly higher compared to their controls. In the exposed workers, there were significant correlations
between AFB1/Alb and the duration of exposure, and between the levels of AST and ALT and the level
of AFB1/Alb. The present study that the serum AFB1/Alb was significantly correlated with the duration
of exposure in workers exposed to wheat flour dust, and such elevation in AFB1/Alb levels have
hepatotoxic effects in the exposed workers.
Keywords; Aflatoxin; Aspartate aminotransferase; Alanine aminotransferase; γ-glutamyl transpeptidase;
Alkaline phosphates.

Introduction
Mycotoxins produced by fungi are commonly found in a wide range of food
commodities. Aflatoxins (AFs) are produced by Aspergillus species of fungi; mainly
Aspergillus flavus, Aspergillus paraciticus and Aspergillus nominus (Reddy et al.,
2011). Several studies were carried out to evaluate the level of AFs in food products in
different governorates in Egypt. From Qaluobia and Kafr El-Sheikh Governorates, 100
samples of imported and local wheat grains were collected and examined for the natural
occurrence of AFs during 2000–2001. Results indicated that both local and imported
samples were positive for AFB1 (17.5% and 20% respectively), and the concentration
ranged from 3 to 25 μg/kg. The level of AFs was dependant on the area of collection as
well as the season of the year (Amra et al., 2007).
AFB1 is first metabolized (Phase 1) by the Cytochrome P450 enzyme (CYP450) system
found in the microsomes, producing a variety of intermediary metabolites such as AFB1
epoxide and other hydroxylated metabolites like aflatoxin M1 (AFM1), aflatoxin P1
(AFP1), aflatoxin Q1 (AFQ1) and aflatoxicol. AFB1 epoxide is highly reactive and
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relatively unstable with inbuilt capacity to bind to cellular macromolecules like DNA,
RNA, lipids and proteins, initiating the vicious cycle of lipid peroxidation and
culminating in cellular injury (Stresser et al., 1994). AFs are responsible for a wide
range of pathological abnormalities in humans and animals. Aflatoxin-albumin adduct
(AFB1/Alb); a biomarker for aflatoxin exposure, was found to be higher in the serum of
individuals at risk for hepatocellular carcinoma, thus, indicating its importance in
human health and diseases (Sun et al., 2002). The present study was carried out to
evaluate the hepatotoxic effects of aflatoxins in workers exposed to wheat flour dust.
Subjects and methods
Subjects
Eighty five flour milling workers and 64 apparent healthy males not occupationally
exposed to wheat flour dust were included in the present study, after exclusion of the
workers with positive viral hepatitis (HBV or HCV). The two groups were matched for
age, residential area and socioeconomic status of the workers.
Blood Samples
Random Venous blood samples (5 ml) were collected from all study subjects by sterile
disposable syringes. Blood samples were left to clot for 30 minute at 37°C and then
centrifuged at 3,000 rpm for 10 minutes to isolate the sera.
AFP B1 was firstly extracted using EASI-EXTRACT® Aflatoxin immune affinity
column (Scotland). AFB1 concentrations of the samples were analysed by microtitre
plate Enzyme linked immunosorbent assay (ELISA) method using RIDASCREEN®
(Germany) (R-Biopharm GmbH, 2004). Serum albumin was measured in all serum
samples using the Human kits for kinetic determination of Albumin and the AUTOLAB
selective access batch auto-analyzer (from Boehringer Mannheim Lab Diagnostics).
Serum aminotransferases (ALT and AST) were estimated by the method of Provisional
Recommendations on IFCC methods for the measurement of catalytic concentrations of
enzymes (Bergmeyer et al., 1977). Serum Gamma glutamyl transferase (GGT) was
measured using the method of Szasz in (1969) and serum alkaline phosphate (ALP) was
measured by method of Belfield and Goldberg (1971).
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Results
There was no significant difference in the age between the workers and their controls
(44.5±7.7 and 42±7.5 years respectively). There was also no significant difference in the
smoking habits and smoking index between the workers and the controls (6.3±1.1 and
4.2±1.6 package/ year respectively). The duration of exposure of the workers were in
the range 7-50 years; with average 25.8±8.8 years. Table (1) shows that the serum levels
of AFB1/Alb, and the liver enzymes (ALP, ALT, AST, and GGT) were significantly
higher in the workers compared to the control group.
Table (1): Comparisons of AFB1/Alb and the liver enzymes between the exposed
workers and the controls
Workers

Controls

(85)

(64)

Independent t-test

Mean

SD

Mean

SD

t-test

P-value

AFB1/ Alb
(ng/g)

0.06

0.03

0.04

0.02

5.403

P< 0.0001

ALP (IU/L)

96.1

7.34

71.8

21.58

2.929

P< 0.01

ALT (U/L)

37.5

10.66

5.3

1.83

31.386

P< 0.0001

AST (U/L)

26.5

8.70

3.2

1.05

23.159

P< 0.0001

GGT (U/L)

22.3

1.78

6.0

3.67

4.113

P< 0.0001

In the exposed workers, the AFB1/Alb was significantly correlated with the duration of
exposure (r= 0.3, P< 0.05). The AST and ALT were significantly correlated with the
serum levels of AFB1/Alb (Table 2). But, there was no significant correlation between
ALP and GGT levels and the AFB1/Alb levels. Table (2) also showed that AST was
significantly correlated with the duration of exposure, but, there was no significant
relationship between the other liver enzymes and the duration of exposure.
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Table (2): Relationships between the liver enzymes and the serum levels of
AFB1/Alb and the duration of exposure
AFB1/Alb

Duration of exposure

(ng/g)

(years)

r=
AFB1/Alb

P-value
-

(ng/g)
ALP
(IU/L)

0.04

NS

ALT
(U/L)

0.3

P< 0.05

AST
(U/L)

0.5

P< 0.01

GGT
(U/L)

0.1

NS

r=

P-value

0.5

P< 0.01

0.2

NS

0.3

NS

0.4

P< 0.05

0.01

NS

Discussion
In occupational settings the preferential route of exposure to AFs is through inhalation
(Viegas et al., 2012). AFs are possibly carried to the workers’ breathing zone by dust,
and therefore, dust exposure promotes exposure to AFs. Brera and his colleagues
(2002) found AFs in airborne dust samples from different occupational settings.
Workers with occupational exposure airborne grain dust, are at risk of ingesting,
transmucosally absorbing, and inhaling AFB1 released during product preparation or
processing (Wang et al., 2008; Traverso et al., 2010; Yang et al., 2013).
The results in the present study revealed that the serum levels of AFB1/Alb was
significantly higher in the workers compared to the control group. In previous study,
occupational chronic exposure to the high concentrations of Aspergillus flavus in the
workplaces caused significant elevation in the levels of serum AFB1/Alb, and these
elevations were significantly increased with the increase in the environmental exposures
to Aspergillus flavus (Saad-Hussein, 2010-2013). Several studies proved that poorly
ventilated workplaces with high concentrations of airborne aflatoxin producing strains
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of Aspergillus flavus resulted in elevation in the blood levels of AFB1 in the exposed
workers (Oluwafemi et al., 2012).
Alanine aminotransferase (ALT) and aspartate aminotransferase (AST), are commonly
measured clinically as a marker for the liver health (Hou et al., 2013). Where
alterations in serum levels of ALT and AST are liver specific and have been considered
as a tool for studying varying cell viability and changes in cell membrane permeability
(El-Sayed and Khalil, 2009). In addition, GGT is a prime marker of bile duct epithelial
proliferation that is typical of aflatoxicosis (Kramer, 1989). Adedara et al. (2010)
found that an increase in hepatic ALP activity was well supported by the parallel
increase in GGT activity following exposure to AFB1.
The present study revealed that there was significant elevation in the liver enzymes
(ALT, AST, ALP and GGT) of examined workers compared to their controls. In
agreement with the present results, the activities of ALT and AST were significantly
higher in aflatoxin-treated animals compared to the control animals (Yassein and
Zghair, 2012). In contrast to our study, Fu et al. (2013) found that, there were no
significant effects of AFB1 on the liver enzymes ALT, AST, ALP and GGT, and they
attributed that to the short duration of exposure (42 days). They attributed these results
to the short duration of exposure that may not have been great enough to elicit
substantial changes in these indices.
In the present study, there was significant correlations between AFB1/Alb serum levels
and the liver enzymes (ALT and AST) of the exposed workers, and between their
duration of exposure to wheat flour dust and the AFB1/Alb and AST levels. The
significant elevation in these liver enzymes could be attributed to the long duration of
occupational exposure to wheat flour dust that lead to significant elevation in serum
AFB1/Alb levels. This was also confirmed by the previous study, that detected
significant elevation in the liver enzymes (ALT, AST, ALP and GGT) in wheat milling
workers with high levels of serum AFB1/alb and high oxidative stress biomarker
(MDA) compared to the controls (Saad-Hussein et al., 2014).
The present study concluded that the serum AFB1/Alb was significantly correlated with
the duration of exposure in workers exposed to wheat flour dust, and such elevation in
AFB1/Alb levels have hepatotoxic effects in the exposed workers.
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