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INTRODUCTION
Fungal infestation is a leading cause of stored grain losses across 

the world. Fungi of stored food grains have been associated with 
production of mycotoxins, which poses a serious health hazard to 
human and animal population. Toxigenic fungi have been isolated 
from various food grains stored in warehouses across the diff erent 
agroclimatic zones of the country. Among all the mycotoxins 
detected in stored grains, afl atoxin is the most common form, mainly 
produced by Aspergillus fl avus. Out of four afl atoxin chemotypes 
(B1, B2, G1 and G2), AFB1 is most toxigenic [1] and classifi ed as a 
class 1 human carcinogen by the International Agency for Research 
on Cancer. More than 55 billion people worldwide suff er from 
uncontrolled exposure to afl atoxins, which accounts for 4.6–28.2% 
of all global hepatocellular carcinoma [2]. Exposure of afl atoxins to 
an organism produces a cascade of events in more than one organ. 
Afl atoxins have diff erent adverse health eff ects like hepatotoxicity, 
genotoxicity and immunotoxicity in humans and several other 
animal species. Th e liver and kidney are the main organs responsible 
for metabolism and detoxifi cation, and thus primarily aff ected by 
afl atoxin ingestion [3]. Th e afl atoxin is metabolized by cytochrome 
P-450 enzymes to reactive exo-8,9-epoxide to induce the formation 
of DNA adducts which leads to mutation of tumour suppressor gene 
p53 and subsequently development of hepatocellular carcinoma [4, 
5].

Several studies have been performed to analyse the individual 
and combined eff ect of afl atoxin chemotypes on diff erent cell lines 
[6,7,8,9,10] and it has been shown that  the eff ect of afl atoxin varies 
with its chemotypes, dose, length of exposure as well as aff ected animal 
species, its age and nutritional status [9,11] suggesting that elaborate 
studies are needed to decipher cell or animal-specifi c mechanism of 
action of diff erent afl atoxin types.

We have reported earlier Aspergillus fl avus as the predominant 
fungus in stored wheat grains in diff erent warehouses of the 
Food Corporation of India within the state of West Bengal [12]. 
Th e afl atoxin production by the isolated strains is confi rmed by 
ammonia vapour test, Th in Layer Chromatography (TLC) and High-
Performance Liquid Chromatography (HPLC). Th e current study 
has been undertaken for the extraction and purifi cation of afl atoxin 
chemotype AFB1 from toxigenic A. fl avus strain isolated from the 
stored wheat grains in India, and analysis of its carcinogenic eff ect on 
immortalized human liver (HepG2) and kidney (HEK293) cell lines. 
Th e study of afl atoxin toxicity and mechanism of action on diff erent 
human cell lines could help in the development of measures to reduce 
its toxic eff ects on to human and animal health.

MATERIALS AND METHODS 
Purifi cation of afl atoxins

Afl atoxigenic A. fl avus (previously isolated in our lab from stored 
what grains) were cultured on Yeast Extract Sucrose (YES) media 
(2% yeast extract, 20% sucrose and 20% sucrose) in broth as well 
as on culture plate for 14 days at 300C. Th e broth of fungal culture 
(100 ml) was mixed with an equal volume of chloroform for 12 h 
with shaking to extract toxin in the solvent phase. Fungi grown on 
solid media (20 g) were crushed in 100 ml of acetonitrile: methanol 
(85:15) mixture and fi ltered through Whatman paper to remove 
debris and fungal spores. Th e organic solvent extracted toxins from 
both the solid and liquid media were centrifuged at 10000xg for 10 
min and the supernatants were concentrated in a rotary evaporator 
(Model: Rotavapor  R-  210; Make: Büchi  Labortechnik AG, Flawil, 
Switzerland) to the fi nal volume of 1 ml. Th e presence of diff erent 
afl atoxins in the extract were checked by Th in Layer Chromatography 
(TLC) on pre-coated silica gel 60 aluminium plate (20 × 20 cm) using 
toluene: ethyl acetate: formic acid (6:3:1) as mobile phase solvent and 
visualized under UV light at 365 nm. 

Purifi cation of AFB1 by Silica gel column chromatography, 
semi preparative and analytical HPLC 

A glass column (22 mm x 300 mm) packed with silica beads 
was prepared as follows: Initially an empty column was fi lled with 
chloroform and to it 5 g sodium sulphate was added to prepare a 
bottom layer. Th en, 10 g of silica beads (pre swelled in chloroform) 
and 5 g sodium sulphate were added to prepare the upper layer. Th e 
column was washed with 150 ml of chloroform at the fl ow rate of 
0.5 ml/min to remove all the bubbles. In this packed column 1 ml 
of concentrated afl atoxin extract was loaded and aft er the afl atoxins 
enter into the column bed completely, it was washed initially with 
10 ml of hexane and then with 10 ml of diethyl ether to remove 
lipids and fats. Th ereaft er, afl atoxins were eluted in 10 ml of varying 
concentration of chloroform: methanol (97:3; 99:1) mixture and with 
100% methanol. All elutes were concentrated in rotary evaporator, 
analysed by TLC and visualized under UV light.

Th e concentrated toxin from silica gel column was dissolved in 
acetonitrile (100%) and separated through semi-preparative High 
Performance Liquid Chromatography (HPLC) (Model: 1260 Series; 
Make: Agilent, USA) using SBC18 column (9.4 mm x 250 mm) and 
acetonitrile: water (80:20) as mobile phase solvent in isocratic mode 
for 50 min at the fl ow rate of 1ml/min. Elution was monitored in diode 
array detector, peak fractions  were collected separately, concentrated 
and analysed by TLC.
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Th e major elutes (containing afl atoxins) from the semi-preparative 
HPLC column was further purifi ed through reverse-phase analytical 
HPLC (Model: 1260 Series; Make: Agilent, USA) fi tted with SBC18 
column (5 μm, 4.6 mm x 250 mm), in an isocratic mode using H2O: 
methanol: acetonitrile (6:3:1) as mobile phase solvent at fl ow rate 1 
ml/min. All the peak fractions (containing diff erent afl atoxin chemo-
types) were eluted separately and the purity of eluted toxin in each 
peak was again checked by TLC and analytical HPLC by monitoring 
in Diode array detector (DAD; λ = 365/20 nm) and fl uorescence 
detector (FLD; λ = 365 nm excitation, λ= 450 nm emission). Th e 
concentration of purifi ed AFB1 chemotype was determined by 
measuring OD at 360 nm and comparing with standard curve of pure 
AFB1 (Sigma ).

Molecular weight determination of AFB1 by MALDI-TOF 
mass spectrometer

Th e molecular weight of purifi ed AFB1 was determined in a 
MALDI-TOF mass spectrometer (Model: Ultrafl ex III TOF/TOF; 
Make: Bruker Daltonics). Th e purifi ed AFB1 was mixed with α-cyano-
4-hydroxycinnamic acid (HCCA) matrix (1:1), and 1.0 μl of this 
mixture was spotted on target plate. Th e plate was allowed to dry in 
air and then the spectra were recorded in the positive ion linear mode.

Anti-proliferative activity assay of AFB1 on human cell 
lines in vitro 

Anti-proliferative eff ects of AFB1 on HEK293 and HepG2 cells 
were evaluated by MTT assay [13]. In brief, human liver (HepG2) 
and kidney (HEK293) cells were cultured in RPMI-1640 and DMEM 
media, respectively supplemented with 10% fetal bovine serum, 100 
units per ml of penicillin, and 100μg/ml streptomycin in a humidifi ed 
incubator containing 5% CO2 and 95% air at 370C by sub- culturing 
every 3-4 days interval. Cell number was determined by counting 
in a haemocytometer. 5 x 103 cells in 200 μL of media were seeded 
into individual wells of 96-well micro plates (Tarsons, India). Cells 
were allowed to grow for 24 hrs and the culture medium was replaced 
by fresh medium containing diff erent concentrations of purifi ed 
AFB1 (0.8, 1.6, 3.2, 6.4, 12.8, 19.2, 25.6, and 51.2 μM). Th e cells were 
incubated for another 48 hrs, spent media was replaced with fresh 
serum free media containing 100 μl of MTT [3-(4, 5-dimethylthiazol-
2-yl)-2,5-diphenyl tetrazolium bromide] solution (5 mg/ml) and 
incubated for another 4 hrs at 370C in a CO2  incubator for the 
formation of formazan crystal in the well. Th e crystals were dissolved 
by adding 100 μl of DMSO in each well and the OD was measured 
at 570 nm.  Experiments for both the cell lines using diff erent 
concentration of AFB1 were done in triplicates. Th e percentage of 
living cells was calculated using following formula:

(OD of treated well  OD of blank well)Percentage of living cell   1 00  
(mean OD of untreated well –  OD of blank well)

x


Dose-dependent viability response curve was prepared and the 
concentration of toxin which causes 50% of cell death was taken as 
inhibitory concentration 50 (IC50).

Live/Dead cell staining and chromatin condensation 
assay

To visualize the live or dead cells (HepG2 an HEK293) aft er 
treatment with AFB1, cells were stained acridine orange (AO) and 
ethidium homodimer-1 (EB) as per the manufacturer’s (Sigma) 
protocol. In brief, within the wells of cell culture plate (12 wells) 
circular coverslips (18 mm) were placed and soaked in 70% ethanol 

for overnight. Th ereaft er, cover slips were rinsed three times with 1 
x PBS (pH 7.4) and again submerged in complete media for 2 hrs 
for conditioning. In each well 200 μl of cells (5x103) were added 
and incubated for 24 hrs in CO2 incubator at 370C. Th en spent 
media was replaced with fresh media containing AFB1   at its IC50 
concentration (12.8 μM in case of HepG2 cells and 19.2 μM in case 
of HEK293 cells) and incubated for another 48 hrs. Th ereaft er, cells 
were dislodged from the plate using trypsin, washed with 1x PBS 
and 10 μl of cell suspension was taken on a glass slide. Th en 1 μl of 
acridine orange (AO) and ethidium homodimer-1 (EB) solution (1:1 
v/v) [fi nal concentration of 100 μg/ml], was added to it and covered 
with a coverslip. Th e stained cells were then observed in a fl uorescent 
microscope (Make: Nikon Instruments Inc., USA, Model: Eclipse 
TS100-F) and photographed.

For checking the chromatin condensation, cells grown on 
coverslips were fi xed by treating with 3.7% paraformaldehyde for 30 
min at room temperature, washed with 1 x PBS and permeabilized 
with treatment of 0.1% Triton-X-100. Th e permeabilized cells were 
again washed with 1x PBS, stained with 10 μl of DAPI (4, 6-diamidino-
2-phenylindole) solution (100 μg/ml) (Th ermo fi sher scientifi c, USA) 
and covered with cover slip. Stained cells were observed under a 
confocal laser scanning microscope (Olympus FluoView FV1000, 
Version 1.7.1.0, Tokyo, Japan). Images were captured and analysed 
using FluoView 1000 (version 1.2.4.0) soft ware.

Cell analysis by fl ow cytometer

Th e apoptotic eff ect of AFB1 on HEK293 and HepG2 cells was 
also analysed by fl ow cytometer (Model: FACS Calibur; Make: 
Becton Dickinson, USA,) aft er staining with propidium iodide (PI) 
and annexin V-FITC (Sigma, St. Louis, MO). In brief, HEK293 and 
HepG2 cells (1x 106) were seeded separately in 60 mm petri plate, 
grown for 24 hrs and then treated with IC50 dose of AFB1 (12.8 μM in 
case of HepG2 cells and 19.2 μM in case of HEK293 cells) for another 
48 hrs. Th e cells were then detached from the petri plate by treating 
with trypsin-EDTA, washed twice with cold PBS and centrifuged 
at 1000 rpm for 5 min. Th e cell pellets were fi xed in 70% ice cold 
ethanol, washed, resuspended in 200 μl PBS and stained by adding 10 
μl propidium iodide solution (10 μg/ml). Th e cells were then analysed 
in a fl ow cytometer to calculate changes in sub G1 cell population by 
analysing diff erent phases of cell cycle. 

Th e cell population undergoing in diff erent stage of apoptosis 
(aft er treatment with AFB1) was analysed in fl ow cytometer aft er 
staining cells with dual marker annexin V-FITC and propidium 
iodide (PI). Both the cell types were treated with AFB1 as mentioned 
above, collected by centrifugation and washed with PBS. Th e 
harvested cells were suspended in 400 μl of 1x binding buff er (10 mM 
HEPES, pH 7.4, 14 mM NaCl and 0.25 mM CaCl2), To these cells 
10 μl of each annexin V-FITC (100 μg/ml) and PI (1 mg/ml) were 
added and incubated at 370C for 5 min. Th e stained and unstained 
cells were immediately analysed in a fl ow cytometer (FACS Calibur; 
Make: Becton Dickinson).

Gene expression analysis by western blot 

To analyse alteration of gene expression in AFB1 treated cells, the 
apoptotic signalling pathway marker genes such as Bax, Bcl-2, p53, 
and Caspase-3 were analysed by western blot assay. Th e AFB1 treated 
and untreated (control) cells were lysed in 1 ml of lysis buff er (150 mM 
NaCl, 50 mM Tris (pH 8.0), 5 mM EDTA, 1% (vol/vol) Nonidet p-40, 
1 mM phenyl methyl sulfonyl fl uoride (PMSF), 20 μg/ml aprotinin, 
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and 25 μg/ml leupeptin for 30 minutes at 4 0C, centrifuged at 10,000 
x g for 10 min and clear supernatants were collected. Th e amount 
of protein present in the supernatant was estimated by the method 
of Bradford using BSA as standard [14]. Equal amounts (50 μg) of 
each protein extracts were resolved by 10% SDS-polyacrylamide gel 
electrophoresis (SDS-PAGE) and electro transferred to nitrocellulose 
membrane. Aft er transfer, the membranes were incubated in blocking 
buff er [20 mM Tris-HCl (pH 7.5), 500 mM NaCl, and 5% non-fat 
milk] for 2 hrs at room temperature and then incubated over night 
with  mouse antibodies (diluted in PBS) specifi c for   Bcl-2 (1/500, 
v/v), Bax (1/250, v/v), cytochrome C (1/200, v/v), β-actin (1/1000,v/v) 
and cleaved caspase 3 (1/500, v/v) (Calbiochem, Cambridge, MA). 
Th e membranes were then washed with PBST (PBS containing 
0.1% Tween 20) and incubated with secondary antibody (anti-
mouse IgG) conjugated with horseradish peroxidase (HRP) (1/5000, 
v/v) for 1 hr. Th e blots were again washed with PBST, developed 
using a chemiluminescent reagent (ECL; Amersham Life Science, 
Buckinghamshire, UK) and photographed.

Analysis of AFB1 binding with genomic DNA 

To analyse the interaction of afl atoxin with genomic DNA of 
animal cells, DNA binding assay was performed. Genomic DNA 
from HepG2 cells was extracted by standard procedure [15] and 
two diff erent sets of experiments were performed. In the fi rst set 
fi xed concentration of AFB1 (25.6 μM) was mixed with varying 
concentration of HepG2 genomic DNA (1, 2, 3, 4, and 5 μg) in1 ml 
of PBS and in second set, fi xed concentration of genomic DNA  (2 
μg) was mixed with varying concentration of AFB1 (6.4, 12.8, 19.2, 
25.6, and 51.2 μM). Th e AFB1-DNA mixtures were incubated for 1 
hr at room temperature and then changes in absorption spectra were 

recorded in a spectrophotometer at 200–500 nm wavelength  of light 
[16]. 

RESULTS AND DISCUSSION 
Extraction and purifi cation of afl atoxin B1

AFB1 chemotype was extracted from the broth and solid media 
culture of A. fl avus by organic solvent extraction (chloroform 
and methanol or acetonitrile and methanol) followed by silica gel 
chromatography. TLC plate analysis showed the production of 
four diff erent chemo-types of AFB1, AFB2, AFG1 and AFG2 along 
with several other pigments aft er silica gel column chromatography 
[Figure 1(d), lane 4]. Th e afl atoxins extracted from the YES agar plate 
showed more amount of afl atoxin production than the YES broth. 
Further purifi cation was done by semi-preparative HPLC. Elution 
profi le from the semi-preparative HPLC showed presence of one 
major peak and several minor peaks [Figure 1(a)]. Analyses of the 
contents of major peak by TLC also showed presence of two major 
afl atoxins and several minor components [Figure 1(d), lane 3]. Re-
analyses of this major peak fraction by analytical HPLC showed one 
major peak of AFB1 and one minor peak of AFB2 (in respect to similar 
analysis of standard afl atoxin chemo types) [(Figure 1(b)]. Further 
analysis of this analytical HPLC purifi ed AFB1 by another analytical 
HPLC showed a single peak [(Figure 1(c)] and a showed single spot in 
TLC [Figure 1(d), lane 2] migrating in the similar position of standard 
AFB1 indicating purifi cation of AFB1 to homogeneity. MALDI-TOF 
mass spectrometry revealed the molecular weight of purifi ed AFB1 
as 313.663 Da [Figure 1(e)]. Th e concentration of purifi ed AFB1 
was determined by measuring OD at 360 nm and using the standard 
curve AFB1 from Sigma (Figure S1)

Figure 1: Extraction and purifi cation of AFB1 by various chromatographic techniques: a) Elution profi le of  extracted afl atoxin (from silica gel column) in semi-
preparative HPLC,  b)  Elution profi le of major peak fraction (from semi-preparative HPLC) in analytical HPLC, c)  Elution profi le of AFB1 in analytical HPLC,  d) 
Separation of  afl atoxins by TLC ; lane 1, standard afl atoxin mix (Sigma); lane 2, AFB1 purifi ed by analytical HPLC; lane 3, afl atoxins purifi ed by semi-preparative 
HPLC; lane 4, afl atoxins purifi ed by silica gel column, and e) MALDI-TOF analysis of purifi ed AFB1.
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Anti-proliferative eff ect of AFB1 on HepG2 and HEK293 
cells 

MTT assay was carried out to evaluate the anti-proliferative 
potential of AFB1 on HepG2 and HEK293 cells at the concentration 
of 0.8, 1.6, 3.2, 6.4, 12.8, 19.2, 25.6, and 51.2 μM. Th e results showed 
a decrease in cell viability with the increase in time of exposure and 
concentration of AFB1 with some variation between the two cell 
lines. At low concentration of AFB1 (≤ 1.6 μM), cell proliferation 
was observed in both cell lines. A 50% reduction in cell viability 
(IC50) was observed aft er 48 hrs at an AFB1 concentration of 12.8 
μM in case of HepG2 cells, and at 19.2 μM AFB1 concentration in 
case of HEK293 cells (Figure 2). Observation of these cells under the 
microscope showed disruption of normal cellular morphology and 
loss of their intercellular connectivity with the increase of exposure 
time (Figure 3a). 

Previously diff erent IC50 values of AFB1 for diff erent cell lines have 
been reported. McKean et al [6] have reported IC50 value as 1 μM and 
100 μM for human HepG2 cells and BEAS-2B cells (human bronchial 
epithelial cell line), respectively.  Lei et al [17] have observed 38.8 μM 
as the IC50 concentration of AFB1 in porcine kidney (PK-15) cell line. 
Similarly, IC50 of AFB1 in Vero cell has been reported as 30 μM aft er 24 
hrs of exposure by MTT assay  [18]. Th ese diff erences in IC50 value for 
diff erent cell lines suggest that AFB1 exerts its anti-proliferative eff ect 
diff erently on diff erent cell lines.  Th e observed small enhancement 
of cell proliferation at lower concentration of AFB1 (<1μM) may be 
due to alternation in cell physiology that causes an increase in cellular 
adaptability whereas high concentration damages the cell beyond its 
limit of recovery leading to death  [19].

Observation of cell and nuclear morphology using DAPI 
and AO/EB stain

Diff erent toxins induce cell death in diff erent pathways such 
as necrosis and/or apoptosis, and can be distinguished by distinct 
cellular, morphological and biochemical features [20]. Apoptotic cell 
death is characterized by nuclear shrinkage and cellular blebbing, 
without any eff ect on the membrane integrity. It is also accompanied 
by chromatin condensation, nuclear fragmentation, and activation 
of cysteine proteases called caspases. On the other hand, necrotic 

death pattern is highlighted by swelling and rupture of the nuclear 
membrane due to increase in cell permeability and membrane 
integrity, loss of ion gradients, irreversible chromatin condensation, 
and the release of intracellular contents [21]. In the current study, we 
have tried to decipher the mechanism of AFB1 induced cell death in 
human liver and kidney cells by observing changes in cell and nuclear 
morphology, chromatin condensation using fl uorescent dyes, and 
analysing apoptosis related proteins expression profi le. 

DAPI is a fl uorescent dye that is impermeable to living cells at 
low concentration. Th is dye binds strongly with Adenine-Th ymine 
(AT) bases of double stranded DNA and gives 20-fold intense blue 
fl uorescence. It can be employed to investigate the extent of nuclear 
changes during apoptosis and determine the fraction of apoptotic cells 
with condensed and fragmented DNA. Observation of DAPI stained 
untreated HepG2 and HEK293 cells under confocal laser scanning 
microscope showed uniform diff use blue fl uorescence but the AFB1 
treated (24 h onwards) cells showed bright nuclear fl uorescence 

Figure 1: Standard graph for concentration determination of AFB1 prepared by taking OD at 360 nm of diff erent concentration of AFB1 dissolved in methanol. 
(a) Concentration vs OD at 360 nm plot and (b)Uv- visible absorption spectra showing variation of peak intensity with concentration at 360 nm.

Figure 2: Percentage cell viability relative to control cell upon treatment with 
AFB1. Each point represents value as mean ± standard deviation of triplicate 

experiments.
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confi rming condensation of chromosome. Aft er 48 h of treatment, 
the fl uorescent dye was observed to be dispersed throughout the 
cell, indicating extensive nuclear fragmentation (Figure 3b). Th e 
chromosome condensation and fragmentation confi rmed that cells 
were dying by apoptotic pathway. Th e DAPI stain has been used to 
study the induction of apoptosis by ochratoxins in mammalian cell 
lines and rat kidney cells [22].

Acridine Orange (AO) dye is permeable to viable cell membrane 
(vital dye) and stains the cells uniformly with a green color. On 
the other hand, the Ethidium Bromide (EB) dye can penetrate 
the dead cells that have lost their membrane integrity. Th e EB is a 
DNA intercalating dye that binds with chromosome and gives red 
fl uorescence [23].  Hence, these dyes were used to investigate the 
nature of cell death (apoptosis and/ necrosis) caused by AFB1. Th e 
examination of control cells (untreated) and AFB1 treated cells aft er 
staining with AO/EB under fl uorescent microscope showed uniform 
green color in control cells even aft er 48 h of culture whereas treated 
cells displayed increase in the intensity of red color with respect to 
treatment time (Figure 3c). Th e gradual change in fl uorescence color 
from green (live cells) to dark red (late apoptosis cells), through an 
intermediate yellow fl uorescence (early apoptotic cells) confi rmed 
that AFB1 signifi cantly induced apoptosis in HepG2 and HEK293 
cells.  Th is result corroborated the fi ndings of Xu et al [24] on the 
HepG2 cell line using ligustrazine-triterpenes derivatives.

Flow cytometry analysis 

To observe the apoptotic eff ect of AFB1 on HepG2 and HEK293 

cells, further analysis was performed using annexinV and propidium 
iodide stain. Th e live cell expresses phosphatidylserine in cytosolic 
side of plasma membrane. Th e cell undergoing apoptosis translocate 
this compound to extracellular side and make accessible for binding 
with calcium dependent phospholipid binding proteins like annexin 
[25]. In fl ow cytometry, cell cycle analysis of control cells stained 
with PI showed only 5.2% cell population in sub G1 phase in case 
of HepG2 while in case of HEK293, it was around 10% of total cell 
population. For the AFB1 treated cells, the sub G1 cell population 
reached around 50% of total cell population in both HepG2 and 
HEK293 cells (Figure 4A). Th is sub G1 cell population represents the 
cells undergoing apoptotic or necrotic cell death. Similar results were 
observed when the treated cells were studied using both these two-
fl uorescent dye (annexin V and PI) together. More than 50% of total 
AFB1 treated (IC50) cell population were observed in early apoptotic 
phase (Annexin V+/PI−), late apoptotic phase (Annexin V+/PI+) 
and necrotic or dead phase (Annexin V−/PI+) and confi rmed the 
apoptotic pathway induced cell death (Figure 4B). 

Figure 3: Morphology of AFB1 treated cells with IC50 concentration (12.8 μM 
in case of HepG2 cells and 19.2 μM in case of HEK293 cells) as observed 
under (a) phase contrast microscope (b) confocal microscope after staining 
with DAPI and (c) fl uorescence microscope after staining with AO/EB. 
(Magnifi cation 400 x)

Figure 4: Flow cytometric analysis of AFB1 treated (48 hrs) cellular apoptosis 
at IC50 concentration (12.8 μM in case of HepG2 cells and 19.2 μM in case 
of HEK293 cells). Panel (A) shows distribution of cell population in diff erent 
phases of cell cycle after staining with only propidium iodide and Panel (B) 
shows changes in the rate of cells undergoing apoptosis after staining with 
both annexin V and PI. 

Analysis of cells by fl ow cytometry also showed an increase in 
the percentage of apoptotic cell count with the increase concentration 
of AFB1 and confi rms the apoptosis event. Similar type of induction 
of apoptosis by AFB1 has been reported by feeding the animals with 
AFB1 and analysing the eff ect in the cells/tissues of diff erent organs 
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like thymus, spleen, intestine, kidney, liver and bursa of fabricius 
[9,26 -31]. 

Western blot analysis of AFB1 induced apoptotic genes 
expression

Th e expression profi le of key regulatory proteins of pro-apoptotic 
pathway such as Bax, caspase-3 and Bcl-2 was monitored in AFB1 
treated and untreated cells by western blot analysis. Th e results showed 
increase in the expression of Bax (20 kDa), cleaved caspase-3 (17 and 
19 kDa) and cytochrome C (14 kDa) proteins whereas, decrease in 
the expression of Bcl-2 protein (26 kDa) (Figure 5). Th e expression of 
β-actin (45 kDa) was monitored as internal control and did not show 
any alteration in expression between AFB1 treated and untreated cells. 
Th e upregulation of the expression of apoptosis inducing proteins 
such as Bax, capsase3 and cytochrome C and downregulation of anti-
apoptotic protein (Bcl-2) confi rm apoptosis induced cell death due 
to AFB1 treatment.  More death was observed for HEpG2 cells than 
HEK293 cell and suggested that the cytotoxicity of AFB1 on cell cycle 
progression depends on the concentration of AFB1, exposure time, as 
well as cell types. Similar types of up regulation of Bax, capsase 3 and 
cytochrome C, and down regulation of Bcl-2 in the afl atoxin treated 
diff erent cells have been reported earlier [18,32]. Creation of oxidative 

Figure 5: Western blot analysis of the expression of diff erent pro-apoptotic 
and anti-apoptotic proteins in AFB1 treated cells at diff erent time intervals.

Figure 6: UV-visible absorption spectra of AFB1-DNA complex (a) in the presence of fi xed amount AFB1 with varying concentrations of fungal genomic DNA 
and (b) in the presence of fi xed amount of fungal genomic DNA with varying concentrations of AFB1.

stress on cell lines due to toxin treatment and production of reactive 
oxygen species (ROS) have been reported in sev eral studies [33-35]. 
Th e ROS production disturbs mitochondrial integrity that leads to 
the expression of apoptosis associated proteins and ultimately directs 
apoptotic induced cell death [36]

 AFB1-DNA adduct formation

Th e interaction of AFB1 and DNA was studied by UV-Vis 
absorption spectroscopy. Th e DNA molecules contain aromatic bases 
and phosphate chromophores, which show characteristic intense 
absorption peak at approximately 260 nm. Th e AFB1 molecules also 
have a characteristic absorption peak at 365 nm. Th e interaction 
of a fi xed amount of AFB1 with increasing concentration of DNA 
exhibited hyperchromism with blue shift  at 267 nm while AFB1 peak 
at 365 nm displayed slight hyperchromism. Th e interaction between 
fi xed amounts of DNA with increasing concentration of AFB1 showed 
hyperchromism with gradual red shift  from 260 nm (Figure 6). Th e 
hyperchromicity may be attributed to external contact (electrostatic 
binding) or the disruption of the DNA’s secondary structure [37]. 
Bindi ng of afl atoxin with calf thymus DNA in a similar way in its 
major / minor grooves, and changes in DNA conformation has been 
reported by (Ma et al [16].

CONCLUSION
Th e current study has described the extraction and purifi cation of 

AFB1 from the culture of A. fl avus isolated from stored wheat grain in 
India using silica gel column, semi-preparative and analytical HPLC. 
Th e treatment of human liver and kidney cells with this purifi ed 
AFB1 leads to chromosome condensation, DNA fragmentation and 
increases the expression of key regulatory proteins of pro-apoptotic 
pathway to direct the cells to undergo apoptotic cell death. Th e study 
throws light on the potential cytotoxicity of AFB1 on humans and 
animals those are exposed to mycotoxin contaminated wheat grains.
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