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Abstract 
Aflatoxins (AFs) are secondary metabolites having a 

high cytotoxic potential and have an active 

carcinogenic compound. This study aimed to isolate 

hematopoietic stem cells (Precursors of mononuclear 

stem cells) from human umbilical cord blood. 

Collection of umbilical cord blood samples from cord 

blood was accomplished immediately after delivery, 

while the placenta is intrauterine by used closed system 

method. The mononuclear cells (MNCs) were obtained 

from umbilical cord blood by using Buffy coat method. 

The previous cells have been Hematopoietic Stem Cells 

(HSCs) used in the cytotoxicity test of AF extract. The 

mononuclear cells were cultured in DMEM medium 

with 10% FCS. An experimental study was conducted 

in vitro on these cells to confirm the toxic effects of AF 

with different concentrations of AFs.  

 

The results showed that the inhibition rate increases 

seriously with the increase of AF concentration. 

Aspergillus flavus in peanut produces the highest 

concentration of AF, while in soil, contamination with 

crude oil A. flavus produces the least concentration of 

AF. Additionally, the concentration of 1 μg /ml of AF 

extracted from the aflatoxigenic isolates which can kill 

100% of hematopoietic stem cells.  
 

Keywords: Aflatoxins, Cytotoxicity, Lymphocyte, Stem 
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Introduction  
HSCs can be collected from cord blood (CB), peripheral 

blood (PB) and bone marrow (BM). Lately, UCB was 

increasingly used because readily available1. The cell 

content of UCB is limited and has a higher frequency of 

progenitor cells compared with PB or BM2. UCB derived 

CD34+ cells have also shown rapid proliferation more than 

their counterparts from BM3. 

 

These cells contribute in the formation of immune system 

cells that can be affected by various types of toxins such as 

AFs4. AFs (AFB1, AFB2, AFG1, AFG2) are mainly 

produced by A.flavus and A. parasiticus and are found in 

various agricultural commodities5. These natural toxins have 

been commonly classified as a carcinogen by the 

International Agency for Research on Cancer, (IARC). 

These toxins may have effects on cell immunity, reduction 

of lymphocyte proliferation, production of cytokines and 

they have many potentials such as cytotoxicity, 

carcinogenicity, hepatotoxicity, immunotoxicity and 

genotoxicity6. The frequent exposure of animals to low 

levels of AF (0.005–0.075 mg/kg body weight) for one week 

had shown dose-dependent decrease in the percentage of 

splenic CD8+ T cells and CD3−CD8a+ natural killer (NK) 

cells7,8. 

 

Young children are also exposed to dietary AF and had toxic 

effects on the immune system and human lymphocytes 

including inhibition of the lymphocyte respiration9, 

Apoptosis or apoptosome describes the term Caspase 

mediated by cytotoxic processes which cause mitochondrial 

impairment on DNA fragmentation after cell membrane 

damage10.  

 

The aim of the present study was to isolate hematopoietic 

stem cells (precursors of polymorphonuclear stem cells) 

from human umbilical cord blood and study the toxic effects 

of AF as the precursors of mononuclear cells and detect its 

toxic dose. 

  

Material and Methods 
Identification of Aspergillus flavus isolates: Fifteen A. 

flavus isolates were obtained from two laboratories; five 

(33%) isolates were obtained from laboratory of College of 

Veterinary Medicine / University of Baghdad (in which the 

fungus was isolated from clinical cases), while ten (67%) 

isolates were obtained from laboratories of the Environment 

and Water Department, Ministry of Science and 

Technology. 

 

Isolates were identified depending on the species level based 

on macroscopical and microscopical characteristics using 

SDA11; a loop was used for taking spores to implant in test 

tubes and then incubated at the same temperature. After 

incubation of 10 ml of sterile distilled water in culture tubes 

with A.flavus12, sterile loop and suspension of spores 

harvested the spores were prepared in the tubes13. Transfer 1 

ml of the spore suspension and dilute with the addition of 9 

ml of sterilized distilled water to complete the size to 10 

ml14. After that, the spores were accounted in 5 µL by use of 

a hemocytometer.  

 

According to Lai et al15, each flask contains 50 grices 

sterilized, inoculated with million spores and incubated at 28 

± 1°C in the dark for 21 days and shaken once or twice daily 

to aid in even distribution of the inocula. After fermentation, 

the flasks were placed in the oven at 60°C for 3 hours to 
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destroy the fungus and the HPLC technique determined the 

amount of AF. 

 

Extraction, purification and detection of Aflatoxin: 

Aflatoxin has been extracted according to AOAC, procedure 

with few modifications as follows: 25 grams of weighed rice 

powder was added to 25 ml of chloroform and water (1:1 

v/v). The contents of the flasks were shaken for 60 min. The 

crude extracts were filtered through gauze and then through 

Whatmann filter paper (No. 1). 25 ml of filtrate was mixed 

with 25 ml methanol (90%) and hexane at (1:1 v/v) in a 

separate funnel for 10 min. The upper layer was discharged 

and the methanol lower layer was evaporated to near dryness 

and then 25 ml chloroform/water (1:1 v/v) was added to the 

extract to another separate funnel. The funnel was shaken 

thoroughly for about 1 minute; then the lower layer 

chloroform was passed through filter paper containing 10 g 

of anhydrous sodium sulfate. The last filtrate was evaporated 

to near dryness and the residue was stored in small dark vials 

at 5°C for chemical analysis.  

 

AF has been detected by High Performance Liquid 

Chromatography (HPLC) with the following conditions: 

column: 250x4.6mm, particle size 5 μm, ODS (C18), mobile 

phase acetonitrile: water 40:60 v/v, flow rate 1ml/ minute., 

detector UV-365nm and compared to standard AF (Sigma) 

as control. 

 

Cord blood collection: Umbilical cord blood (UCB) sample 

was obtained from women subjected to cesarean section in 

Al- Jamiea hospital in Baghdad. 

 

All UCB specimens were freshly collected from the 

umbilical vein. Immediately after delivery of the baby, the 

umbilical cord clamped breaking the link between the baby 

and placenta, the baby separated from the cord and the cord 

then cleaned in 5-8 cm area of umbilical cord with antiseptic 

solution and inserted the blood bag needle in the umbilical 

cord vein. The blood was flown by gravity into the bag 

containing citrate phosphate dextrose adenine-1 (CPDA-1) 

anticoagulant approximately 25 ml since total collections 

were around 100-120 ml. During compilation, blood bag was 

shaken gently, so that the anticoagulant is freely mixed with 

UCB16. The UCB samples were handled precisely and 

brought to the stem cell culture laboratory in Al-Nahrain 

University/ Biotechnology Research Center avoiding the 

direct sunlight exposure and the extremely high temperature.  

 

Collection of mononuclear cells (MNCs) from Cord 

blood cell: The blood was diluted with an equivalent volume 

of phosphate buffer saline (PBS). Four ml of diluted serum 

was transferred to 10 ml round bottom tubes and layered 

carefully on 3 ml of Ficoll-Paque solute and centrifuged at 

2200 rpm for 25 min at 4°C to isolate MNCs. By using 

Pasteur pipette, the MNCs rich zone (buffy coat layer) was 

removed and transferred into a new 10 ml round bottom tube 

and washed twice with PBS through centrifugation at 4°C in 

2000 rpm for 8 minutes and 1000 rpm for 10 minutes17 . 

Determination of cell number and viability: The cell 

count and sustainability can be determined by using trypan 

blue stain of 0.04 %. About 100 µL from the resuspended 

cells were diluted 1:1 with trypan blue solution and mixed 

and then incubated at room temperature for two mins. To 

determine the cell viability, the dead cells were stained (blue 

color), while alive cells were not stained.18 

 

A trypan blue solution is then mixed in the Eppendorf tube 

and was incubated for two minutes at room temperature. 

Using sterile Pasteur pipette, 10 μl of cell trypan blue 

suspension mixture was transferred to a hemocytometer 

chamber and covered with a coverslip firmly in place, viable 

cells (uncolored cells) in each of the four corner squares on 

either side of the center chamber were calculated, average 

the counts multiplied by 2×104 to give the number of 

cells/ml.19 

 

Viable Cells (%) = [No. of viable cells/Total No. of cells 

(dead and viable)]  × 100 

 

Cultivation of the HSC from human umbilical cord 

blood: After determination of the cell count and viability, a 

number of 1×106  cells were cultured in a 25-mm tissue 

culture flask containing 5 ml of DMEM medium 

supplemented with 10% FCS and 100 U/ml penicillin, 100 

μg /ml streptomycin and 25 μg/ml amphotericin B and plated 

onto a 25-mm tissue culture dish and incubated at 37°C, 5% 

CO2 overnight. After three days, the nonadherent cells were 

harvested by centrifugation (10 min, 300g), the supernatant 

was aspirated and was cultured again in a similar condition 

until a monolayer was occurring. 

 

Results and Discussion 
It has been shown in the table 1 that there is a variation in 

the production of AF for the isolates that are responsible for 

producing AF. It was also noted from the table that the 

sample was taken from the peanut field, predominant overall 

isolates with a concentration reached to (45.03 ppm), 

compared to all isolates. 

 

In the umbilical cord blood collection, it has been observed 

that close system technique gave rate 30 ml of UCB while 

the placenta is still in the utero, while the amount of blood 

fell when using the open system technique that has given rate 

20 ml of UCB when the placenta is outside utero (ex utero), 

a possible explanation for the higher UCB volume yielded 

by in utero collection is that the compressing force exerted 

on the placenta from the uterus expels more UCB and this 

result is in agreement with what was said20 . 

 

The collection strategy is the first step for collecting cord 

blood good-quality, with the appropriate volume of blood 

and suitable for lab works and varies among banks and 

collection sites for the same cord blood bank21. In this sense, 

it is observed that there are many methods of collection for 

improving volume and total nucleated cell content of cord 

blood units. There are two main techniques for the collection 
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of umbilical cord blood from the umbilical vein and both 

methods have some advantages and disadvantages. It 

became clear through the use of both close technologies 

system (in a utero collection) and open system (ex utero 

collection)22. 

 

There is a highly significant correlation between the cord 

blood volume and the total nucleated cells (TNC) count per 

UCB unit, where it is found in the present study a significant 

increase in the number of TNC when getting them from 

closed system compared with open system, that gave a low 

rate of cell. In this study, the closed system was used and has 

been found effortless, easy, quick and no contamination was 

observed during the cord blood collection process. Fig. 1 

shows the steps of blood collection from the umbilical cord 

vein by the closed system method, where photos were taken 

with the consent of the ethical committee and the patient. 

 

Aspiration of hematopoietic stem cells: The umbilical cord 

blood aspirated from the umbilical vein and the blood 

components separated by gradient centrifugation revealed 

four layers: the upper translucent yellowish layer which 

formed about 50 – 55% of entire volume representing the 

plasma and lymphocyte separation solution, under which the 

buffy coat contained the MNCs  made up about 2 - 5 % of 

the volume and appeared as a cloudy whitish layer, while the 

remaining amount settled down in the bottom half and 

consisted of components of the lower layer representing 40-

45% of the entire volume of the blood and made up of 

erythrocytes as in fig. 1. 

 

Table 1 

Comparison between different samples (isolate origin) in Co. AF in HPLC 
 

Isolates Isolate origin Co. AF in HPLC (ppm) 

AFM1 Fish 0.00 ± 0.00 

AFM2 cow lung 11.66 ± 0.75 

AFM3      Spices  12.55 ± 0.87 

AFM4 Rice  8.35 ± 0.63 

AFM5 Animal waste 0.00 ± 0.00 

AFM6 Corn Grain  33.86 ± 2.04 

AFM7 Soil, black oil 0.78 ± 0.01 

AFM8 Barley Grain 6.24 ± 0.58 

AFM9 Wheat 29.89 ± 1.93 

AFM10 Bovine Milk 0.00 ± 0.00 

AFM11 Fruits 17.39 ± 1.26 

AFM12 Nuts 12.66 ± 0.73 

AFM13 Poultry Lung 0.00 ± 0.00 

AFM14 Peanut seeds  45.03 ± 2.59 

AFM15 Vegetables 0.00 ± 0.00 

LSD value  --- 6.593 * 

* (P<0.05). 

 

Table 2 

Inhibition rate of MNC exposed to AF measured via cytotoxicity assay 

AF 

(µg/ml) 

isolates A. flavus produced for AF 

AFL2 AFL3 AFL4 AFL6 AFL7 AFL8 AFL9 AFL11 AFL12 AFL14 LSD 

1 99.86 100 100 100 100 100 100 100 100 88.85 7.4* 

0.5 28.72 26.18 100 89.70 17.71 100 39.73 49.05 50.74 53.28 9.7* 

0.25 24.49 9.25 100 65.14 15.17 33.80 32.96 43.12 38.89 52.46 9.2* 

0.12 3.32 3.32 27.88 11.79 10.94 25.34 20.25 32.96 27.03 46.51 9.8* 

0.063 0 2.47 2.47 5.86 5.86 27.03 9.25 18.56 20.25 40.58 8.4* 

0.031 0 0 0.78 0 4.16 16.87 5.01 14.33 16.02 32.11 9.3* 

0.016 0 0 0 0 0 0 2.47 12.63 12.63 25.34 6.8* 

0.0078 0 0 0 0 0 0 0 8.40 5.86 21.95 6.2* 

LSD value 12.69 * 9.754 * 12.86 * 12.63* 13.02 * 11.87 * 12.52 * 10.26 * 12.37 * 10.42 * --- 
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Fig. 1: Collection of umbilical cord blood during cesarean section.  

(A): the umbilical cord is a conduit between the fetus and the placenta (B): Vein of umbilical cord from it collects 

blood while the placenta in utero (closed system) (C): The placenta out of a uterus  

(D): Vein of umbilical cord from it collect blood while the placenta exutero (open system) 

 

 
Fig. 2: Separation tube of blood four layers after gradient centrifugation, the upper one (A) represents the 

supernatant plasma, (B) represents the medium cloudy layer (Buffy coat) representing the MNCs, (C) represents the 

layer of the Ficoll-Paque and (D) represents the remainder cells which settled in the lower layer. 
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Due to a large number of thrombocytes and erythroid 

progenitors in cord blood, all erythroid cells and 

thrombocytes retained in the buffy coat and those due to the 

erythroid cells which are nucleated, remained in the buffy 

coat layer25 which can be removed by washing 2– 3 times. 

By trypan blue stain, the MNCs viability and cell count were 

determined. 
 

Three days later, after centrifugation, 50% of the medium 

was changed; the floating cells were discarded during the 

change process while the MNC cells began to form a cluster 

3 – 5 days after the first cultivation. One week later, the HSC 

formed about 80% confluence as in fig. 3 and at this time the 

culture medium was discarded after centrifugation and the 

cells washed with PBS and passed into a new flask with the 

same cultivation conditions and so on until the cells were 

seeded into a microwell plate at a density of 2x104 cells/well 

and cultured in 200 μl DMEM supplemented with 10% FCS 

of each well, then incubated until they are treated with 

different concentrations of AF.  

 

Cytotoxic effects of Aflatoxins: From table 2, it has been 

observed that the concentration of 1 µg for all isolates was 

significant in giving the highest rate of inhibition compared 

with the other concentrations. The masses 0.5, 0.25, 0.125 

µg have given low rates of inhibition reaching to 28.72, 

24.49, 3.32% respectively, but the other concentrations did 

not affect the inhibition of cells. This suggests that the 

presence of higher concentrations of AF can lead to a 

significant reduction in the number of lymphocytes. In 

addition to that, the decline of the lymphocytes' 

mitochondria activity is possibly due to the weakness of 

mitochondria. It was also observed that the prevalence of the 

concentration 0.5 µg significant in inhibiting cells with a 

range of (26.18) % of the isolate. 

 

The concentrations 0.5 and one µg of the isolate AFM4 have 

given an inhibition percentage of (100%), while the 

inhibition percentage in the concentration 0.125 had 

decreased to 27.88% which outperformed significantly on 

other concentrations even though some concentrations in 

this isolate did not give any percentage of inhibition. It was 

found that the concentration 0.5 µg of isolate AFM6 had 

excelled significantly in the inhibition of cells with a rate of 

89.70% compared to the concentration 0.25 µg in which the 

inhibition rate fell considerably to 65.14. 
 

 

Fig. 3: Morphology of MNC isolated by the gradient centrifugation, which cultured in DMEM revealed by inverted 

microscope. (A) The maximized appearance of the cells 24 hours after cultivation. (B) The presence of the cells one 

week after the cultivation, where several cells began to attach and to form many clusters (arrows). (C) The 

maximized appearance of a cluster of cells, which revealed the attachment of round cells. (D) The optimized presence 

of the cells two weeks after cultivation 
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The results also showed that the isolate AFM7 had given less 

inhibition percentage of the cells compared to all isolates 

when the AF concentration was 0.5 µg with an average of 

(17.71) %. It had been clarified in this isolate that there are 

significant differences among the concentrations used in 

inhibition, despite the gradual decreasing in the inhibition 

percentage of cells with the reduction of AF concentration, 

whereas the concentrations 0.5, 0.25, 0.125, 0.0625 µg have 

been insignificantly different in the inhibition rate of cell and 

the results indicate that this isolate is producing low amounts 

of AF, which is one of the most toxins involved in the 

immune-disruptive process and affects lymphocytes mainly, 

when it was detected by using HPLC system and according 

to previous results reported in the table 2. This result is 

consistent with what reported by Mehrzad et al26. 

 

The concentration 0.5 µg  of AF of the isolate AFM8 had 

excelled in giving the highest percentage of inhibition which 

reached 100% compared to other concentrations, which 

differed among them significantly where the inhibition rate 

of cell had decreased with the decreasing of AF 

concentration, it was also noted that the concentration 0.5 µg  

of AF of the isolate AFM9 had given inhibition rate of 

39.73% which was not significantly different from 

concentration 0.25 µg which gave the percentage inhibition 

of 32.96 where they both excelled significantly at all other 

concentrations that belong to this isolate, in which the 

inhibition rate of cells was gradually decreased, but the 

interpretation of this is due to the effect of AF on DNA that 

cause abnormal changes in it27.     

 

The results  also showed that the prevalence of the 

concentration 0.5 excelled significantly in the isolate 

AFM11 with an inhibition rate reaching to 49.05% 

compared to all concentrations, while it does not differ 

significantly from the concentration 0.25 µg which inhibited 

cells at a rate of 43.12%, as well as the concentration 0.125 

had excelled significantly in inhibiting cells compared to all 

concentrations in which the inhibition ratio is decreased. The 

reason for that is because AF affects the plasma membrane 

and leads to the loss of optional permeability feature and this 

explains the reason for the water exodus out of the cells and 

that leads eventually to cell death28. 

 

The data in table 2 showed that the concentration of AF 0.5 

µg of the isolate AFM12 might be prevalent significantly to 

give the highest percentage inhibition of cells amounting to 

50.74 % but had an insignificant difference when compared 

with a concentration of 0.25 µg in which the inhibition rate 

fell to 38.89 %, while differing significantly from all other 

concentrations in which the inhibition rate decreased 

significantly (P < 0.05) until the concentration of 0.007813 

which gave lesser inhibition of cell rate of 5.86 %.  

 

The AFM14 concentrations have outperformed 0.5, 0.25, 

0.125 µg giving the highest percentage of cell inhibition 

46.51, 52.46, 53.28, respectively while the rate of inhibition 

of cells gradually decreased with the low concentration of 

AF. Continuous exposure to AF and various concentrations 

may cause immunosuppression29, another mechanism of 

action of AFs involves the inhibition of DNA synthesis30. 

 

The study suggested that HPLC is a standard and superior 

technique in identifying and analyzing AF with high 

sensitivity and accuracy. Further, the concentration 1 μg /ml 

of AF extracted from the aflatoxigenic isolates can kill 100% 

of hematopoietic stem cells. 
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