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The objective of this study concerns whether there is  any biochemical 

changes of the Red Blood Corpuscles (RBC) of human blood by using 

different concentrations (in micro molar) of Aflatoxin B1 (AflB1) and 

to determine the changes using the collision energy.  RBC from the 

human blood was treated by AflB1at different time interval and the 

respective samples have been characterized by optical microscope 

followed by UV-Vis spectrophotometer and Fourier Transform Infra 

Red spectroscopy (FTIR). From the optical microscope data it has been 

noticed that the structure of the RBC is altered which is supported by 

the scanning electron microscope (SEM) pronouncedly. In the results 

studied by FTIR, some unconventional peaks have found and from 

these data we conclude about the typical bonding nature between the 

atoms involving in Hb and AflB1 chemical structure. The bonding of 

the newly formed structure is quite similar to that of the Aflatoxin G1 

(AflG1) and after a period of time again the structure of the AflB1 

(which initially added to the sample) returns back.  According to our 

study the phenomena relating to the returning of the AflB1 structure is 

not only a factor of concentration of AflB1 added but also depends 

upon the duration of biochemical interaction of AflB1 with Hb. The 

change in collision energy due to structural deformation of Aflatoxin 

can easily be calculated from FTIR spectra data. 
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Introduction:- 
Low exposures to the toxic materials are the huge threat to the living world. RBCs are found to be the best clinical 

bed to observe the toxicity of any material. Some metal like lead, cadmium, mercury and arsenic are the prime toxic 

metals affecting the human body as well as other living beings. They mainly acts as the Hydroxyl (OH
-
), super oxide 

(O2
-
) and hydrogen peroxide (H2O2) forms for the toxicity [1] though some metal oxide has found to be effective in 

some diseases causes by parasites, fungi [2]etc. The toxic materials have the direct interaction with the protein 

synthesis of the body [3].The textile dye which is found as a threat for the water lives as it mainly acts on the oxygen 

supply to the lives and some changes have also been found in the blood component of them [4]. It can be easily 

established from the extensive studies on the effect of different toxic materials on the lives mainly on the blood of 

any living being. As the distribution of every essential molecules like enzymes, hormones etc. are carried by the 

blood, there should have some conformational modification of the blood [5-9]. The cytotoxic elements also carried 
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by the bloodand for the effects of them are concluded based on the blood test report. Free radical generation may 

have some contribution on these types of effect in the blood. There may be the contribution of other charged 

particles carried by blood like Na
+
, K

+,
 and group of the halogens and other non metals [10]. The conformational 

changes of RBCs mainly occur due to the presence of iron and the Heme protein which take part in the interaction 

with the foreign materials. As the mature RBCs are anucleated [11] they are unable to protein synthesis and hence 

the conclusions have been made that the virus cannot invade them [12]. 

 

Aflatoxins are found to be a potent cytotoxic compond for the food and the feed product, produced by the 

Aspergillusflavus and Aspergillusparasiticus [13] found in the corn, peanuts, and other crops and grains [14] and 

also in the animal feed [15]. Aflatoxin B1 (AflB1) has found to be the most hazardous among all mycotoxin in the 

group of Aflatoxin G1, G2, B1, B2 and there is no threshold concentration for its toxic effect and also a potent 

carcinogen for the Hepatocelular Cancer i.e liver cancer [16]. It is also establishedthat Aflatoxin (in any form) has 

the contribution for the causes of embryotoxicity [17], genotoxicity[18], teratogenicity[19] etc in animals. Epithelial 

exposure to the AflB1 can lead to the major health risk [20]. Most of the studies so far have shown the effect of 

AflB1 in protein and DNA levels. FTIR analysis is agood tool for the study of effect of AflB1 on different food and 

feed products [21].  

 

RBCs are consisting of hemoglobin which is a complex protein containing heme groups whose iron (Fe) atoms are 

responsible for the binding with other atoms [22]. RBC are anucleated i.e. it lacks a nucleus [23,24] and are a well 

frame to work with for the studies of the interaction and the bond formation of AflB1 with the metalloproteins 

contain in RBCs.The possibility of these interactions might explain with the tertiary structure of proteins, mainly in 

heme proteins where the electronegative group is the back bone of the hemoglobin [25-32].  Some experimental 

studies showed that there are various mechanismstocollect the iron from the environment in useful form like 

insoluble ferric iron (Fe+3) to the soluble ferrous form (Fe+2) [31, 32].  

 

Analysis for aflatoxin in foods is a very important practice to ensure food quality and safety and to eliminate the risk 

of consuming contaminated foods. Hence, being able to sensitive detection of the affecting bond between this 

mycotoxin present in foods and drinks and the human body is a priority to comply with the legislative limits set by 

food authorities worldwide. This may lead us for the study of detoxification of AflB1 in human cells. Main objective 

of our study is to characterize the bonds between two i.eHb and AflB1 and to determine the transition of the state of 

Fe in respect to the bond found in the UV-Vis and FTIR so far which helps the researchers to get some idea about 

the nature of the bond and find the way out to revive the affected samples in a good conditions.  

 

Materials and Methods:- 
Materials: we have used the chemicals PBS buffer, NaCl, 1% Methanol as a solvent ,AflB1 from Sigma –Aldrich. 

Distilled water and isolated the RBC with the standard Protocol [33]. 

 

RBC isolation:- 

First draw the whole blood by a syringe and centrifuge whole blood at 500xg for 10 min at 4 degrees Aspirate 

supernatant (plasma) and add cell wash buffer to erythrocyte pellet. Centrifuge (Eppendorf) erythrocytes at 500xg 

for 10 min at 4 degrees C. Aspirate supernatant and add cell wash buffer to erythrocyte pellet. Repeat steps 3 and 4 

two more times for a total of 3 washes of the erythrocytes. 

 

NaCl solution Preparation:- 

4.5 g NaCl (mw 58.44) is mixed with350 ml deionized or distilled water in clean container then the water was added 

to bring total solution volume to 500 ml. 

 

Different concentration of AflB1 solution preparation:- 

A stock solution of 20 μM concentrations was prepared by dissolving 5mg Aflatoxin in 8 ml Methanol (1%). This 

particular concentration of methanol has found to be harmless on the cells [34] and solution has prepared of three 

different concentration 10µM, 5µM, 2.5µM 

 

Methods:- 

Treatment with AflB1:- 

Isolated RBCs are then treated with different concentration of AflB1 and Incubated for different time frame like, 3 

hours, 6hours, 12 hours, 24 hours, 48 hour in a CO2 incubator. 

https://en.wikipedia.org/wiki/Aspergillus_flavus
https://en.wikipedia.org/wiki/A._parasiticus
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Microscopic analysis:- 

After incubation of different time frame the RBCs are examined under the microscope (Nikon Eclipse Ti (cursive) 

inverted microscope) and the pictures are taken in 40X magnification. 

 

SEM:- 

A field emission scanning electron microscopy (FE-SEM) study was performed to characterize and determine the 

morphology of the treated RBCs. A thin layered RBC sample was coated with a carbon under high vacuum and 

examined by FE-SEM (Carl Zeiss Supra SEM instrument). 

 

UV-Vis analysis:- 

After the incubation period the RBCs are treated with the 0.9% NaCl, a hypertonic solution and again incubated for 

1 hour. After this, the solution was centrifuged in 6000 rpm for 6 minutes and the supernatant is collected and 

analyzed in UV-Vis spectroscope (JASCO). 

 

FTIR:- 

After each incubation KBr plate is prepared with the solution and the FTIR (JASCO) analysis is done. 

 

Result and Discussion:- 
SEM Analysis:- 

Fig:1:  shows the images ofFE-SEM from which it is clear that there is a change in size as well as the shape of RBC 

which occur definitely for the biochemical interaction of Hb with the added AflB1. 

 

SEM Analysis: 

 
Fig:1:- (a)Normal RBC, after treatment of 6 hours (b) 10µM concentration,(c) 5µM concentration,(d) 2.5µM 

concentration 

 

UV-Vis analysis:- 

The study of UV-Vis shows a broad peak on the edge of red (of the visible spectrum) which is obvious and the 

results of UV-Vis spectroscopy ensure that the changes in these biochemical reactions are dominated by the 

structural change and this can be explained properly by the FTIR analysis which are discussed below. The analytical 

graph has shown in Fig 2 which has shown a gradual decrement of peaks with the decrement of the concentration of 

AflB1 (Fig 2: (a), (b), (c)). Most of the peaks were near to the IR range in Fig 2. 

 
 

a b c d 
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Fig 2:- 

(a) UV-Vis Result for 10µM concentration in different time frame (3hr, 6hr,12hr, 24hr)(b)UV-Vis Result for 5µM 

concentration in different time frame (3hr, 6hr,12hr, 24hr) 

(c) UV-Vis Result for 2.5µM concentration in different time frame (3hr, 6hr,12hr, 24hr) 

 

FTIR analysis:- 

The unconventional peak has found along with the suppression of characteristics peaks of AflB1 in those samples 

which are incubated for 6 hours for the concentrations of 10µM and 5µM both and these peaks are surprisingly 

disappeared at 24 hours of incubation. But in the case of 2.5µM the coexistence of unconventional peaks and 

characteristics peaks of AflB1 occur for different times of incubation of the study. From these results it can be 

concluded that the free radical of the Hb has changed the structure of the AflB1 and again after certain time the 

structure revived. So far the molecular structure of different forms of Aflatoxins, the conclusions have been made 

that the unconventional peaks are due to the formation of AflG1 from AflB1 and as the review is concerned [35] the 

scale of toxicity of AflB1 is more than that of AflG1 and this is a good achievement of this work so far reported. 

One more important findings of this study is that the change in internal energy (preferably known as collision 

energy) of the structure of AflB1 to AflG1 calculated based on the peaks found in our FTIR data isfairly in 

agreement with the data reported by ref 35 who are estimated the collision energy value from another experiments 

like mass spectrographs etc. 
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Fig:3:- FTIR results of (a) 10µM concentration in different time frame(3hr, 6hr, 12hr, 24hr) (b)5µM concentration 

in different time frame(3hr, 6hr, 12hr, 24hr) (c) 2.5µM concentration in different time frame(3hr, 6hr, 12hr, 24hr) 

 

Conclusion:- 
An important conclusion can be made that FTIR is a very good and appropriate technique to estimate about the 

change in collision energy for any structural change of these types of toxic materials than the other methods and so 

far our review is concerned this is the first ever reported. 
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