
MBE, 19(3): 2985-2995. 

DOI: 10.3934/mbe.2022137 

Received: 05 November 2021 

Revised: 28 December 2021 

Accepted: 29 December 2021 

Published: 17 January 2022 

http://www.aimspress.com/journal/MBE 

 

Research article 

A mathematical model for imaging and killing cancer cells by using 

concepts of the Warburg effect in designing a Graphene system 

Massimo Fioranelli1, Hijaz Ahmad2,3, Alireza Sepehri4,*, Maria Grazia Roccia1 and Faissal Aziz5 

1 Department of Human Sciences, Guglielmo Marconi University, Via Plinio 44, Rome 00193, Italy 
2 Information Technology Application and Research Center, Istanbul Ticaret University, Istanbul 

34445, Turkey 
3 Department of Mathematics, Faculty of Humanities and Social Sciences, Istanbul Ticaret University, 

Istanbul 34445, Turkey 
4 Istituto Terapie Sistemiche Integrate, Via Flaminia 449, Rome 00181, Italy. 
5 Laboratory of Water, Biodiversity, and Climate Change, Faculty of Sciences Semlalia, Cadi Ayyad 

University, B. P. 2390, Marrakech 40000, Morocco 

* Correspondence: Email: alireza.sepehri2017@gmail.com. 

Abstract: According to the Warburg effect, there are some significant differences between  metabolisms, 

products and process of respirations of cancer cells and normal cells. For example, normal cells absorb 

oxygen and glucose and give water molecules, carbon dioxide, ATP molecules and some number of 

spinors; while cancer cells take glucose and give lactate, less number of ATP molecules and different 

number of spinors. Using this property, we can design a system from two graphene sheets that are 

connected by pairing the fourth free electrons of carbons. Then, we can break some pairs and produce 

some holes. The number of these holes should be equal to the number of  radiated spinors by normal 

cells. Near a normal cell, all holes are filled and the graphene system doesn’t emit any electrical current 

or wave. However, near a cancer cell, some extra holes or spinors remain that their motions produce 

some electrical currents. These currents force on cancer cell membranes and destroy them and 

consequently, cause the cell death. Also, these currents emit some electromagnetic waves which detectors 

could take them out of the human’s body and consequently, they could play the main role in imaging. 
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1. Introduction  

Around 100 years ago, Heinrich Warburg discovered a new mechanism for cancer cell respiration 

called the Warburg effect. The Warburg effect is a form of modified cellular metabolism found in cancer 

cells, which tend to favour a specialized fermentation over the aerobic respiration pathway that most 

other body cells prefer [1,2]. In this mechanism, the final product of glycolysis, pyruvate, is converted 

into lactate and compared to the normal cellular respiration, fewer numbers of adenosine triphosphate 

(ATP) are produced [3]. In fact, the metabolism of cancer cells is used to facilitate the uptake and 

incorporation of nutrients into the biomass (e.g., nucleotides, amino acids and lipids), which are needed 

for creating a new cancer cell [3–8]. Now, the question arises of how the Warburg effect is regulated? 

Some authors showed that transcription factor SIX1 directly increases the expression of many glycolytic 

genes, promoting the Warburg effect and tumour growth in vitro and in vivo. In addition, SIX1 regulates 

glycolysis through HBO1 and AIB1 histone acetyltransferases [5]. Besides this consideration, some 

other authors indicated that several factors could be involved in occurring Warburg effect; still, the roles 

of non-coding RNAs (ncRNAs) are highlighted in several types of human cancer. The ncRNAs, 

including microRNAs, long non-coding RNAs and circular RNAs can all affect metabolic enzymes and 

transcription factors to promote glycolysis and modulate glucose metabolism to enhance the progression 

of tumours [6]. These studies and many other parallel investigations could describe some aspects of the 

Warburg effect. However, the origins of some other aspects are unclear. In another study, it has been 

shown that the Warburg effect provides the best opportunities to develop therapeutic strategies to 

preferentially kill cancer cells by targeting the glycolytic pathway [7]. 

On the other hand, this effect could be the origin of the difference in radiating waves by cancer and 

normal cells, which could be used in imaging techniques. That’s could be achieved by taking radiated 

waves from cancer cells by some electronic devices and comparing them with radiated waves from 

normal cells. If observed waves are different from what is expected, it means that some non-desired 

events occur. For example, a tumour may have emerged. 

The differences between cancer and normal cellular respirations cause a significant difference in 

the production of ions, H+, charges and electrons. These differences lead to radiated waves by charges 

around cancer and normal cells [8,9]. The waves could be detected by nano-systems like graphene 

sheets [10–12]. Graphene sheets have the potential to produce free radicals [13]. These radicals may 

have at least one unpaired valence electron. These electrons could carry or emit some waves. Thus, they 

could capture cellular waves and send them to scopes out of the human’s body. 

For this reason, they have many applications in imaging and curing diseases [14–21]. These free 

electrons could act like receivers and absorb radiated waves by cancer cells, strengthen them and send 

them towards some special detectors out of the human’s body. Thus, graphene sheets could help humans 

to diagnose tumours. On the other hand, one can design a graphene system that acts like a bomb or a 

weapon against cancer cells and destroy their membranes by shooting electrons. In this research, we 

propose a model for graphene systems that could be used in imaging and killing cancer cells. These 

systems are built from two graphene sheets which their electrons are paired. Then, we break some pairs 

and produce some holes. The number of these holes should be equal to the number of emitted charges by 

normal cells. Consequently, cancer cells emit different numbers of charges and extra electrons or holes 

remain. These charges produce some currents and emit some waves. These waves are taken by scopes 

https://en.wikipedia.org/wiki/Otto_Heinrich_Warburg
https://en.wikipedia.org/wiki/Cellular_metabolism
https://en.wikipedia.org/wiki/Cancer
https://en.wikipedia.org/wiki/Aerobic_respiration
https://en.wikipedia.org/wiki/Adenosine_triphosphate
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/warburg-effect
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/six1
https://www.sciencedirect.com/topics/medicine-and-dentistry/histone-acetyltransferase
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out of the body and show non-desired events like the emergence of cancers. Also, these currents and 

extra charges destroy the cancer cell membranes and kill them. 

The outline of this paper is as follows: In Section II, we will propose a theoretical model for 

designing a graphene system by using concepts of the Warburg effect. Then, we will argue about the 

applications of this system in imaging. Finally, in section III, we will formulate the model and obtain 

direct electrical currents and magnetic fields around biological cells. 

2. Materials and methods 

2.1. The model: The Warburg effect, cancer cell waves and graphene sheets 

The Warburg effect gives us the best opportunities to diagnose cancers at initial stages and then kill 

them before metastasis and spreading. This effect states that the respiration process in cancer cells is 

different concerning respiration and the metabolism process in normal cells [22]. Normal cells absorb 

glucose and oxygen and give water molecules, carbon dioxide, ATP and some ions and spinors like H+ 

and electrons (Figure 1): 

Normal Cell: 𝐺𝑙𝑢𝑐𝑜𝑠𝑒 +  𝑂2 + ⋯ … → 𝐶𝑂2  +  𝐻2𝑂 + 𝑦 𝐴𝑇𝑃 + 𝑤 𝑠𝑝𝑖𝑛𝑜𝑟𝑠 + ⋯ …            (1) 

 

Figure 1. Metabolism and respiration of normal cells. A normal cell could take glucose, 

oxygen, and other matters and give carbon dioxide, water molecules, ATP, other ions, 

spinors and charges [1–8]. 
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While cancer cells mostly absorb glucose and some other matters and give more lactate and some 

spinors, including electrons or H+ (Figure 2): 

𝐶𝑎𝑛𝑐𝑒𝑟 𝑐𝑒𝑙𝑙: 𝐺𝑙𝑢𝑐𝑜𝑠𝑒 + ⋯ →  𝑃𝑦𝑟𝑢𝑣𝑎𝑡𝑒 + ⋯ . . → 𝐿𝑎𝑐𝑡𝑎𝑡𝑒 + 𝑥 𝐴𝑇𝑃 + 𝑧 𝑠𝑝𝑖𝑛𝑜𝑟𝑠 ….         (2) 

Number of charges, ions and spinors (H+ and electrons) which are radiated by cancer cells and 

normal ones are different : 

𝐷𝑖𝑓𝑓𝑒𝑟𝑒𝑛𝑐𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑝𝑖𝑛𝑜𝑟𝑠 𝑖𝑛 𝑐𝑎𝑛𝑐𝑒𝑟 𝑎𝑛𝑑 𝑛𝑜𝑟𝑚𝑎𝑙 𝑐𝑒𝑙𝑙𝑠 =  

𝑛 𝑠𝑝𝑖𝑛𝑜𝑟𝑠 = |[𝑧 − 𝑤]|𝑠𝑝𝑖𝑛𝑜𝑟𝑠                                         (3) 

 

Figure 2. Some differences in metabolisms of cancer and normal cells: Normal cells could 

take glucose and oxygen and give CO2, H2O, spinors and ions; while cancer cells take 

glucose and give lactate and different numbers of spinors and ions with respect to normal 

ones [1–8]. 

This difference in the number of spinors and charges could help us to propose a new model for 

imaging cancer cells. Because, spins of spinors produce some magnetic fields, differences in number of 

spinors cause differences in magnetic fields around cancer and normal cells. To detect these waves, we 

should use some nanostructures. The best nanostructure could be graphene because it includes 

hexagonal molecules which each molecule is formed from six carbons. Each carbon has four free 

electrons which only three of them should be confined with electrons of three other carbons and one 

electron could be free (Figure3). Forth free electrons of carbons within a sheet could be paired with the 

fourth free electrons of carbons in the second sheet (Figure 4). This system could be used as a detector in 

imaging cancer cells. To this aim: 

1) At the first stage, we connect the fourth free electron of carbons in one sheet with the fourth free 

electron of carbons in the second sheet and make a system of two connected graphene sheets. 

2) At the second stage, we break some connections between the free electrons of two sheets and 

produce some holes. The number of these holes should be equal to the number of radiated spinors by 

normal cells: 

Number of holes between coupled graphene sheets = Number of spinors around normal cells     (4) 
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3) We put this graphene system near a cell in the third stage. In normal cells, holes are filled by 

spinors around normal cells and radiated currents become zero. We have: 

𝐽𝑖𝑛 = 𝑄0  𝑉                                                                          (5) 

Jin is the electrical current produced by spinors around normal cells and before the graphene system, 

the Q0 charge of spinors and V is their velocity. 

Spinors could be electrons or H+. These spinors have different charges. Electrons could fill Holes; 

however, H+ couldn’t be used directly in filling holes. Instead, these spinors could interact with other 

ions and free some electrons. These new free electrons may fill holes. 

On the other hand, a H+ that moves in one direction could act like an electron that moves in a 

reverse direction. Then, maybe, some ( H+ )s interact with some free electrons within the graphene sheet, 

cancel their charges and spins and remove holes. Thus, we can write: 

𝐽𝑓 = 0                                                                           (6) 

 

Figure 3. A graphene sheet. This sheet is built from hexagonal molecules. Each molecule 

has six atoms of carbon.  Each carbon has four electrons, forming covalent chemical bonds 

by four electrons of other atoms. Sometimes, some of these electrons could be paired with 

atoms like oxygen or OH and make graphene oxide [23]. In our model,  some of the 

electrons in one sheet are paired by someones in other sheets. Consequently, two sheets 

could be connected. 

 

 

 

https://en.wikipedia.org/wiki/Covalent_bond
https://en.wikipedia.org/wiki/Chemical_bond
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Figure 4. Two connected graphene sheets. 

4) Around a cancer cell, the number of spinors is changed and some extra electrons or H+ ( H+ )s 

have emerged. Thus, concerning the normal state, two new states may have emerged (Figure 5): 

a) All holes within the graphene system are filled, and some extra charges remain. These charges 

interact with electrons and break pairs. Consequently, charges move, and some electrical currents are 

produced.  

𝐽𝑓 = 𝑄′𝑉′ 

𝑄′ = 𝑄0  − 𝑄0  + 𝑞𝑒𝑥𝑡𝑟𝑎                                                          (7) 

b) Some holes within the graphene system remains. Charges around cells fill these holes. This 

causes that charges move and some currents have emerged. 

𝐽𝑓 = 𝑄"𝑉" 

𝑄" = 𝑄 − 𝑄0                                                                      (8) 
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5) Currents that are produced by graphene holes have two effects: 

a): Currents move, force into cancer cells and kill them. 

b): Currents emit some magnetic waves, which detectors may detect out of the human’s body (Figure 5). 

 

Figure 5. A mechanism for killing cancer cells using graphene systems and the Warburg effect. 

3. Results 

This section considers the model mathematically and calculates forces and magnetic fields. To 

begin, we remember a relation between a magnetic field and spin: 

𝐵𝑒~ 𝑆𝑒                                                                                         (9) 

where 𝐵𝑒 is the magnetic field of an electron and 𝑆𝑒 is it’s spin. Above equation shows that there is a 

direct relation between spins of spinors like electrons and atoms and their emitted magnetic fields. For a 

pair of electrons with up and down spins, magnetic fields become approximately zero: 

𝐵𝑝𝑎𝑖𝑟~ 𝑆𝑝𝑎𝑖𝑟 ~ 𝑆𝑒,𝑢𝑝 − 𝑆𝑒,𝑑𝑜𝑤𝑛~ 0                                                (10) 

However, by adding a third free electron to this system, the magnetic field finds a relation with a spin of 

extra particles: 

𝐵𝑡𝑟𝑖~ 𝑆𝑡𝑟𝑖 ~ 𝑆𝑓𝑟𝑒𝑒 +  𝑆𝑒,𝑢𝑝 − 𝑆𝑒,𝑑𝑜𝑤𝑛~ 𝑆𝑓𝑟𝑒𝑒                                           (11) 

Thus, the total magnetic of a graphene sheet could be obtained by summing over spins of free 

electrons. If we suppose that all spins are in one direction, then we can write: 
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𝐵𝐺𝑟𝑎𝑝ℎ𝑒𝑛𝑒~𝑛𝐵𝑡𝑟𝑖~ 𝑛𝑆𝑡𝑟𝑖 ~𝑛[ 𝑆𝑓𝑟𝑒𝑒 +  𝑆𝑒,𝑢𝑝 − 𝑆𝑒,𝑑𝑜𝑤𝑛]~ 𝑛 𝑆𝑓𝑟𝑒𝑒                         (12) 

where n is the number of free electrons within a graphene sheet and could depend on the grahene system 

sizes and quantum parameters (n {graphene sheet sizes and quantum parameters}).  When the number of 

spins increases, their related magnetic fields grow. Using the above magnetic field, we can obtain the 

energy density of a graphene sheet 

𝐔 Graphene  →  
[𝐵𝐺𝑟𝑎𝑝ℎ𝑒𝑛𝑒]𝟐

𝟐 µ𝟎
→  

[ 𝑛 𝑆𝑓𝑟𝑒𝑒]𝟐

𝟐 µ𝟎
                (13) 

Multiplying above energy density by graphene molecular volume, one can obtain the below energy: 

E Graphene  = 𝐔 Graphene   VGraphene                                                                           (14) 

where 

VGraphene ≈ 
𝑛

2
RHexagon [RHexagon + x]cos (

𝜋

6
)[LGraphene + x]                                    (15) 

RHexagon is the radius of the hexagonal molecule, LGraphene (x) is the separation distance between 

sheets and x is the oscillation parameter. In fact, graphene sheets interact with each other and open or 

close with the value of x. Substituting results of Eqs (13) and (15) in Eq (14) gives: 

E Graphene  ≈
[ 𝑛 𝑆𝑓𝑟𝑒𝑒]𝟐

𝟐 µ𝟎

𝑛

2
RHexagon [RHexagon + x]cos (

𝜋

6
)[LGraphene + x]                             (16) 

where LGraphene could be a function of x (LGraphene (x) = l0 + g (xn)). The above energy depends on 

graphene sheet sizes, number and length of spins. Taking derivative respect to x from energy gives the 

below force approximately: 

F Graphene  =  
d  𝐸𝐺𝑟𝑎𝑝ℎ𝑒𝑛𝑒    

𝑋
≈  KGraphene x   +  constant                                        (17) 

where  

KGraphene ≈
[ 𝑛 𝑆𝑓𝑟𝑒𝑒]𝟐

𝟐 µ𝟎

𝑛

2
 [RHexagon] cos (

𝜋

6
)                                                  (18) 

The above force is related to oscillations of graphene sheets and depends on the number of spins 

and graphene sheet sizes. Using the above equation, we can obtain the below frequency and time period: 

ν e ≈  
1

2π
[

𝐾Graphene

𝑀𝑒
]

1

2 =
1

2π
[

[ 𝑛 𝑆𝑓𝑟𝑒𝑒]𝟐

𝟐 µ𝟎

𝑛

2
 [𝑅𝐻𝑒𝑥𝑎𝑔𝑜𝑛] cos (

𝜋

6
)

𝑀𝑒
]

1

2 →  

𝑇𝑒~
1

ν𝑒
 =  2π[

𝐾Graphene

𝑀𝑒
]

−1

2 = 2π[

[ 𝑛 𝑆𝑓𝑟𝑒𝑒]𝟐

𝟐 µ𝟎

𝑛

2
  [𝑅𝐻𝑒𝑥𝑎𝑔𝑜𝑛] cos (

𝜋

6
)

𝑀𝑒
]

−1

2                            (19) 

where Me is the electron mass, using the above time, we can obtain the velocity of electrons between 

two sheets: 
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𝑉𝑒~
2𝐿𝐺𝑟𝑎𝑝ℎ𝑒𝑛𝑒

T𝑒
 =  

2𝐿𝐺𝑟𝑎𝑝ℎ𝑒𝑛𝑒

2π
[

[ 𝑛 𝑆𝑓𝑟𝑒𝑒]𝟐

𝟐 µ𝟎

𝑛

2
  [𝑅𝐻𝑒𝑥𝑎𝑔𝑜𝑛] cos (

𝜋

6
)

𝑀𝑒
]

1

2                               (20) 

This velocity depends on graphene sheet sizes and the number of spinors. Motions of charges 

produce a current which has the below relation with velocity and charge (Q) 

𝐽𝑒,1~𝑄 𝑉𝑒~ 𝑄
2𝐿𝐺𝑟𝑎𝑝ℎ𝑒𝑛𝑒

2π
[

[ 𝑛 𝑆𝑓𝑟𝑒𝑒]𝟐

𝟐 µ𝟎

𝑛

2
  [𝑅𝐻𝑒𝑥𝑎𝑔𝑜𝑛] cos (

𝜋

6
)

𝑀𝑒
]

1

2                              (21) 

If the number of holes are bigger or less than emitted spinors by cells, this current becomes free and 

collides with cells. This collision produces a force that depends on a number of spinors (n), their masses 

(𝑀𝑒) and velocity (𝑉𝑒): 

𝐹𝑒,1~𝑛 𝑀𝑒 𝑉𝑒~ 𝑛 𝑀𝑒
2𝐿𝐺𝑟𝑎𝑝ℎ𝑒𝑛𝑒

2π
[

[ 𝑛 𝑆𝑓𝑟𝑒𝑒]𝟐

𝟐 µ𝟎

𝑛

2
  [𝑅𝐻𝑒𝑥𝑎𝑔𝑜𝑛] cos (

𝜋

6
)

𝑀𝑒
]

1

2                         (22) 

The above force depends on graphene sheet sizes and the number of spinors. In addition to this 

force, electrical currents could produce an extra magnetic field so: 

𝐵𝑒,2~
𝜇

2π𝑅𝐺𝑟𝑎𝑝ℎ𝑒𝑛𝑒
𝐽𝑒,1~

𝜇

2π𝑅𝐺𝑟𝑎𝑝ℎ𝑒𝑛𝑒
𝑄

2𝐿𝐺𝑟𝑎𝑝ℎ𝑒𝑛𝑒

2π
[

[ 𝑛 𝑆𝑓𝑟𝑒𝑒]𝟐

𝟐 µ𝟎

𝑛

2
  [𝑅𝐻𝑒𝑥𝑎𝑔𝑜𝑛] cos (

𝜋

6
)

𝑀𝑒
]

1

2           (23) 

This new magnetic field depends on graphene sheet sizes and the number of spinors or holes. In 

addition, this field interacts with charges and force on them: 

𝐹𝑒,2~𝑄 𝑉𝑒𝐵𝑒,2~
𝜇𝑄𝑉𝑒

2π𝑅𝐺𝑟𝑎𝑝ℎ𝑒𝑛𝑒
𝐽𝑒,1 

~
𝜇𝑄2

2π𝑅𝐺𝑟𝑎𝑝ℎ𝑒𝑛𝑒
[

𝐿𝐺𝑟𝑎𝑝ℎ𝑒𝑛𝑒

2π
[

[ 𝑛 𝑆𝑓𝑟𝑒𝑒]𝟐

𝟐 µ𝟎

𝑛

2
  [𝑅𝐻𝑒𝑥𝑎𝑔𝑜𝑛] cos(

𝜋

6
))

𝑀𝑒
]

1

2]2                               (24) 

The above force depends on electrical charge, graphene sheet sizes and the number of spinors or 

holes. This force and the previous one put pressure on the structure of cancer cells and destroy their 

membranes. We can build a neutral graphene system in front of normal cells while fully spinning against 

cancer cells and acting like a bomb for them. On the other hand, this graphene system produces several 

currents near cancer cells that emit magnetic waves. It is clear that by increasing graphene sheet sizes, 

the number of holes or extra spinors increases and stronger currents and fields have emerged. Some 

detectors could detect these fields out of the human’s body. 

4. Conclusions 

The Warburg effect shows that cancer cells have different products and metabolisms concerning 

normal cells. Both types of cells produce H+, electrons and other charges and spinors. However, the 

number of spinors radiated from cancer cells differs from the number of spinors around normal cells. 

We have used this property and theoretically designed a system for diagnosing cancer cells and their kill. 

In this system, we have used two graphene sheets. Each carbon has four free electrons in each sheet, 
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three of which are paired with three electrons of three other carbons and one free electron is paired with 

a free electron of carbons in the second sheet. Thus, two graphene sheets are coupled by pairing free 

electrons. Then, we break some pairs and produce some holes. The number of holes should be equal to 

the number of spinors around normal cells. Consequently, when this graphene system becomes close to 

a normal cell, all holes are filled and no current emerges. However, some extra holes or spinors remain 

near a cancer cell, move and produce currents. These currents kill cancer cells and send signals that 

observers take out of a human’s body. We have formulated the model and obtained the electrical 

currents, forces and emitted magnetic fields in terms of the number of holes and charges. 
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