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Abstract:  

There are many hormones and molecules in the human body. Many of these take place in different jobs 

and tasks. Some of these hormones are serotonin (A1), testosterone (A2), dopamine (A3), adrenaline (A4), 

methylcytosine (A5) and creatine (A6). The anti-oxidant properties of these molecules in both gas and 

water phases of the HF/6-31++G(d,p) basis set were calculated with the Gaussian package program. After 

this process, molecular docking calculations were made to compare the activities of molecules against 

proteins with anti-oxidant properties whose name are human peroxiredoxin-5 (HP5) and bovine xanthine 

oxidase (BXO), were compared. 
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1. Introduction 

Some of the compounds in the human body turn 

into free radicals, which have a high activity during 

biochemical reactions. Due to the high probability 

of free radical activity, it causes many damages to a 

cell or organs. To minimize these damages, it is 

necessary to inhibit these free radicals. Previous 

studies have shown that anti-oxidant compounds 

have been shown to prevent many chronic diseases 

such as cancer and heart disease [1-7]. Today, it is 

seen that many herbal substances are claimed to 

have antimicrobial, antidiabetic, anti-inflammatory 

and antioxidant properties in the treatment of 

various diseases [8-15]. In this study, the 

antioxidant properties of many hormones in the 

human body will be examined. Their names are 

serotonin (A1), testosterone (A2), dopamine (A3), 

adrenaline (A4), methylcytosine (A5) and creatine 

(A6). The structures of molecules are given in 

Figure 1, 2, 3, 4, 5, and 6. 

Adrenaline [16] is both a hormone and a drug, it is 

also known as epinephrine. The hormone 
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adrenaline (Epinephrine) is secreted in the core 

region of the adrenal glands in the human body. The 

task of this hormone in nature is to prepare the 

organism for emergency action. It shows its effect 

in the form of pulsation, the transfer of blood from 

the internal organs and the skin to the muscles, the 

change of glycogen in the liver to glucose, thereby 

providing an immediate source of energy. In case of 

excitement and fear, adrenaline secretion increases. 

It expands blood vessels. It reduces the feeling of 

pain. 

However, Androstenedione [17] is an androgenic 

steroid that occurs mostly in the erectile gland, 

which, despite being directly ineffective, converts 

into testosterone. Androstenedion is a 19 carbon 

molecule in the steroid structure, found in the 

adrenal gland, testicles and ovaries. 

Dopamine [18] is a naturally produced chemical in 

the body. In the brain, it acts as a neurotransmitter 

by activating dopamine receptors. Dopamine is also 

secreted from the hypothalamus and mixes with 

blood to act as a neurohormone. Its role as a 
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neurohormone is to suppress the secretion of 

prolactin from the anterior lobe of the pituitary 

gland. 

Serotonin (5-HT or 5-hydroxytryptamine) [19] is a 

neurotransmitter that gives a feeling of happiness, 

vitality and exhilaration in man. Depressive, tired, 

and bored mood is observed in the lack of human 

body. It is structurally included in the monoamine 

group and is synthesized from the tryptophan amino 

acid. When the chemical of serotonin is released in 

the brain, the blood vessels contract and contract; It 

expands as the level of serotonin decreases. The 

level of serotonin in the body is high before the 

migraine attack and it decreases after the attack. 

Testosterone [20] is a steroid hormone from the 

androgen group. In mammals, testosterone is 

produced primarily in males, testicles in males and 

females in the ovaries. To a small extent, it is 

secreted from the adrenal glands. It is a male sex 

hormone. 

Human Peroxiredoxin-5 (HP5) [21], mitochondrial 

is a protein that in humans is encoded by the HP5 

gene. In human cells, it has been shown that HP5 

can be localized to mitochondria, peroxisomes, 

cytosol. HP5 is identified by virtue of the sequence 

homologies to yeast peroxisomal antioxidant 

enzyme PMP20. On the other hand, bovine 

xanthine oxidase (BXO) [22] enzyme, this enzyme 

catalyzes the oxidation hypoxanthine to xanthine 

and can further catalyze the oxidation of xanthine 

to uric acid. This enzyme plays an important role in 

the catabolism of purines. Molecular docking 

calculations have been made using these two 

important anti-oxidant proteins. 

 
Figure 1. Atomic labeling of the serotonin 

molecule (A1) 

 
Figure 2. Atomic labeling of the testosterone 

molecule (A2) 

 
Figure 3. Atomic labeling of the dopamine 

molecule (A3) 

 
Figure 4. Atomic labeling of the adrenaline 

molecule (A4) 

 
Figure 5. Atomic labeling of the methylcytosine 

molecule (A5) 

 
Figure 6. Atomic labeling of the creatine molecule 

(A6) 

 

In this study, the anti-oxidant properties of the 

molecules were investigated by calculating the gas 

and water phase on the Hartree-Fock (HF)/6-

31++G(d,p) basis set using the Gaussian package 

program. Subsequently, the activities of the 

molecules against Human peroxiredoxin 5 (HP5) 

(pdb ID: 1HD2) [21] and Bovine Xanthine Oxidase 

(BXO) (pdb ID: 3NRZ) [22] enzyme proteins were 

examined. 

 

2. Method 

2.1. Gaussian study 

Theoretically, the process of comparing the anti-

oxidant activities of molecules requires calculating 

more than one thermodynamic parameter. These 

thermodynamic parameters are bond dissociation 
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enthalpy (BDE), proton dissociation enthalpy 

(PDE), proton affinity (PA), ionization potential 

(IP) and electron transfer enthalpy (ETE) [23-27]. 

In this study, 3 mechanisms were examined in the 

anti-oxidant study. The first one is the hydrogen 

atom transfer mechanism (HAT). 

 

R. + AH → RH + A.           (1) 

In this mechanism, the free radical molecule (𝑅. ) 

extracts a hydrogen from the anti-oxidant (𝐴𝐻) and 

converts the anti-oxidant into its free radical form 

(𝐴𝐻+.). To calculate the reactivity of the 

compound, it is necessary to calculate the bond 

dissociation enthalpy (BDE) of the A-H bond.  

The second mechanism is single electron transfer-

proton transfer (SET – PT). This mechanism 

consists of two consecutive reactions. In the first 

one, the removal of the electron from the AH occurs 

immediately after the proton transfer. 

 

𝑅. + 𝐴𝐻 → 𝑅− + 𝐴𝐻+.      (2) 

𝐴𝐻+. → 𝐻+ + 𝐴.                 (3) 

These two mechanisms are ionization potential (IP) 

and proton dissociation enthalpy (PDE) from 𝐴𝐻+. 

cation radical, respectively. 

The mechanism of the third and last reaction is 

again in two stages. These two mechanisms are 

called the SPLET (Sequential proton loss electron 

transfer) mechanism. 

 

𝐴𝐻 → 𝐴− + 𝐻+                 (4) 

𝐴− + 𝐻+ + 𝑅. → 𝐴. + 𝑅𝐻         (5) 

The reaction enthalpy of the first reaction is the 

proton affinity (PA) of the anion. The reaction 

enthalpy of the second reaction is abstraction of 

electron, namely electron transfer enthalpy (ETE). 

The enthalpies of the reactions for these five 

reactions are calculated from the formulas below. 

 

𝐵𝐷𝐸 = 𝐻(𝐴.) + 𝐻(𝐻.) − 𝐻(𝐴𝐻)        (6) 

𝐼𝑃 = 𝐻(𝐴𝐻+.) + (𝑒−) − 𝐻(𝐴𝐻)       (7) 

𝑃𝐷𝐸 = 𝐻(𝐴.) + 𝐻(𝐻+) − 𝐻(𝐴𝐻+.)       (8) 

𝑃𝐴 = 𝐻(𝐴−) + 𝐻(𝐻+) − 𝐻(𝐴𝐻)              (9) 

𝐸𝑇𝐸 = 𝐻(𝐴.) + 𝐻(𝑒−) − 𝐻(𝐴−)             (10) 

To calculate the numerical values in these formulas, 

GaussView 5.0.8, Gaussian09 AS64L-

G09RevD.01, [28,29] package programs were 

used. Calculations of anti-oxidant molecules were 

calculated in Hartree-Fock (HF) [30,31] with 6-

31++G(d, p) basis set in the gas and water phase. 

Besides, the gas phase enthalpies of the hydrogen 

atom, proton, and electron were -0.49765, 0.00236, 

and 0.00118 hartree, respectively [32,33]. 

 

2.2. Molecular docking 

In this study, molecular docking calculations to 

compare the biological activities of molecules were 

made using Maestro Molecular modeling platform 

(version 12.2) by Schrödinger. Proteins and 

molecules must be prepared for calculations. In the 

calculations, a different process is performed for the 

molecules at each stage. Firstly, it was used from 

Gaussian software program [29] to obtain 

optimized structures of molecules, which created 

files with the extension *.sdf using these structures. 

Using these files, all calculations were made with 

Maestro Molecular modeling platform (version 

12.2) by Schrödinger, LLC [34]. Maestro 

Molecular modeling platform (version 12.2) by 

Schrödinger comes together from many modules. 

In the first module used, the protein preparation 

module [35,36] was used to prepare the proteins for 

calculations. The crystal structures of these proteins 

have been downloaded from the protein data bank 

site. These proteins were initially minimized and 

water molecules in their crystal structures were 

removed. In the next step, the active regions of the 

proteins were determined for calculations, in which 

the proteins in this active region were given 

freedom of movement. Therefore, these proteins 

were enabled to interact with molecules more 

easily. In the next step, the LigPrep module [37,38] 

was used to prepare the working molecules for 

calculations. 

Calculations were performed to find high energy 

isomers in physiological pH values of new 

cyanopyridine derivatives containing 3D structures 

and the correct protonation conditions. In the next 

step, the prepared protein and molecules were 

docked with each other. The Glide ligand docking 

module [39,40] was used for this step. In this 

module, OPLS3e method was used in all 

calculations for docking calculations of molecule 

and proteins. The numerical value of many 

parameters obtained as a result of molecular 

docking calculations using this module is used.  

 

3. Result and discussion 

Theoretical studies are an important guide for 

experimental studies [41-45]. Because theoretical 

studies before experimental studies are used to 
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discover molecules with higher anti-oxidant 

properties. As a result of the theoretical 

calculations, a parameter and data about the 

molecules were obtained. In this way it was easier 

to design molecules with higher biological activity 

[46-47]. 

In this study, the anti-oxidant properties of the 

molecules in the human body were investigated. 

The anti-oxidant properties of these molecules were 

studied using the Gaussian package program. Many 

numerical values are obtained from the calculations 

made with the gaussian package program. These 

numerical values obtained are given in Table 1. 

For the anti-oxidant calculations of the molecules, 

it was done by removing hydrogen from the OH 

bond in the molecules. The parameters of all 

calculated anti-oxidant properties are given in 

Table 1 and 2. The parameters given in this table 

are calculated both in gas phase and water phase 

[25]. 

A molecule can have one OH bond or more OH 

bonds. The numerical value of BDE for the OH 

bond of the molecules is a parameter related to the 

HAT mechanism. The molecules with the 

numerical value of the smaller BDE parameter was 

found to have higher radical-scavenging activity. 

In the first step of the SET–PT mechanism, the IP 

value of these molecules is calculated. If a molecule 

has a lower IP value, it is known that the molecule 

has a higher ability to give electrons. In the second 

step of the SET–PT mechanism, PDE values are 

calculated. If a molecule has a lower PDE value, 

this means an easier reaction. Finally, the SPLET 

mechanism consists of two stages. In the first stage, 

PA parameter is calculated. if a molecule has a 

lower PA value, it indicates that the molecule has a 

higher proton affinity. In the second stage of 

SPLET, the ETE parameter is calculated. if a 

molecule has a lower ETE value, that molecule 

indicates an easier reaction [23-25]. 

 

Table 1. Anti-oxidant properties of Studies molecules in gas phase 

Molecule Atom BDE IP PDE PA ETE Spin value 

A1 O24-H 46.28 141.43 219.35 361.64 -0.86 -0.406 

A2 O47-H 69.03 165.67 217.87 375.56 7.97 -0.500 

A3 
O10-H 51.65 152.21 213.95 360.84 5.32 -0.394 

O12-H 45.49 152.21 207.78 348.49 11.51 -0.481 

A4 

O25-H 120.87 146.40 288.96 370.54 64.82 -0.796 

O10-H 50.02 146.40 218.12 363.33 1.20 -0.394 

O12-H 43.83 146.40 211.92 349.18 9.14 -0.486 

A5 O12-H 68.52 163.26 219.77 355.57 27.45 -0.324 

A6 O2-H 81.34 152.23 243.60 329.24 66.60 -0.626 

 

Table 2. Anti-oxidant properties of Studies molecules in water phase 

Molecule Atom BDE IP PDE PA ETE 

A1 O24-H 47.62 101.52 260.60 305.34 56.78 

A2 O47-H 74.49 133.72 255.27 326.15 62.84 

A3 
O10-H 49.80 109.90 254.40 303.55 60.74 

O12-H 47.27 109.90 251.87 298.89 62.88 

A4 

O25-H 103.28 109.45 308.33 317.28 100.51 

O10-H 49.40 109.45 254.45 303.33 60.57 

O12-H 46.95 109.45 252.00 298.54 62.91 

A5 O12-H 66.67 118.19 262.99 295.61 85.57 

A6 O2-H 71.38 108.47 277.41 284.18 101.71 

 

As a result of the calculations made, spin densities 

were calculated to examine the charge density of 

the molecules. Spin density values of the molecules 

are given below the atoms in Figure 7, 8, 9, 10, 11, 

and 12. The lower spin density shown on the atoms 

in the molecule indicates higher delocalization. 

Consequently, higher delocalization means easier 

radical formation. Being more radical as a result of 
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all these situations affects the stability of the radical 

and causes the formation of more stable radicals 

[25]. 

 
Figure 7. Spin density distributions of molecule 

A1 

 

 

 

 
Figure 8. Spin density distributions of molecule 

A2 

 
Figure 9. Spin density distributions of molecule A3 

 
Figure 10. Spin density distributions of molecule A4 

 

 
Figure 11. Spin density distributions of molecule 

A5 

 
Figure 12. Spin density distributions of molecule 

A6 

 

 



Turkish Comp Theo Chem (TC&TC), 4(2), (2020), 76-87 

Burak Tüzün 

81 

 

 
Figure 7. The interaction of the most active molecule with HP 5 proteins 

 

Figure 8. The interaction of the most active molecule with BXO proteins 
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Among the theoretical calculations made, the most 

reliable and accurate method used to compare the 

activities of molecules is molecular docking [48-

50]. This method compares the activities of 

molecules with their interactions with proteins. As 

the interaction between molecule and protein 

increases, the activity of the molecule increases 

[51-53]. These interactions have many interactions 

such as hydrogen bonds, polar and hydrophobic 

interactions, π-π and halogen [54-60]. These 

interactions are represented in Figure 13 and 14. 

Compared with molecular docking method to 

examine the anti-oxidant properties of molecules. 

Human peroxiredoxin 5 (HP5) (pdb ID: 1HD2) and 

Bovine Xanthine Oxidase (BXO) (pdb ID: 3NRZ) 

proteins were downloaded from the Protein Data 

Bank site for this comparison. 

The parameters obtained for these molecules as a 

result of the calculations are given in Table 3. 

Among these parameters obtained as a result of the 

calculations, the most important parameter showing 

the activity is the docking score. The molecule with 

the most negative numerical value of this parameter 

has higher activity [61-64]. Apart from that, many 

parameters have been calculated from which 

information can be obtained about the activities of 

the molecules. Glide hbond, Glide evdw, and Glide 

ecoul parameters are used to explain the 

interactions between molecules and proteins. The 

parameters showing the numerical values of the 

interaction between the molecule and the enzyme 

are Glide hbond, Glide evdw, Glide ecoul. On the 

other hand, Glide emodel, Glide energy, Glide 

einternal, and Glide posenum parameters are the 

numerical values of the exposure formed between 

the molecule and protein [65-69].

 

Table 3. Numerical values of the docking parameters of molecule against enzymes 

Protein Parameter A1 A2 A3 A4 A5 A6 

HP 5 

Docking score -4.61 -4.62 -5.26 -5.49 -4.65 -4.96 

Glide ligand efficiency -0.36 -0.22 -0.48 -0.42 -0.52 -0.55 

Glide hbond -0.22 -0.13 0.00 -0.32 -0.20 -0.39 

Glide evdw -15.39 -19.41 -10.36 -12.65 -14.79 -7.21 

Glide ecoul -9.85 -2.83 -16.46 -17.61 -4.86 -3.26 

Glide emodel -35.73 -29.38 -38.02 -43.38 -26.35 -24.42 

Glide energy -25.24 -22.24 -26.82 -30.27 -19.65 -10.47 

Glide einternal 1.53 0.00 5.80 7.03 0.00 1.34 

Glide posenum 368 169 398 73 304 119 

BXO 

 

Docking score -6.56 -5.04 -6.24 -7.87 -5.94 -6.57 

Glide ligand efficiency -0.51 -0.24 -0.57 -0.61 -0.46 -0.73 

Glide hbond -0.34 -0.61 -0.20 -0.32 -0.36 -0.50 

Glide evdw -24.38 -30.39 -16.03 -18.09 -13.35 -23.07 

Glide ecoul -9.81 -7.20 -18.91 -23.34 -21.41 -10.59 

Glide emodel -55.23 -48.94 -50.72 -61.12 -50.45 -46.34 

Glide energy -34.19 -37.58 -34.94 -41.43 -34.75 -33.65 

Glide einternal 2.07 0.63 1.06 3.87 2.17 0.00 

Glide posenum 334 75 361 340 109 267 

 
4. CONCLUSIONS  

As a result of the theoretical calculations made, the 

most active molecule in terms of both anti-oxidant 

activity and molecular docking calculations among 

these six molecules was the adrenaline numbered 

A4. These results showed that both the anti-oxidant 

properties of the molecules were examined and it 

was calculated that the molecule adrenaline had the 

best activity against the anti-oxidant proteins. 
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