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Abstract: Ethylene glycol (EG) is a toxic substance and EG metabolites cause metabolic acidosis. The major
emphasis in this study is to get rid of the toxicity of EG before conversion to its metabolites. The interaction
between ethylene glycol and ethanol has been studied using DFT (Density functional theory method). In
ethylene glycol metabolites in the blood; Glycolic acid is more stable and gloxal less stable. The interaction
of ethylene glycol with ethanol has been considered for ethylene glycol metabolism. Thermodynamic values
obtained from ethylene glycol metabolites and ethanol were also analyzed. According to the analyst results
of ethanol and ethylene glycol ratios; The maximum effective point is very stable in the blood and its
solubility is determined at this rate. It is very important to determine the most appropriate rate in the
prevention of toxicity. This study is an important study in terms of the use of ethanol in the prevention of

toxicity of EG, the first of its rates and in terms of preventing the loss of time and substance.
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1. Introduction

Ethylene glycol is the most important chemical
substance, having toxicity for the human body [1].
Especially, it is used as an antifreeze for automobile
industrial products and it causes central nervous
system depression and renal disorders [2]. A lot of
studies related to the toxicity of ethylene glycol
mechanism and its metabolites have been carried
[3-7]. While being exposed of ethylene glycol as
oral or skin, its destruction occurs in the liver [8].
Ethanol therapy may be applied to the patients
previously with decreased serum ethylene glycol
concentrations. While applying to the patient, the
ethanol concentrations in blood were regarded as
possible highly effective inhibition on ethylene
glycol metabolism as assumed from normal
acid/base parameters. However, the second
application of ethanol was the result of respiratory
arrest. During each application for that patient,
hemodialysis formed the main road of ethylene
glycol elimination [9-10].

Ethylene glycol is a toxic chemical found in
antifreeze, heat exchangers and industrial areas.
The standard applied therapy for its intoxication
with ethanol to inhibit its metabolism by alcohol
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dehydrogenase (ADH). If ethylene glycol is higher
in blood concentration,ethanol may be partially
based on the dehydration and a low urine output
with the inhibition of ADH metabolism [11]. It has
been determined that there is a linear correlation
between the binding energies of ethanol and
ethylene glycol substances and the center of the
surface d-band with increasing binding energy as
the d-band center approaches the Fermi level [12].
Babak et al. the conclusion drawn from his study;
At low ethylene glycol concentrations, hydrogen
bonding between ethanol and ethylene glycol
molecules and ethylene glycol at high
concentrations revealed that ethanol as a solvent for
ethylene glycol affects the reaction rate [13].The
metabolites of ethylene glycol are given in Figure 1
[7,8]. In this study, the rate of the substance we will
give to the metabolism without damaging against
toxicity that occurs with ethylene glycol and which
we may encounter in daily life is tried to be
determined based on the computational methods.

2. Materials and methods
The first principles, including electronic structures
and metabolites of EG, electronic correlation and
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Figure 1. Methabolism of ethylene glycol [7,8]

spin trajectory corrections, were studied by
theoretical methods. DFT, B3LYP methods are
used for geometry optimization. Adjustments were
made via 6-31 + g (d, p) functional [28]. The
thermodynamic values in blood have been
calculated by using the DFT method, and the
structure of the compounds was completely
optimized and their geometric structures were
determined and evaluated with these methods [17].
The structure of the compound has been optimized
at the B3LYP / 6-31G (d, p) level [25,26].
According to information obtained from the
literature for blood, its dielectric constant is 58 at
37 degrees Celsius [27].

3. Results and discussion

In Table 1; The Gibbs Free Energy, HOMO,
LUMO, (HOMO-LUMO) differences and the
metabolites of Ethylene glycol (Ethylene glycol,
Glycoldiide, Glyoxal, Glycolic acid, Glyoxalic
acid, Glycine, Formic acid, Carbon-dioxide, Oxalic
acid) and dipole moments of ethanol in blood were
given.

The energy required to remove an e- from the
molecule is called the lonization potential (I).

I = -Enomo

glycine

The ionization potential of Carbon Dioxide and
Oxalic acid in blood using DFT are 0.38135,
0.31608 eV. Looking at the values in Table 1, it is
higher than the others.

Electron affinity (A) is the name given to the
energy of a molecule attached to an e-.

A =-ELumo

Glyoxal's electron affinity in blood using DFT
was 0.12425 eV. Looking at the values in Table 1;
higher than others.

The electronegativity (X) of a molecule can be
called its power to accept an electron.

Chemical hardness (n) is known as the difficulty
of moving an electron in a molecule.

n=1-A/2[18].

In Table 1; The chemical hardness of glycolic
acid in blood using DFT is 0.143595 eV.

According to these values; Glycolic acid is the
most stable molecule.

Chemical softness (n) is determined as the
mobility of an electron in a molecule.

S=1/2n[19].
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Table 1 The Gibbs Free Energy, HOMO, LUMO, A (HOMO-LUMO) and Dipole
moments of Ethylene glycol’s methabolities (Ethylene glycol, Glycolaldyde, Glyoxal,
Glycolic acid, Glyoxalic acid, Glycine, Formic acid, Carbondioxid, Oxalic acid) and

Ethanol in blood

DFT

(Ethylene glycol’s  AG (Hartree) HOMO LUMO AHOMO- Dipol moment
methabolities in (eV) (eV) LUMO) (eV) (Debye)
blood)

Ethylene glycol -230.22536  -0.28880  0.00224  -0.28576 0.00400
Glycolaldyde -229.03408 -0.28101 -0.05306 -0.22795 3.79040
Glyoxal -227.83110 -0.28076 -0.12425 -0.15651 0.00020
Glycolic acid -304.28594 -0.30376 -0.01657 -0.28719 7.74040
Glyoxalic acid -303.08318  -0.29673  -0.11469 -0.18204 6.35300
Glycine -209.15804 -0.26198 -0.04882 -0.21316 3.99070
Formic acid -189.77155 -0.30859 -0.02412 -0.28447 5.22230
Oxalic acid -378.34002 -0.31608 -0.09385 -0.22223 6.67860
Carbondioxide -188.60252  -0.38135 -0.01349 -0.36786 0
Ethanol -155.009545 -0.28289 0.07820  -0.36109 2.2441

In Table 1; The chemical softness of Glyoxal in
the blood is determined as 6.389368 eV using DFT.
Glyoxal is the least stable and is the most reactive
molecule of ethylene glycol metabolites in blood.

The chemical potential (Pi) determined as the
negative of electronegativity is calculated as (X) Pi
=-(1+A/2).

Also, some researchers have reported the
electrophilic power of a molecule.

They expressed it as (= (Pi) 2/2 n [20- 22].

In Tablel; Electrophilic power of Glyoxal in
blood using DFT, 1.04807 eV.

Glyoxal is the most electrophilic ethylene
glycol metabolite in blood.

In their study; ethanol was used as an additive
into ethylene glycol-NaCl electrolyte solutions to
be adsorbed onto the surface of the electrode
because of its polarity [14]. Ethanol was preferred
for its many advantages such as lower toxicity,
higher energy density [15]. The surface binding of
ethanol and ethylene glycol was related to the O-H
bond cleavage [12]. The interaction of Ethylene
glycol -Ethanol’s values of HOMO, LUMO, A
(HOMO-LUMO) and Dipole Moment by using
DFT is given in Table 3.

The oxidation of the toxic alcohols such as
methanol, ethylene glycol to 50 mM was largely
inhibited by 20 mM ethanol [16]. At high ethylene
glycol concentrations, ethanol appears to be
involved as a solvent for ethylene glycol molecules,

and it can be concluded that hydrogen bonding and
hydrophobic interactions are between malachite
green and alcohol molecules. [13]. The free energy
values of Ethylene glycol -Ethanol rates in the
blood phase are given in Table 2.

The free energy values in Table 2: 0.00805
Hartree, 0.017874 Hartree, 0.014980 Hartree, The
free energy values for Ethylene glycol -Ethanol
separately and together;

We changed the rate of Ethanol; 1-Ethylene
glycol -2-Ethanol (together) and 1-Ethylene glycol
-2-Ethanol (separately) the free energy values were
higher than the other. The results of the
calculations;  1-Ethylene  glycol -2-Ethanol
(together),the value of  0.017874, was the
maximum effective point.

Pharmacologically, the toxicity of ethylene
glycol is attributed to their metabolites causing
severe acidosis and detected in patient plasma [23].
The interaction between Ethylene glycol -Ethanol

changes the electronic properties of the different
species involved. When they come together; charge
transference, structural modification and total
energy values also change. As regards this,
different ratios for Ethylene glycol -Ethanol in
blood were studied by using B3LYP/6-31G(d,p)
method to depict the different phases of the
reaction.

According to datas from table 1; the difference
between (Ethylene glycol + Ethanol ) and 1-
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Ethylene glycol -2-Ethanol was 0.017874 Hartree,
11.21609 kcal. mol?. Because of the hydrogen
bonding between Ethylene glycol and Ethanol, the

Gibbs free energy of 1-Ethylene glycol -2-Ethanol
changes as 11.21609 kcal. mol™.

Table 2 The free energy values of Ethylene glycol -Ethanol rates in blood phase
(The values are given as Hartree; 1 Hartree = 627.5095 kcal. mol?).

DFT (Blood) AG DFT(Blood) AG AG(Difference)
(Separately) Hartree (Together) Hartree Hartree
1Ethylene glycol + -385.23491  1Ethylene glycol - -385.22686 0.008050
1Ethanol 1Ethanol

1Ethylene glycol + -540.24446  1Ethylene glycol - -540.226586  0.017874
2Ethanol 2Ethanol

1Ethylene glycol + -695.25401  1Ethylene glycol - -695.227300  0.026710
3Ethanol 3Ethanol

On the other hand, the HOMO-LUMO rate of ethanol was determined exactly.Moreover,

difference of 1-Ethylene glycol -2-Ethanol was -
0.28029, It was indicated that 1-Ethylene glycol -2-
Ethanol was so stable, this stabilitywas from the
formation of hydrogen bond between Ethylene
glycol-ethanol This phenomenonwas emphasized
from the literatiire [13-16]. But in this study; the

dipole moment of 1-Ethylene glycol -2-Ethanol was
3.69211.The solubility of 1-Ethylene glycol -2-
Ethanol was better than the others. The efficiencies
of pharmacologicagents used in the treatment of
both cardiac and noncardiac diseases were
important assessments[29].

Table 3 The interaction of Ethylene glycol -Ethanol’s values of HOMO, LUMO, A (HOMO-LUMO) and

Dipole Moment By using DFT

DFT (Blood) HOMO DFT(Blood) LUMO A(HOMO- Dipol
(eV) (eV) LUMO) moment
(eV) (Debye)
1Ethylene glycol -  -0.28308 1Ethylene glycol -
1Ethanol 1Ethanol -0.00360 -0.27948  2.25360
1Ethylene glycol -  -0.28290 1Ethylene glycol -
2Ethanol 2Ethanol -0.00261 -0.28029  3.69211
1Ethylene glycol -  -0.27592 1Ethylene glycol -
3Ethanol 3Ethanol -0.00211 -0.27381 3.6372
In literatiire [12,13] as mentioned above; The  progressive  metabolic  acidosis  from  the

interaction between ethylene glycol and ethanol
was the hydrogen bonding and ethanol in large
quantity acted as a solvent. In this study; the rate of
ethylene glycol and ethanol interaction was
determined and hydrogen bond was shown in Fig3.
HOMO and LUMO respectively; It can be defined
as an electron donor and an electron acceptor, that
is, molecules with high Enomo are good electron
donors, while those with low E uymo energy are
good electron acceptors. [24]. So, the complexes of
1-Ethylene Glycol and 2-Ethanol were better
electron-donor and electron-acceptor, respectively,
than the other complexes. The negative results
show that HOMO-LUMO energy gap values
promisingly support the stability of the complexes
of 1-Ethylene Glycol and 2-Ethanol. After the
initial intoxication of ethylene glycol there could be

accumulation of acidic metabolites, caused to renal
failure, rhabdomyolysis and Oxylate chelates with
calcium,as a result of this there was hypocalcaemia
and rhabdomyolysis. The main strategy for
minimizing ethylene glycol toxicity was to the
administration of ethanol as a competitive substrate
[30,31].The inhibition of Oxalic acid was to
important to protect the damage of E.G. The
important point of the treatments of Ethylene
Glycol ingestions was that the hemodialysis is to
prevent irreversible kidney injury by limiting the
ultimate metabolism of EG to oxalate [32]. The
toxicity of E.G.was from the production of the
acidic metabolites glycolate and oxalate [33]. The
accuracy of the method used has been confirmed by
the other studies [34-37].
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Ethanol can dissolve in the blood and reach the
tissues of body systems. Especially ethylene glycol
poisoning in the blood; Ethanol has an effective role
against ethylene glycol toxicity by forming a stable
structure with ethanol and its effective rate against
toxicity has been determined as shown in the
discussion section.

4. Conclusion

In metabolites of ethylene glycol in the blood;
glyoxal is less stable, but its dipole moment is quite
low, meaning its solubility in the blood is smaller
than others, but its solubility in oxalic acid is better
than others. Oxalic acid is very harmfulto kidney
diseases. Ethylene glycol is toxic to the metabolism
of the human body due to its metabolites.
Therefore, it must be removed from metabolism
without separating into metabolites. In this study, in
EG poisoning, rapid removal by using ethanol; The
capacity of ethanol to remove ethylene glycol, the
ratio of 1-Ethylene glycol -2-Ethanol was
determined. Moreover, at this rate; Since it has a
high dipole moment, it is more stable and dissolves
in blood. This rate in preventing toxicity is vital for
human metabolism. The experimental researchers
should try and make them viable by using these
theoretical results, This study is very important in
terms of preventing loss of time and material.
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