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necrosis. In the chemical industry, ethylene glycol (EG) is a crucial reagent. Since it
is widely used in many catalytic and non-catalytic chemical industries, including
anti-freezing, liquid detergent, pharmaceuticals, explosives, hydraulic brake fluids,
engine coolants, and hydrate inhibitors used for the recovery of subsea oil and gas,
ethylene glycol (EG) is regarded as an extremely important organic compound.
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INTRODUCTION

Ethylene Glycol (EG)

Glycols are aliphatic dihydric alcohols that contain two hydroxyl groups. They are sweet-tasting, colourless liquids
with many industrial uses, especially as solvents and antifreeze agents [1]. In the pharmaceutical sector, syrups
based on glycerol (GLY), sorbitol, or polyethylene glycol (PEG) may contain impurities such as ethylene glycol (EG)
and diethylene glycol (DEG). Because they serve as organic solvents, humectants, antimicrobials, and preservatives,
GLY, sorbitol, and PEG are frequently employed as excipients in pharmaceutical syrups [2]. Because of its extremely
reactive chemical qualities, it is widely used in many different domains, such as the manufacturing of coolant and
antifreeze, as well as in the textile, plastic, and coating industries [3].

Diethylene Glycol (DEG)

Diethylene Glycol is a transparent, thick liquid that is an organic substance [4]. It tastes pleasant and is hygroscopic.
Water, lower alcohols, acetone, phenol, aniline, and chloroform are all soluble in it [5]. It dissolves sparingly in
carbon tetrachloride, diethyl ether, and benzene. It dissolves poorly in vegetable and mineral oils [6]. Apart from
being utilized in numerous industrial items, it has also been implicated in several notable mass poisonings since
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1937. A thorough analysis has not yet been released, despite DEG's toxicity and the outbreaks of deadly poisonings
that are linked to it [7].

Diethylene Glycol (DEG) is a chemical molecule that can be found in both household items and pharmaceuticals as
a fake solvent. Acute kidney injury (AKI) and neurological aftereffects including diminished reflexes or facial and
limb paralysis are the hallmarks of DEG poisonings. The dosage sensitivity of females to DEG toxicity is unknown,
while prior research in male rats has shown that neurotoxic effects only appear when AKI is established [8].

For over a century, diethylene glycol dinitrate (EGDN), diethylene glycol dinitrate (DEGDN), and triethylene glycol
dinitrate (TEGDN) have been utilized as pasticizers in propellant mixes. The crystal structures of all three of these
compounds, which are liquids at room temperature, have not been established despite their lengthy history and
industrial use [9].

When consumed, diethylene glycol, a very poisonous organic solvent, can result in acute renal failure and even death.
When it was utilized in the US to make a sulphanilamide elixir in the 1930s, its toxicity became clear [10]. The United
States Food, Drugs, and Cosmetics Act, which governs the testing and use of novel medications and foods, was passed
in 1938 as a result of the at least 76 deaths caused by the consumption of this sulphanilamide elixir. Although it is
rarely found in fatal amounts, diethylene glycol is nonetheless infrequently found in foods and medical treatments.
The findings of examinations conducted in response to a widespread, initially inexplicable outbreak of acute renal
failure caused by diethylene glycol poisoning are presented in this study [11].

Chemical Information of Impurities (Ethylene Glycol and Diethylene Glycol) Name: Ethylene Glycol (EG)
Chemical Name and Structure

Chemical Names: Ethane-1,2-diol; 1,2-ethanediol

Chemical Structure:

Molecular Formula and Molecular Weight Molecular Formula: C2ZH602

Molecular Weight: 62.07 g/mol Chemical Name and Structure

Chemical Names: 2,2'-Oxydiethanol; Ethylene diglycol; Diglycol.

Chemical Structure:

Molecular Formula and Molecular Weight Molecular Formula: C4H1003

Molecular Weight: 106.12 g/mol [12].

Uses of Ethylene Glycol

In the chemical industry, ethylene glycol (EG) is a crucial reagent. Its primary uses include the synthesis of polymers,
such as polyester and polyethylene terephthalate, as well as non-volatile braking and antifreeze fluids and anti-icing
additives [13]. About 20 million metric tons of EG were produced and consumed worldwide in 2010, with an
estimated 5-10% annual growth. As a result, there is a lot of interest in the concentration and purification of waste
EG for its regeneration and reuse. Due to its extensive application in the production of chemicals, the transportation
and textile sectors, and energy technologies, EG use is rising annually (Figure 1). The manufacturing of coolants or
antifreezes for automobiles and personal computers is one of the most significant uses of EG. EG is also utilized as
an anti -icing solution for windshields and airplanes because of its low freezing point. Polyester fibers and resins,
such as polyethylene terephthalate (PET), are produced using EG in the plastics industry [14].

intermediate

Solvent Polyester fiber

EG Market

Antifreeze &
Coolants

Polyethylene
terephthalate

Figure: 1. Mono-Ethylene Glycol Market [14].
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Since it is widely used in many catalytic and non-catalytic chemical industries, including anti-freezing, liquid
detergent, pharmaceuticals, explosives, hydraulic brake fluids, engine coolants, and hydrate inhibitors used for the
recovery of subsea oil and gas, ethylene glycol (EG) is regarded as an extremely important organic compound.
Additionally, it is utilized as an intermediate compound in a variety of petrochemical industries, including the
synthesis of resins, plastics, textiles, biodegradable polyester fibers, cosmetics, plasticizers, fabric, solvents for
paints, and polyethylene terephthalat e (PET) resin, which is used to make plastic bottles for soft drinks and other
downstream products [15].

Synthesis Of Ethylene Glycol

Naphtha to ethylene glycol (OEG), ethane to ethylene glycol (EEG), coal-based methanol to ethylene glycol (MEG),
and coal-based syngas to ethylene glycol (CEG) are the primary feedstocks and production technological routes
used to make ethylene glycols [16].

Nowadays, the majority of EG is made from fossil fuels through the hydration of ethylene oxide, with a tiny fraction
coming from renewable resources through the dehydration of biobased ethanol. Additionally, a number of labs have
thoroughly investigated the microbial synthesis of EG from plant-derived sugars, such as d-glucose and d-xylose.
EG may now be produced selectively from CO2 using ethylene thanks to recent advancements in chemical and
electrochemical methods. Additionally, syngas, lignocellulolytic biomass, and PET wastes are sources of EG that do
not compete with human food supplies (Figure 2) [17].
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Figure: 2. Microbial Cell Factories For The Conversion of Ethylene Glycol To Value-Added Chemicals [17].

Toxicity Studies
There are several causes of acute renal failure in children. Numerous epidemics of severe renal failure, primarily
affecting small newborns, have been linked to diethylene glycol (DEG) poisoning [18]. These children have
displayed symptoms of gastrointestinal bleeding, seizures, liver failure, and renal failure. The poisoning is caused
by either deliberate illegal use of DEG as a solvent or DEG contamination of pharmaceutical products. Over 300
children have died globally as a result of DEG poisoning [19]. The amount of DEG needed to cause morbidity and
mortality in humans is unknown. Because they are mostly based on accounts from large poisoning epidemics, they
might underestimate toxicity. The average estimated lethal dose for an adult is approximately 1 ml/kg of pure DEG
[20].

Three of the twelve animals given DEG experienced AKI, as evidenced by elevated BUN and creatinine levels. those
with AKI had higher levels of DGA in their brains and kidneys than those without AKI. Animals with AKI had a
significantly higher total CSF protein level than both control and treated animals without AKI. Animals with AKI
showed reductions in locomotor and rearing activity as well as forelimb grip strength when compared to control
and non - AKI animals.
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In a female animal, repeated DEG dosage resulted in nephrotoxic effects at a level comparable to those in males.
Only females with AKI experienced a decline in motor performance and an increase in CSF protein. However, it is
difficult to determine which consequence happens first because kidney and neurologic effects were only evaluated
at the conclusion of the therapy. Global measurements of limb function and coordination were made, and more
sensitive testing, like nerve conduction studies, may provide a thorough evaluation of the neurotoxicity of DEG's
effects [21].

Clinical Features

The clinical effects of DEG poisoning can be divided into following three stages:

Preliminarily, the 1st phase consists of GIT symptoms such as nausea, vomiting, abdominal pain, and diarrhea. At
this point, the patient may also have metabolic acidosis [22]. The 2nd phase started after 1 to 3 days DEG ingestion
and is characterized by acute kidney injury (AKI), decreased urine output and increased anion gap metabolic
acidosis. Liver injury has been reported in a few uncommon cases of elevated serum transaminase. Additionally,
patients may experience hypertension and severe pancreatitis [23]. The 3rd phase starts after 1 to 2 weeks DEG
ingestion if the patient survives the initial phases. Progressive and late neurological condition, defined by
encephalopathy and polyneuropathies, such as bilateral facial nerve palsy, bulbar palsy, and widespread
denervation of limb muscles, characterizes this phase [24]. Despite the description of this three-phase pattern,
symptoms may overlap and be influenced by the amount consumed. The clinical manifestation of intoxication can
also change when DEG is consumed in combination with other substances, such ethanol. In this instance, ethanol
can postpone the development of symptoms for up to 48 hours by inhibiting DEG metabolism [25].

Mode of Action (MOA) - Renal Toxicity
Corley et al. (2005b) released the first evaluation of the MOA by which EG may cause kidney injury in people. In a
nutshell, the MOA is thought to be as follows:
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Figure 3. Mode of Action of Diethylene Glycol
ADH: Alcohol dehydrogenase, ALDH: Aldehyde dehydrogenase, HEAA: 2-Hydroxyethoxy acetic acid, PCT: Proximal
Convulated Tubule

One of the metabolites of EG is oxalic acid, which can precipitate when it combines with calcium in the renal tubule
epithelium. It is thought that renal tubule degeneration results from the calcium oxalate monohydrate crystals'
ability to physically clog renal tubules and/or harm cells biochemically [26]. Renal damage from DEG toxicity is
caused by proximal tubular necrosis. Severe vacuolation and epithelial cell enlargement cause the lumen to become
obstructed. Kidney poisoning is caused by diglycolic acid and HEAA. After glomerular filtration, apical sodium
dicarboxylate transporters-1 or organic anion transporters transfer diglycolic acid into the proximal tubular cells.
There, it stops the production of adenosine triphosphate, which Kkills cells by inhibiting the citric acid cycle enzyme
[27].
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In Vivo Metabolism

There are two possible chemical routes for the metabolism of diethylene glycol dimethyl ether. Diethylene glycol
dimethyl ether is primarily metabolized by O-demethylation following a single dosage, producing 2-(2-
methoxyethoxy)ethanol [28]. Following repeated exposure to diethylene glycol dimethyl ether, enzymes are
activated, boosting NADPH-dependent breakage of the central ether bond and producing two molecules of 2 -
methoxy ethanol. Methoxyacetic acid is produced by oxidizing these. Male rats were given a single oral dose of
diethylene glycol dimethyl ether; the predominant metabolite was found to be (2-methoxyethoxy)acetic acid, which
accounted for 68% of the dose; the second metabolite, methoxyacetic acid, represented 6.2% of the dose. The same
fraction of (2 -methoxyethoxy)acetic acid was found after multiple dosages, and 10% of it was eliminated as
methoxyacetic acid (Figure 1) (Cheever et al. 1988) [29].
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Figure: 1. Metabolism of Diethylene Glycol Methyl Ether in Male Rats After Oral Administration (According
to Cheever et al. 1988) [29].

% of the administered dose * after a single dose and ** after repeated dose

Pharmacokinetics and Pathophysiology of Ethylene Glycol

Inrodents, ethylene glycol has an oral bioavailability of 92-100% [30]. Intoxication symptoms and increased serum
concentrations have been observed 20-30 minutes after intake, indicating that it is quickly absorbed from the
human gastrointestinal tract [31, 32]. Its volume of distribution is somewhat small (0.5 -0.8 L /kg). Urine eliminates
20% of the parent molecule unaltered. Alcohol dehydrogenase converts the remaining 80% in the liver to
glycoaldehyde, which is further converted by aldehyde dehydrogenase to a number of acid metabolites, including
glycolic acid, glyoxylic acid, and oxalic acid. The anion gap metabolic acidosis, calcium oxalate crystals, and kidney
damage associated with ethylene glycol poisoning are caused by these metabolites [33-38]. The only metabolite
that significantly builds up in the blood is glycolic acid, which seems to be the main cause of the metabolic acidosis
[36 -39]. Renal tubular cells are poisoned by glyoxylic acid, which is produced from glycolic acid [40].

Oxalic acid, which is produced when glyoxylic acid is metabolized, can interact with calcium to create calcium
oxalate crystals, which can lead to hypocalcemia [31, 41-43]. Glyoxylic acid is converted by thiamine and pyridoxine
to a-hydroxy-B-ketoadipic acid, glycine, and hippuric acid, which are thought to be less harmful than oxalate. The
parent molecule has an elimination half-life of 3-8.5 hours [36,44,45]. Alcohol is the preferred substrate of alcohol
dehydrogenase, while fomepizole (4-methylpyrazole) is an inhibitor. In patients with normal renal function, they
will extend the first-order elimination half-life of ethylene glycol to roughly 17 hours [44, 45]. Seizures, coma, renal
failure, and circulatory collapse are among the clinical signs of ethylene glycol poisoning [31,43,46]. Toxic
intermediary metabolites, particularly aldehyde metabolites [34], glycolic acid, and to a lesser extent oxalate
synthesis and excretion are the main cause of the central nervous system, metabolic, cardiac, and renal toxicities
[33,47]. The first indications of intoxication, such as altered mental status, slurred speech, and ataxia, are believed
to be caused by unaltered ethylene glycol [48]. Abdominal discomfort, nausea, and vomiting are common
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gastrointestinal symptoms that appear shortly after consumption [46]. Infants may exhibit hypotonia, pallor,
vomiting, lethargy, irritability, and poor feeding [49,50]. The prognosis is not good for a patient who has severe
acidosis, hyperkalemia, coma, and seizures.

CONCLUSION

Serum ethylene glycol and, ideally, glycolic acid levels must be measured in order to make a definitive diagnosis and
provide prompt, appropriate therapy for ethylene glycol poisoning, a very uncommon medical emergency. Despite
the availability of precise, reliable, but technically demanding chromatographic techniques, few clinical laboratories
now provide this testing since their analysis has historically been difficult. With the potential for severe morbidity
and even death, ethylene glycol poisoning is still a major toxicological issue. The timing of intake affects the clinical
presentation , and there are numerous differential diagnoses that need to be taken into account in addition to or
instead of ethylene glycol poisoning. The main metabolites of ethylene glycol, not the parent substance, are
responsible for serious toxicity
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