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Abstract Alpha Lipoic Acid (ALA) is a fatty acid that mainly synthases mammals and plants. Alpha lipoic acid is found in trace
amounts, soluble in water and fat. ALA plays an essential role in the body's synthases of glutathione, the body's most
important endogenous antioxidant, supporting healthy vision, protecting cells from free radicals, and enhancing liver
functions. Additionally, ALA helps dissolve toxic substances in the liver. In the present review, we described the history with
the physical and biochemical properties of ALA besides highlighting its functions in living organisms. We also reviewed the
benefits of using synthetic forms of ALA in domestic animals to prevent and treat medical disorders. In conclusion, in
addition to its role in enhancing body functions, ALA also plays a major role as a valuable antioxidant that could give an
advantage to its use as a promising treatment against the widespread infection in animals and humans.
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1. Introduction

Alpha lipoic acid was first named (potato growth factor) by Snell in 1937. Consisting of potato extract, ALA has been
shown to assist Lactobacillus growth (Salinthone et al 2008). Dr. Lester was the first to isolate small amounts of ALA crystals
from liver residue in 1951. These substances are called alpha lipoic acid since they can dissolve in lipid. In contrast, some
scientists call it thioctic acid because it contains two sulfur (theion in Greek) and eight carbon (octo in Greek) atoms (Berkson
2010). Alpha lipoic acid was first described in Germany in 1957 as a treatment for acute toxicity caused by Amanita phalloides
(mushrooms), a deadly poison widely distributed in Europe (Gomes and Negrato 2014).

As a co-factor for mitochondrial enzyme complexes that participate in energy production, plants and mammals
synthesized ALA in trace quantities. ALA is similar in function to many of the B vitamins (Tartea et al. 2020). Some scientists
classified alpha lipoic acid as a vitamin because the body produces it. ALA is found in small amounts in animals tissue with high
metabolic activity, such as liver, kidney, and heart; it is also found in vegetables and fruit such as peas, tomatoes, rice bran,
and spinach. ALA supplied by the diets is transported by the bloodstream into tissue and incorporated into cells, after which it
is transported into mitochondria (Goraca et al 2011; Saleh 2019; Salehi et al 2019).

2. Synonyms of Alpha Lipoic Acid

Due to the asymmetric carbon in alpha lipoic acid, there are two possible optical isomers: R-lipoic acid and S-lipoic acid;
R-lipoic acid is the natural form, and S-lipoic acid is the synthetic form (Figure 1) (Carrier and Rideout 2013; Hofmann et al.
1995). Alpha lipoic acid was named (R)-5-(1,2-dithiolan-3-yl) pentatonic acid.

Alpha lipoic acid has different names, including thioctic acid, 6,8-thioctic acid, 6,8-dithioctane acid, 1,2-dithiol-3-valeric
acid, lipoate, and alpha-lipoic acid (Rentier et al 2015).

3. Alpha lipoic acid properties

The Alpha lipoic acid has antioxidants properties discovered in 1988; it has the same ability as vitamin C, vitamin E, and
coenzyme Q 10 (Naji et al 2018; Shindyapina et al 2017). In addition to its ability to neutralize free radicals in intracellular and
extracellular environments, ALA differs from antioxidants. It neutralizes free radicals within the aqueous and lipid regions of
the cell (Naji 2017). The characteristics of ALA allow it to pass through cell membranes to neutralize free radicals. Vitamin C
protects the watery portion of the cell from free radicals, while vitamin E can protect the fatty membrane, while AIA protects
the watery and fatty portions (Naji and Zenad 2016; Park et al 2014).

ALA can also neutralize a diverse range of free radicals, including singlet oxygen, peroxyl, superoxide, and hydroxyl
radicals, peroxynitrite and hypochlorite, and other antioxidants that neutralize a single type of free radical. Therefore ALA is
called a "universal antioxidant" (Naji and Zenad 2016).
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In mitochondria, ALA plays an integral role in energy production, acting as a co-factor of multi-enzymatic complexes for
protein metabolism and carbohydrate regulation after energy production (Shay et al 2009). When antioxidants scavenge a free
radical, they oxidize and lose the ability to fight future free radicals until reduced.

ALAisimportant in regenerating or recycling other antioxidants such as vitamin C and coenzyme Q10, which turn vitamin
E into antioxidant chains by oxidizing it and recycling it (Naji and Zenad 2015; Shay et al 2009). Dihydrolipoic acid can reduce
oxidized antioxidants, restoring them to their initial capacity (Jones et al 2002; Saleh et al 2019).

ALA increases glutathione levels, which plays a vital role as an intracellular antioxidant, protecting the body from free
radicals and removing and detoxifying potential toxins and carcinogens (Alabada and Saleh 2020; Attia et al 2020). Lastly, the
ALA bind or chalet with heavy metals to form complex with Mg, Fe, Cu, Zn, Ni, and Cd and protect the cell from damage (Naji
et al 2018).
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Figure 1 Structure of R and S alpha lipoic acid enantiomeric forms. Source: Carrier and Rideout (2013)

4. Alpha lipoic acid in veterinary medicine

Several studies have used ALA as an antioxidant in animals; the dose of ALA used in acute cadmium toxicity studies was
50 mg/kg IM twice with 12-hour intervals. The dose for chronic cadmium toxicity studies was 10 mg/kg orally every 48 h for 90
days, respectively. However, the findings of the mentioned studies suggest that ALA has played a significant role as an
antioxidant to protect tissues and organs against cadmium toxicity (Naji and Zenad 2015).

Several scientists have documented that ALA therapy is beneficial for animals. Researches have shown that alpha-
lipoic acid improves glucose metabolism and insulin resistance in rats; studies have also shown that alpha-lipoic acid is
protective on the retinas of experimental mice models with diabetes (Budin et al. 2009).

A study applied on cattle used ALA to enhance the bovine secondary preantral follicles development and growth
(Zoheir et al 2017); the study proved that adding ALA to culture medium improved the development rate of secondary preantral
follicles. As a result of media enrichment with 250 and 500 uM of ALA, the number and development of active follicles increased
due to the upregulation of growth regulation genes and downregulation of apoptosis-induced genes. Moreover, ALA is used as
a supplement to enhance cattle embryo development which varies depending on the ALA concentration (Fabra et al. 2020).

In the horse, Alpha Lipoic acid has improved insulin activity and glucose utilization in both humans and animals.
Recently, researchers examined glucose and insulin dynamics and leptin serum concentrations in pony mares supplemented
with lipoic acid (Anthony et al 2021; Berg et al 2012).

ALA has been documented to be ten times more toxic in cats than in humans, dogs, or rats. Typical signs of ALA
toxicity in cats include reduced food intake, hypersensitivity, vomiting, hypersalivation, ataxia, and elevated hepatic enzymes.
These signs might be observed followed inoculation of 60 mg/kg of ALA. In contrast, a lower dose of ALA (30 mg/kg) in cats
caused mild hepatocellular changes (Loftin and Herold 2009).

In dogs, LD50 of ALA has been reported as 400-500 mg/kg, and the clinical signs include hypoglycemia, ataxia,
vomiting, tremors, lethargy, seizures, weakness, and hypersalivation. However, changes in renal or hepatic functions tests have
been reported (Anthony et al 2021).
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5. Final considerations

ALA plays an essential role as a supplement widely used to enhance body functions. As an antioxidant, ALA has more
additional properties than Vitamin C, Vitamin E, and Vitamin B. In addition, ALA is used to treat various diseases affecting
humans and animals since it has a detoxification effect. Enhancement of liver function by ALA can be achieved by synthesizing
certain antioxidants such as glutathione, which increase growth.
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