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ABSTRACT 

The amino acid histidine is the source of the special nutraceutical ergothioneine (ET), 
which is a potent antioxidant. Higher plants and animals obtain it from the soil and 
their food, respectively, and do not synthesize it; instead, they obtain it through specific 
microorganisms, such as actinobacteria and also from mushrooms. The solute carrier 
family 22, member 4 (SLC22A4), sometimes referred to as organic cation transporter 
novel type-1(OCTN-1) is an incredibly selective transporter for ergothioneine and is 
only present in animals. Organic cation transporter novel type-1OCTN 1 is expressed in 
tissues differently and is expressed more in tissues that are highly susceptible to 
oxidative stress, such as erythrocytes. The concentrations of ergothioneine decline in 
several chronic inflammatory diseases, and it appears to have potent cytoprotective 
actions. It has been certified to be relatively safe by regulatory authorities compared to 
many other antioxidants. 
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INTRODUCTION 
 

Higher organisms may accumulate 
ergothioneine (ET), a thiourea 
derivative of histidine synthesized by 
non-yeast fungi, mycobacteria, and 
cyanobacteria, at levels up to millimolar 

via an organic cation transporter 
(OCTN1) (Sotgiaet al., 2013; Li et al., 
2014; Forster et al., 2015; Frigeniet al., 
2016). Ergothioneine antioxidant has 
been shown to possess cytoprotective 
properties in several in vitro studies 
against a variety of cellular stressors, 
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although its antioxidant role in vivo has 
not been fully explored. However, the 
scavenging, tissue distribution, and 
accumulating qualities all point to 
ergothioneine's ability to serve as a 
physiological antioxidant (Cheah and 
Halliwell, 2012; Cheah et al., 2016).  Due 
to the sulphur in ergothioneine's thione 
form, which transforms into the 
sulfhydryl form to scavenge oxygen 
radicals, it possesses a potent and 
unique antioxidant effect (Kei et al., 
2005; Nakamachiet al., 2016). 

Ergothioneine is present in a variety 
of foods in small proportions, with the 
largest concentrations being found in 
specific mushroom species including 
Lentinus edodes, Pleurotusostreatus, and 
Pleurotuseryngii, while moderate 
concentrations are also present in 
various meat products like kidney (Eyet 
al., 2007; Schausset al., 2010; Fu and 
Shen, 2022). Despite being exclusively 
synthesised in fungi, cyanobacteria, and 
mycobacteria, no evidence, for now, 
exists for the direct biosynthesis of 
ergothioneine in animals and higher 
plants. Ergothioneine is largely present 
in most cells and tissues of plants and 
animals (Halliwell et al., 2018; Song et 
al., 2014). 

The specific transporter organic 
cation transporter novel type 1 
(OCTN1) is responsible for distributing 
ET throughout the body. ET is 
degraded and eliminated slowly in 
urine (Gründemannet al., 2005; Forster 
et al., 2015; Cheah et al., 2017). Because 
ET mostly resides in the thione 

tautomer at physiological pH, it is more 
stable than other thiols like glutathione 
and has a longer half-life and the 
potential to accumulate in the body 
(Cheah et al., 2016). 

Ergothioneine also known to be a 
special low molecular weight dietary 
thiol/thione, has recently attracted a lot 
of attention. This substance may 
accumulate in large concentrations in 
the body due to diet and may have 
significant physiological effects on 
animal development and health as well 
as the potential to prevent and manage 
diseases. Ergothioneine levels in the 
blood decrease with aging and the start 
of certain disorders (Cheah and 
Halliwell, 2021). This review aims to 
highlight from the literature the 
potential of ergothioneine in the 
management of diseases in animals. 

 
 
ORIGIN OF ERGOTHIONEINE 

 
In 1909, ergot (Claviceps purpurea), a 

fungus that infects rye grain, was first 
used to isolate ergothioneine. Since 
then, millimolar quantities of 
ergothioneine have been discovered in 
people, animals, fungi, plants, and 
microorganisms (Kei et al., 2005, 
Encarnacion et al., 2010). Only a few 
fungi and the Actinomycetales bacteria 
have been reported as capable of 
synthesising ergothioneine thus far (Kei 
et al., 2005; Muramatsuet al., 2013). The 
fungus Lyophyllumconnatum has been 
shown to contain the ergothioneine 
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derivative -hydroxyergothioneine 
(Smith et al., 2020). It is thought that 
organisms that do not produce 
ergothioneine through biosynthesis 
receive it from their environments 
(Nakamichiet al., 2016). Ergothioneine is 
believed to be obtained by plants from 
the soil (Cheah and Halliwell, 2021). It 
has been reported that the nature of an 
animal's diet can alter its ergothioneine 
content thus it is believed that animals 
receive ergothioneine through their 
diets (Cheah and Halliwell, 2012). 
 
 

DISTRIBUTION OF 
ERGOTHIONINE IN THE BODY 

 
Ergothioneine levels vary depending 

on the species and type of tissue, but 
they are mostly present in tissues that 
are vulnerable to oxidative stress, such 
as the kidneys, liver, eye lens, kidneys, 
and erythrocytes (Vickers and Fairlamb, 
2004; Sotgiaet al., 2013, Sotgiaet al., 
2015). It was discovered that 
erythrocytes absorb ergothioneine at 
levels two to nine times higher than 
those of blood plasma. Earlier research 
(Zhang et al., 1996; Day, 2008; Wang et 
al., 2013) suggested that ergothioneine 
was integrated into erythrocytes during 
cell formation. However, work by Feng 
et al. (2006) demonstrates that 
ergothioneine is slowly taken up by the 
erythrocyte and maintained against a 
concentration gradient. Ergothioneine 
transporter has been identified in 
human kidney cells, and cells 

expressing the transporter were shown 
to accumulate ergothioneine in high 
concentrations and retain it. This 
suggests that ergothioneine uptake is 
transporter-dependent. Ergothioneine 
was discovered to be absent from cells 
lacking this transporter because 
ergothioneine cannot cross the plasma 
membrane (Grundemannet al., 2005). 
The ergothioneine transporter protein is 
securely anchored in cellular 
membranes by a scaffold made up of 12 
hydrophobic transmembrane helices. 
The human variant of the amino acid 
chain, which has 551 AA, has both ends 
most likely located in the cytosol. The 
precise 3D structure is yet unclear, 
though. There are no obvious signs of 
multimers, hence the transporter most 
likely functions as a monomer. The 
ergothioneine transporter, which has a 
PDZ-binding motif at the C-terminus, 
might influence membrane trafficking if 
PDZK1 or other proteins with a PDZ 
domain are present (Futatsugiet al., 
2016). The plasma membrane, or cell 
envelope, and the surface of the 
organelle mitochondria are where the 
transporter is mostly found (Shinozaki 
et al., 2017). 
 
 

TRANSPORTATION OF 
ERGOTHIONINE IN THE BODY 

 
Ergothioneine is water soluble, 

therefore it is transported in the body 
dissolved in water by its high-affinity 
transporter, the organic cation 
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transporter 1 (OCTN1), ET accumulates 
in several animal tissues up to 
millimolar concentration (Servillo et al., 
2017). Even though ET is found in many 
cells, plasma membranes appear to be 
impermeable to it, therefore a special 
mechanism for absorption and 
accumulation in cells is required 
(Nakamura et al., 2007). The cell's 
absorption of ET reveals a considerable 
Na+-dependence. 

The organic cation transporter 
(OCTN1), which is produced by the 
gene solute carrier 22 family member 4 
(SLC22A4), is a crucial transport protein 
that is in charge of moving ET across 
the membrane in a pH-dependent 
manner (Grundemannet al., 2005). In 
cell lines, turning off the OCTN1 gene 
limits the absorption of ET 
(Lamhonwahet al., 2006). Similar to this, 
a structural study of the OCTN1 
knockout mice showed that nearly all of 
their tissues were devoid of ET, 
indicating the lack of an alternate 
channel for its uptake (Grigatet al., 
2007). 

The high levels of ET found in 
erythrocytes are likely caused by the 
high expression of OCTN1 in the bone 
marrow, which was discovered through 
analysis of many body tissues. Similar 
to this, the levels of ET in intestinal 
tissue and peripheral blood cells are not 
influenced by diet but are closely linked 
to the expression of OCTN1 mRNA 
(Zhu et al., 2011). 

According to research utilizing 
natively expressed OCTN1 in HeLa 

cells, ergothioneine is preferentially 
transported via OCTN-1 when 
compared to other alternative 
substrates. Except for the general 
transport inhibitors quinidine, 
verapamil, and pyrilamine, no other 
potential substrate significantly 
impeded the transfer of ergothioneine, 
with carnitine showing just a minor 
inhibition. The high selectivity of 
OCTN1 is indicated by the fact that not 
even substances with structures 
comparable to ergothioneine were able 
to prevent ergothioneine absorption. 
HeLa cells were observed to readily 
absorb ergothioneine even at low 
concentrations (300 nM) (Tucker et al., 
2019). 

 
 
 
 

ANTIOXIDANT PROPERTIES OF 
ERGOTHIONINE 

 
Because it does not autooxidise at the 

normal physiological pH of the body, 
ergothioneine is a special and extremely 
stable antioxidant (Hartman, 1990). 
Additionally, it inhibits the production 
of hydroxyl radicals from hydrogen 
peroxide and iron ions (Fenton 
reaction). This is due to the 
predominating thione moiety rather 
than thiol. According to Kalaraset al. 
(2017), ergothioneine protects the liver 
from radical-induced 
hepatocytotoxicity, but its derivative-
hydroxy ergothioneine is more effective 
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than ergothioneine at shielding 
hepatocytes l from the harmful effects 
of carbon tetrachloride. Under 
experimental conditions, the extra 
hydroxyl group of -
hydroxyergothioneine appears to have 
a positive impact. Ergothioneine's 
capacity to create stable complexes with 
the ions of copper, zinc, and iron may 
be what causes it to have antioxidant 
properties (Li et al., 2014; Pluskalet al., 
2014). Additionally, ergothioneine 
interacts with ROS, perhaps by 
quenching singlet oxygen (Sotgiaet al., 
2015; Ramirez-Martinez et al., 2016). 
Additionally, the substance combines 
with hydroxyl radicals and scavenges 
peroxyl radicals, hypochlorous acid, 
and peroxynitrite (Akanmuet al., 1991; 
Aruomaet al., 1999; Cumming et al., 
2018). 

Ergothioneine has been studied for 
its antioxidant qualities, but different 
groups have reported varying results. 
This is partly because the settings of the 
experiments were different and the 
quantities employed were frequently 

not physiological, which has further 
complicated the role of ET (Cheah and 
Halliwell, 2012; Sao-Emani et al., 2013). 

Finally, even though numerous tests 
demonstrate that ergothioneine has 
special reactive properties, such as the 
capacity to scavenge hydroxyl (Paul 
and Snyder, 2009) or to allow oxidized 
ergothioneine to be restored by 
glutathione, it is prudent to recognize 
that these conditions may differ from 
those in vivo and thus may not be 
applicable as reported by Cheah and 
Halliwell (2012) and Khonde and 
Jardine (2015).  Ergothioneine has 
beneficial physiologic characteristics 
such as rapid clearance from the 
circulation into retained tissues with 
little metabolism and high stability 
(Halliwell and Gutteridge, 2007), a long 
half-life of about 30 days (Cheah and 
Halliwell, 2012), and a decreased 
propensity to auto-oxidize or produce 
free radicals from peroxide and iron at 
physiological pH(Halliwell and Lee, 
2010;Seetet al., 2011; Song et al., 2015; 
Maroneet al., 2016;Clerkinet al., 2017). 
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ERGOTHIONINE AND 
INFLAMMATION 

 
It is not yet understood what part ET 

plays in inflammation. On one hand, 
Crohn's disease and rheumatoid 
arthritis (Asahi et al., 2015) have both 
been linked to mutations in the 
ergothioneine transporter (OCTN1) 
gene, SLC22A4 (Peltekovaet al., 2004). 
The levels of ET in erythrocytic and 
monocytic tissues were shown to be 
considerably greater in patients with 
mildly active rheumatoid arthritis, and 
these levels were strongly linked with 
the expression of OCTN1 mRNA in 

CD14+ cells (Taubertet al., 2006; 
Pochiniet al., 2015). Additionally, 
OCTN1 is substantially expressed in the 
hematopoietic and immune systems of 
inflamed joints in mice with collagen-
induced arthritis (Kobayashi et al., 
2004). It may be advantageous for ET's 
immunomodulatory activities to 
prevent the atherogenic production of 
pro-inflammatory cytokines and 
adhesion molecules. According to 
research done on human aortic 
endothelial cells, ET reduces the 
expression of the adhesion molecules 
VCAM-1, ICAM-1, and E-selectin and 
prevents monocytes from adhering to 

Figure 1. A schematic diagram of the properties of ergothionine. 
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the endothelium which occurs during 
inflammation (Martin, 2010). 

However, it is still unclear exactly 
how reactive oxygen species are 
involved in the etiology and 
inflammation process of atherosclerosis 
and other cardiovascular inflammatory 
disorders (Libby et al., 2011). Studies of 
ischaemia, a condition involving 
oxidative stress, provide evidence for 
the preventive function of ET against 
cardiovascular disease as reported by 
Nautaet al. (1990) and Ramirez-
Martinez et al. (2016). Ergothioneine has 
been demonstrated to protect the liver 
and heart tissue from inflammation 
during ischaemia in vivo (Bedirliet al., 
2004). Although at lower levels than 
those seen in the liver, kidneys, and gut, 
OCTN1 expression has been observed 
in the brains of mice and rats (Yang et 
al., 2018). This is corroborated by 
several studies of ET concentrations in 
the brains of mice, rats, guinea pigs, 
rabbits, cats, sheep, and oxen ranging 
from 0.3 to 1 mg per 100 g of brain 
tissue, demonstrating the potential of 
ET to cross the blood-brain barrier to 
protect against inflammation (Kaneko et 
al., 1980). 

It has been also been documented 
that ET protects neuronal cells from a 
variety of oxidative stresses and 
inflammatory disorders (Pike et al., 
1991;Cheah and Halliwell, 2012). Pre-
treatment with ET reduced 
inflammation, and reversed the cell 
death, ROS production, DNA damage, 
and apoptosis of keratinocytes caused 

by ultraviolet radiation (UVA), 
according to experimental data from the 
work of Hseuet al. (2015). When 
exposed to UVA, the mitochondria, 
which are essential for cell survival, lost 
their antioxidant capacity and 
membrane potential. With ET therapy, 
on the other hand, there was 
improvement of mitochondrial 
membrane potential and subsequently 
causing a rise in levels of intracellular 
glutathione before UVA exposure.  

Additionally, ergothioneine prevents 
inflammatory response by enhancing 
nuclear factor-k (NFk) activation and 
restricting the transcriptional activation 
of the IL-8 gene, a chemotaxin that may 
be responsible for neutrophil 
recruitment into the lungs of ARDS 
patients (Repine and Elkins, 2012). 

Gao et al. (2022) also recently 
reported that ergothioneine protects 
against dextran sulfate sodium-induced 
colitis in mice. 
 
 

EFFECT OF ERGOTHIONINE ON 
THE NERVOUS SYSTEM 

 
Cell culture and animal studies 

provide evidence that ET prevents 
neurodegeneration because it 
overcomes the key barrier of 
accumulation in the brain and 
translocation across the blood-brain 
barrier (Paul and Snyder, 2009). 

According to reports, ET is essential 
for the differentiation and maturation of 
neurons, which may be important in 
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brain regeneration after damage 
(Moncasteret al., 2002; Song et al., 2014; 
Bull and Plummer, 2014) Studies by 
Zhu et al. (2011) have shown that ET 
supplementation in mice improved 
learning and memory (object 
recognition test) and increased the 
number of mature spines in the 
hippocampus. The report also showed 
that exposure of cultured hippocampal 
neurons to ET elevated the expression 
of the synapse formation marker 
synapsin-1 and neurotrophin-3 and 
neurotrophin -5 (Zhu et al., 2011). 

Another critical component is that 
oral ingestion of ET could lead it to 
cross the blood-brain barrier and 
accumulate in the brain, which is 
frequently a significant obstacle and the 
reason why many neuroprotective 
medication agents, including 
antioxidants, fail (Paul and Snyder, 
2009). Numerous studies have shown 
that OCTN1 is present in the neurons of 
the mouse brain's hippocampus, 
hypothalamus, cerebellum, and motor 
cortex (Lamhonwahet al., 2008). As 
previously indicated, unlike certain 
other medications and dietary 
supplements, ET has a high 
bioavailability to the brain, as shown by 
research in animals (Tang et al., 2013) 
and postmortem human samples 
(Graham et al., 2016). 

There is a good chance that ET may 
have a protective function, especially 
when the pathology involves oxidative 
damage and inflammation. However, 
the pathology behind neurological 

symptoms in many disorders is still not 
entirely understood. Undoubtedly, 
further research is required and 
necessary to determine if ET may 
protect against chronic neurological 
disorders through these and other 
pathways (Cheah et al., 2016). 

 
 

HOW SAFE IS ERGOTHIONINE ? 
 

Except for mushrooms, which it is 
present in high quantities, ET is a 
naturally occurring substance that is 
found in many foods in low amounts 
(Kalaraset al., 2017). Even though there 
are several research on ET in the 
literature, none of them even at high 
concentrations have yet documented 
any toxicity associated with its 
administration (EFSA, 2017). High 
doses of ET were given to pregnant 
female rats, yet neither the mother nor 
the offspring displayed any sign of 
toxicity (Forster et al., 2015). 

In the chromosomal aberration 
experiment using the classic Hodgkin 
lymphoma cell line, ergothioneine 
doses up to 5000 µg/mL, with and 
without metabolic activation, were 
investigated, and it was discovered that 
none caused structural chromosome 
abnormalities. Ergothioneine was given 
orally to male mice at levels up to 1500 
mg/kg for possible genotoxic activities 
in the in vivo mammalian erythrocyte 
micronucleus test. There was no rise in 
the number of micronucleated 
polychromatic erythrocytes. 
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Ergothioneine was often shown to be 
non-genotoxic in these trials, adding 
more experimental proof to its usage as 
a viable dietary supplement (Schausset 
al., 2011) 

Additionally, the European Dietary 
Safety Authority has approved the use 
of ET as a food supplement even in 
babies, toddlers, pregnant women, and 
nursing mothers earning the 
classification of "generally recognized 
as safe" (GRAS) from the United States 
Food and Drug Administration. 
Ergothioneine has been approved as a 
nutraceutical in the European Union 
countries by the European Food Safety 
Authority (EFSA, 2017) and also in the 
United States by the Food and Drug 
Administration (Kalaras et al., 2017). 

 
 

CONCLUSION 
 

Although most of the publications 
reviewed in this paper involved human 
and rat subjects, there is potential that 
ergothioneine supplementation in other 
animals may be beneficial in the 
management of diseases in other 
species of animals especially domestic 
animals such as horses, dogs, cats, cattle 
and small ruminants as ergothioneine 
has been established to be a potential 
antioxidant and antinflammatory agent. 
It possesses potential in the 
management of chronic diseases and 
disorders such as neurological 
disorders, respiratory diseases, 
gastrointestinal disorders such as colic 

in horses, laminitis and bowel 
inflammatory diseases. 
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