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Abstract: Methane is the simplest hydrocarbon, consisting of one carbon atom and four hydrogen atoms. It is
abundant in marsh gas, livestock rumination, and combustible ice. Little is known about the use of methane in human
disease treatment. Current research indicates that methane is useful for treating several diseases including ischemia
and reperfusion injury, and inflammatory diseases. The mechanisms underlying the protective effects of methane
appear primarily to involve anti-oxidation, anti-inflammation, and anti-apoptosis. In this review, we describe the beneficial effects of methane on different diseases, summarize possible mechanisms by which methane may act in these
conditions, and discuss the purpose of methane production in hypoxic conditions. Then we propose several promising
directions for the future research.
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1 Introduction
Methane (CH4) is the simplest hydrocarbon,
comprising one carbon and four hydrogen atoms.
These atoms form a tetrahedral structure with H–C–H
angles of 109.5°. Methane is combustible and its
combustion products include carbon dioxide (CO2),
water, carbon monoxide (CO), and hydrogen. It is
rich in marsh gas, livestock rumination, and combustible ice.
Methane is found in many parts of the human
body. Methanogens belong to archaea, producing
methane during anaerobic respiration. In nature, there
are seven orders of methanogens found in the environment, plants, mammals, and humans (Sogodogo
et al., 2019). They can use the carbon present in small
‡
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molecules as the final acceptor of electrons in energy
metabolism (Lyu et al., 2018). In the human body,
five known orders have been discovered, being distributed in the oral cavity, gastrointestinal tract, lungs,
and skin (Koskinen et al., 2017). This diversity of
localization means that methane is present almost
throughout the human body.
Methane is associated with human disease and is
used in the field of diagnosis. Methane detected in
breath has been applied diagnostically in common
gastroenterology. A breath test for methane is useful
in the diagnosis of carbohydrate maldigestion, methaneassociated constipation, and oral-cecal transit evaluation (Rezaie et al., 2017). Small intestinal bacterial
overgrowth (SIBO) was diagnosed using a hydrogen/
methane breath test to explore the relationship between SIBO and deep vein thrombosis (DVT) (Cheng
et al., 2017). Furthermore, methane production is
correlated with cancer of the large bowel. Eighty
percent of patients with large bowel cancer had
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considerable methane production in their breath,
while only about 40% of patients without the disease
had detectable levels of methane (van de Pol et al.,
2017). However, Basson et al. (2017) found no correlation between methane and the risk of colon cancer
among different populations. These associations need
further research, but demonstrate that methane measurements are already being clinically applied in diagnosis and research of human disease.
For years, little research focused on the protective properties of methane in mammals. Only since
2012 has research started to examine the protective
effects of methane on clinical diseases. An increasing
number of papers demonstrate the beneficial effects
of methane in disease treatment with thorough exploration of mechanisms. In this review, we surveyed
the protective effects of methane on different diseases,
summarized and compared possible mechanisms of
methane protective action, discussed the relationship
of methane production to hypoxic conditions, and
suggested future directions for methane research.

2 Methane protections in different kinds of
diseases
2.1 Methane in treating organ ischemia and
reperfusion injury
Boros et al. (2012) first characterized the antiinflammatory effects of methane on intestinal ischemia and reperfusion injury (IRI). The partial pressure
of the CO2 (pCO2) gap between the intestinal tissue
and arteries was related to the severity of intestinal
IRI. Methane inhalation significantly reduced the pCO2
gap after IRI compared with the IRI group. Another
research method, methane-rich saline, proposed by
Ye et al. (2015), was widely applied in subsequent
research. Their work demonstrated that methane
could be used to treat liver IRI. Alanine aminotransferase (ALT) and aspartate aminotransferase (AST)
are representative signals of liver injury (Ye et al.,
2015). Methane decreased the levels of ALT and AST
significantly in hepatic IRI. Chen et al. (2016) showed
that methane brought down the level of cardiac troponin (c-TnI), improved cardiac function, and inhibited myocardial remodeling after heart ischemia injury. Methane also showed protective effects against
retinal IRI by significantly reducing the loss of retinal

ganglion cells (RGCs) and the thinning of the total
retinal layer, and improving visual function (Liu et al.,
2016). Moreover, methane showed protective effects
in renal IRI (Meng et al., 2018). Methane significantly decreased blood creatinine (CRE) and blood
urea nitrogen (BUN) levels and recovered renal histology in renal IRI.
2.2 Methane in treating inflammatory disease
Methane has been protective in different inflammatory disease models, including endotoxic shock,
dextran sulfate sodium (DSS)-induced colitis, and
bacteria-induced sepsis. Zhang et al. (2016) showed
that methane significantly attenuated tumor necrosis
factor-α (TNF-α) and interleukin-6 (IL-6), used as
markers of the severity of inflammatory disease. They
also proposed that methane could probably be protective in systemic inflammatory diseases, such as
rheumatoid arthritis (RA) and systemic lupus erythematosus (SLE).
Other scientists have focused primarily on complications of sepsis. Results showed that methane
improved survival rate and organ function, and alleviated pathological damage induced by sepsis (Li et al.,
2019). Also, kidney dysfunction induced by sepsis
was significantly improved by methane along with
BUN and CRE levels (Jia et al., 2018). He et al. (2016)
modeled murine concanavalin A (Con A)-induced
autoimmune hepatitis (AIH) and tested the effect of
methane on injury. Their results showed that methane
significantly reduced the serum ALT level and decreased liver tissue damage. Methane treatment reduced the levels of proinflammatory cytokines including TNF-α, interferon-γ (IFN-γ), IL-6, and IL-1β,
and increased the anti-inflammatory cytokine, IL-10.
2.3 Methane in treating neuronal disease
Fan et al. (2016) proposed that methane-rich saline could be used to relieve delayed injury after
carbon monoxide (CO) poisoning. Methane-rich saline significantly reduced delayed neuropsychological sequelae following severe CO poisoning in rats.
Oxidation, inflammation, and cell death markers
were significantly improved along with learning and
memory performance (Fan et al., 2016). Other research
work focused on cognitive dysfunction after surgery.
Methane has ameliorated postoperative cognitive
dysfunction (POCD) as indicated by improvement of
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Morris water maze (MWM) performance (Zhang D
et al., 2019). Methane also showed neuroprotective
effects on myenteric neurons against transient superior mesenteric artery occlusion (Poles et al., 2018).
The oxidoreductive reaction of xanthine was well
analyzed including the activity of xanthine oxidoreductase (XOR). Methane reduced XOR activity and
nitrotyrosine formation, resulting in nitrergic neuron
protection.
2.4 Methane in treating other diseases
In diabetic retinopathy, which commonly occurs
after years of diabetes mellitus, methane showed
protective effects by improving retinal thickness and
reducing cell loss and blood-retinal barrier break
down (Wu et al., 2015). Methane also showed protective effects on lung injury (Sun et al., 2017), acute
pancreatitis (Xie et al., 2017), carbon tetrachloride
(CCl4)-induced liver injury (Yao et al., 2017), allergic
asthma (Zhang N et al., 2019), and ulcerative colitis
(Wang et al., 2019). Moreover, methane has a beneficial analgesic effect that was uncovered using a
monoarthritis (MA)-induced chronic pain model (Zhou
et al., 2018).

3 Mechanisms of methane action in disease
protection
3.1 Anti-inflammatory mechanism
Inflammation is the mechanism through which
methane most often appears to act. In pioneering
research work, the regulation of inflammatory markers was observed. Boros et al. (2012) showed in vitro
that methane inhibited leukocyte activation, suggesting a mechanism for protective effects in intestinal IRI. In liver IRI, methane decreased TNF-α, IL-6,
and the number of CD68-positive cells (Ye et al.,
2015). These results indicated that methane decreased
inflammatory markers and inhibited infiltration of
inflammatory cells. A study by Chen et al. (2016) of
myocardial ischemia similarly showed that methane
reduced the levels of inflammatory markers. The
inhibition of inflammatory markers, including TNF-α,
IL-6, IFN-γ , IL-10, was also demonstrated in retinal
injury (Liu et al., 2016), sepsis (Li et al., 2019), autoimmune colitis (Zhang et al., 2016), AIH (He et al.,
2016), CO poisoning-induced delay injury (Fan et al.,
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2016), spinal cord injury (Wang et al., 2017), cognitive dysfunction (Zhang D et al., 2019), diabetic retinopathy (Wu et al., 2015), lung injury (Sun et al.,
2017), acute pancreatitis (Xie et al., 2017), ulcerative
colitis (Wang et al., 2019), chronic inflammatory pain
(Zhou et al., 2018), and allergic asthma (Zhang N et al.,
2019).
Upstream pathways of these inflammatory markers
were explored in some elaborate research work.
These signaling pathways, including Toll-like receptor 4 (TLR4)/nuclear factor-κB (NF-κB)/mitogenactivated protein kinases (MAPKs), phosphoinositide3-kinase (PI3K)/AKT/glycogen synthase kinase-3β
(GSK-3β), and Janus-associated kinase 1 (JAK1)/
signal transducer and activator of transcription 3
(STAT3), represent a molecular mechanism which
may explain the increase in inflammatory markers of
the assumed molecular target of methane. In lipopolysaccharide (LPS)-induced sepsis, methane downregulated p38 MAPK, NF-κB, extracellular signalregulated kinase (ERK), and c-Jun N-terminal kinase
(JNK) protein expression, leading to reduced production of TNF-α and IL-6 (Zhang et al., 2016). In
Con A-induced AIH, the up-regulated protein expression levels of phosphorylation of inhibitor of NFκB (p-IκB), p-NF-κB, p65, and p-p38 were effectively
suppressed by methane administration (He et al., 2016).
In cognitive dysfunction after operation (Zhang D et al.,
2019) and CCl4-induced acute liver injury (Yao et al.,
2017), phosphorylation levels of the NF-κB/MAPKs
pathway showed the same anti-inflammatory trend
that methane demonstrated in previous work. In ulcerative colitis, myeloid differentiation primary response protein 88 (MyD88) and TLR4 levels were
also significantly reduced by methane (Wang et al.,
2019). The PI3K-AKT-GSK-3β pathway was also
explored in several papers. The protein levels of
GSK-3β and AKT were first tested in macrophages
in vitro. Methane significantly increased levels of
GSK-3β phosphorylation at Ser9 and induced levels of
AKT at all time-points in the presence of LPS (Zhang
et al., 2016). In CCl4-induced liver injury, phosphorylation levels of AKT and GSK-3β were also increased by methane (Yao et al., 2017).
The molecular targets of methane have also
been investigated. IL-10, acting as a protective inflammatory cytokine, was increased after methane
administration in several diseases including renal IRI,
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LPS-induced sepsis, Con A-induced AIH, acute pancreatitis, MA, and chronic inflammatory pain. Using
the anti-IL-10 blockade method, the protective effects
of methane on disease were abrogated (Zhang X et al.,
2016; Yao et al., 2017; Zhang D et al., 2019). This
might indicate that methane acts through elevation of
IL-10 to provide protection from inflammatory diseases
(Table 1).
3.2 Anti-oxidation mechanism
Oxidation has been another important focus for
studies of the mechanism of methane action in disease
protection. Almost every study has explored oxidation products, such as superoxide dismutase (SOD),
and malondialdehyde (MDA) as well as myeloperoxidase (MPO), 8-hydroxy-2-deoxyguanosine (8-OhG)
and glutathione (GSH)/GSH disulfide (GSSG). Chen
et al. (2016) demonstrated that 8-OhG-positive cells
were increased in the heart tissue of a myocardial
ischemia rat group, and that methane significantly
reduced the number of these 8-OhG-positive cells.
This effect of methane was dose-dependent. The SOD
level increased significantly after methane administration compared with SOD level in the myocardial
ischemia group, and MDA content was significantly
decreased by methane in heart tissue (Chen et al.,
2016). Besides oxidative markers, there has also been
a research focus on microRNA which can show major
activation in oxidative injury. Wu et al. (2015) found
that methane up-regulated the levels of microRNA335 (miR-335), which is related to oxidative stress
in diabetic retinopathy. Results of genome analysis
suggested that miR-335 is related to oxidative stress,
cell proliferation, and leukocyte activation. The miR335 levels in the methane-treated group were downregulated significantly compared with those in the
diabetic retinopathy group. Further signaling and
pathway exploration is needed to better understand
this mechanism (Table 1).

effector molecule of apoptosis, was commonly used
in these studies to demonstrate the involvement of cell
death. The protein of pro-caspase-3 was significantly
decreased by methane administration according to all
papers that considered caspase-3 (Wang et al., 2017).
Also, capsase-9, a downstream molecule of apoptosis,
and the ratio of B-cell lymphoma 2 (Bcl-2)-associated
X protein (Bax)/Bcl2 were other markers studied in
relation to an apoptotic mechanism of methane protection. The same anti-apoptotic trends were observed:
methane significantly decreased caspase-9 content
compared to the injury group. Methane can also attenuate endoplasmic reticulum (ER)-related apoptosis
by reducing glucose-regulated protein 78 (GRP78),
activating transcription factor 4 (ATF4), C/EBP homologous protein (CHOP), and caspase-12 levels (Jia
et al., 2018).
Since anti-inflammation and anti-apoptotic mechanisms have attracted attention in studies exploring
the protective action of methane, we have attempted
to connect these two mechanisms and illustrated
commonalities and overlap. TNF-α might be associated with both mechanisms, by activating the NF-κB
pathway to increase the expression of inflammatory
factors, and activating apoptosis through caspase-8
and the caspase-9/caspase-3 pathways (Fig. 1).

3.3 Anti-apoptotic mechanism
A number of papers have proposed inhibition of
apoptotic cell death as a protective mechanism of
methane in several diseases (Table 1). The major
marker was the number of cells lost, illustrated by
hematoxylin-eosin (HE) staining or terminal deoxynucleotidyl transferase dUTP nick-end labeling
(TUNEL) staining (Ye et al., 2015). Caspase-3, the

Fig. 1 Possible connecting points between anti-apoptotic
and anti-inflammatory effects of methane in disease
protection
Dotted line means action of inhibition and arrow line means
activation. IL-1: interleukin-1; TNF-α: tumor necrosis factor-α;
MyD88: myeloid differentiation primary response protein
88; TNFR2: TNF receptor 2; MAPK: mitogen-activated
protein kinase; TRADD: TNF receptor type 1-associated
death domain protein; NF-κB: nuclear factor-κB
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Table 1 Mechanisms of action of methane in disease treatment
Disease

Direction of mechanism

Intestinal IRI

Anti-inflammation
Leukocyte activation

Anti-oxidation
SOX, MPO

Liver IRI

TNF-α, IL-6, CD68

SOD, MDA, 8-OhG

Myocardial ischemia

CD68, TNF-α, IL-1β

Renal IRI

TNF-α, IL-6, IL-10,
macrophages cells

8-OhG, MDA, MPO, Bax/Bcl-2, caspase-3,
SOD
caspase-9, cytochrome-C
MDA, SOD, CAT,
Apoptotic cells
MPO, 8-OhG
8-OhG, 4-HNE, MDA, Bcl-2, Bax, caspase-3,
SOD, CAT, GPx
caspase-9

Retinal IRI

LPS-induced and
TNF-α, IL-6, NF-κB/MAPK
bacteria-induced sep- pathway, GSK-3β, AKT,
sis, autoimmune colitis IL-10, IL-10 abrogation
CLP-induced sepsis
TNF-α, IL-6
MDA, SOD, MPO,
GSH
Sepsis-induced kidney
injury
Con A-induced AIH
CO poisoning delay
injury
Mesenteric IRI
Spinal cord injury

TNF-α, IFN-γ, IL-6, IL-1β, MDA, 8-OhG, SOD,
IL-10, IκB, NF-κB, p38
CAT
MAPK
TNF-α, IL-1β
SOD, MDA, 3-NT,
8-OhG

Anti-cell death

Caspase-3, apoptotic cells

TNF-α, IL-6, IL-1β, Iba-1

SOD, MDA

Caspase-3

Caspase-3, apoptotic cells

Lung injury

TNF-α, IL-1β

MDA, SOD

Number of cell loss,
miR-192-5p
Caspase-3

Acute pancreatitis

TNF-α, IL-6, IFN-γ, IL-10

MPO, SOD

Caspase-3

CCl4-induced acute
liver injury

IL-6, TNF-α, IL-1β, IFN-γ,
ICAM-1, CXCL1, MPO,
NF-κB/MAPK pathway,
PI3K-AKT-GSK-3β
pathway, IL-10 blockade
TNF-α, IL-6, IL-1β, IL-10, MDA, MPO, SOD,
Apoptotic cells
TLR4/NF-κB/MAPK
GSH
signaling pathway,
IL-10/JAK1/STAT3
signaling pathway
IL-1β, TNF-α, MMP-2,
MDA, 8-OhG, SOD
IFN-γ, IL-10
IL-4, IL-5, IL-13, TNF-α, MDA, MPO, 8-OhG, Number of cell loss
CXCL15
SOD, GSH

MA chronic
inflammatory pain
Allergic asthma

Reference
Boros et al.,
2012
Ye et al.,
2015
Chen et al.,
2016
Meng et al.,
2018
Liu et al.,
2016
Zhang et al.,
2016

Apoptotic cells, caspase-3, Pyroptosis, NLRP3/ Li et al.,
caspase-9, cytochrome-C caspase-1/IL-1β 2019
signaling pathway
Caspase-3, Bcl-2/Bax,
Jia et al.,
PARP, number of cell loss,
2018
apoptosis signaling pathway
He et al.,
2016

XOR activity

Cognitive dysfunction TNF-α, IL-6, IL-10, NF-κB/
MAPK pathway, IL-10
blockade
DR
TNF-α, IL-1β
miR-335

Ulcerative colitis

Other
Nitrotyrosine
formation

VEGF

Fan et al.,
2016
Poles et al.,
2018
Wang et al.,
2017
Zhang D
et al., 2019
Wu et al.,
2015
Sun et al.,
2017
Xie et al.,
2017
Yao et al.,
2017

Wang et al.,
2019

Zhou et al.,
2018
Zhang N
et al., 2019

IRI: ischemia and reperfusion injury; LPS: lipopolysaccharide; CLP: cecal ligation and puncture; Con A: concanavalin A; AIH: autoimmune
hepatitis; CO: carbon monoxide; DR: diabetic retinopathy; CCl4: carbon tetrachloride; MA: monoarthritis; TNF-α: tumor necrosis factor-α; IL:
interleukin; NF-κB: nuclear factor-κB; MAPK: mitogen-activated protein kinase; GSK-3β: glycogen synthase kinase-3β; IFN-γ: interferon-γ;
IκB: inhibitor of NF-κB; Iba-1: ionized calcium-binding adaptor molecule 1; ICAM-1: intercellular adhesion molecule-1; CXCL: C-X-C motif
ligand; MPO: myeloperoxidase; PI3K: phosphoinositide-3-kinase; TLR4: Toll-like receptor 4; JAK1: Janus kinase 1; STAT3: signal transducer
and activator of transcription 3; MMP-2: matrix metalloproteinase 2; SOX: superoxide; SOD: SOX dismutase; MDA: malondialdehyde; 8-OhG:
8-hydroxy-2-deoxyguanosine; CAT: catalase; GPx: glutathione (GSH) peroxidase; 3-NT: 3-nitrotyrosine; miR: microRNA; Bax: B-cell lymphoma 2 (Bcl-2)-associated X protein; PARP: poly ADP-ribose polymerase; NLRP3: NOD-like receptor protein 3; XOR: xanthine oxidoreductase; VEGF: vascular endothelial growth factor
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3.4 Other mechanisms of methane protective action
There are other potential mechanisms of methane
treatment and protection such as cell proliferation,
pyroptosis, and XOR activity. Proliferation is a concern in diabetic retinopathy. Expression of vascular
endothelial growth factor (VEGF) was higher in a
diabetic retinopathy group, but ameliorated by methane administration (Wu et al., 2015). Pyroptosis is a
process of cell death that differs from both apoptosis
and necrosis, and has been proposed in research of
cecal ligation and puncture (CLP)-induced sepsis (Li
et al., 2019). It has its own pathway and is activated
by the inflammasome. Li et al. (2019) found that
methane alleviated pyroptosis by down-regulating the
NOD-like receptor protein 3 (NLRP3)/caspase-1/
IL-1β pathway. The protein levels of pro-p65, NLRP3,
pro-caspase-1, and pro-IL-1β were significantly decreased by methane treatment compared to those in
the sepsis group.
Methane may also act through mechanisms related to nitrosative stress (Poles et al., 2018). Methane
decreased XOR activity and nitrotyrosine formation
to protect the nitrergic neuron population in mesenteric IRI. The rising level of XOR activity was significantly reduced in the ileum, duodenum, and colon
following methane inhalation.

4 Production of methane in eukaryotes under anoxic conditions
Methane may be produced in organisms outside
of methanogens. Mitochondria, the crucial organelle
for electron transport chains, were isolated and
studied for in vitro research. Treating with choline in
the presence of hydrogen peroxide, catalytic iron, and
ascorbic acid, methane formation was first reported in
rat liver mitochondria (Ghyczy et al., 2003). Furthermore, under hypoxic conditions, bovine endothelial cells in the presence of hydroxyl radical generation formed methane that was detected by gas chromatography (Ghyczy et al., 2008). This phenomenon
showed that methane production was possible in anoxic condition. In an in vivo study of methane production, rats were grouped by sham, sodium azide
(NaN3), and NaN3+antibiotic treatments. NaN3 administration is a common method used to produce
hypoxic conditions in cells and animals, and the antibiotics specifically targeted the potential methane-

emitting gastrointestinal bacterial flora. The results
showed that methane production was higher after
NaN3 administration than that in the sham group and
still well over the level of the sham group after addition of antibiotics (Tuboly et al., 2013).
Results such as these suggest varied ranges of
methane production, likely resulting from immune
reactions and inflammatory processes, which might
indicate non-microbial methane formation under
anoxic conditions (Polag and Keppler, 2018). This
supports the assumption that in hypoxic conditions
methane might have another production source. The
chemical mechanism underlying this result was well
analyzed by Althoff et al. (2014). With iron (II/III),
hydrogen peroxide, and ascorbic acid provided as
reagents, S-methyl groups of organosulfur compounds
can be converted to produce high amounts of methane.
The idea that methane can come from oxidation of
chemical compounds is also supported by experimental results suggesting that electrophilic methyl
groups (EMGs) such as S-adenosylmethionine, betaine, carnitine, and phosphatidylcholine might be
responsible for protection against reductive stress
(Ghyczy and Boros, 2001). The chemical reaction
described above could serve as the mechanism of
methane formation in living organisms (Althoff et al.,
2014). Because of the lack of data showing exactly
how much methane was yielded from each organ, this
point is still unproven as there are methanogens located in organs outside of the gut. Therefore, future
research could examine methane formation in specific
independent organs or related in vitro models. Nevertheless, there is a need to understand the overall
purpose of methane formation in hypoxic situations.
Methane has been on earth from the time that
seas changed into mulberry fields and mulberry fields
into seas. Geochemical evidence suggests that roughly
3.5 billion years ago methanogenesis occurred, with
methane produced by methanogens (Lyu et al., 2018).
Increases in methane formation under anaerobic conditions are also observed in plants. Methane is emitted
significantly from both intact plants and detached
leaves (Boros and Keppler, 2019). This may indicate
conserved ways of responding to hypoxic conditions
for both animals and plants. It also means that methanogenesis can occur in both archaea and eukaryotes.
Here too, we need to learn the overall purpose of this
conserved mechanism of producing methane in anoxic conditions (Fig. 2).
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Fig. 2 What is the purpose of producing methane in
hypoxic conditions?
Methane is an ancient gas existing on earth since 3.5 billion
years ago, far before humans and the presence of oxygen in
the atmosphere. Methane has a close relationship with the
human body since methanogens are present throughout.
This means that methane may have been connected with the
human body since the beginning of human being. Methane
could be emitted from mitochondria, eukaryotic cells, rats
and plants in anoxic conditions, but we do not know the
purpose of methane production in hypoxic conditions.
Therefore, the purpose of methane production in hypoxic
conditions needs further exploration

Three ideas are presented that might help explain
the basis and purpose of methane production. First,
methane may exist as an active intermediate molecule
during signal transduction. This means that methane
could become more active and important than is currently known. Evidence supports that methane in the
body can turn into organically bound tritium (OBT),
organically bound carbon (OBC), CO2 and water
(Carlisle et al., 2005). It is possible that metabolism of
methane to other active molecules within the cell
could then also be involved in the signal transduction.
Transformed methane after biochemical reactions
could work as a key molecule in signal transduction.
Second, methane might work directly as a signal
for unknown specific receptors. As a similar example,
soluble guanylyl cyclase (sGC) works as a receptor of
nitric oxide (NO) signaling during vasodilation. Specific cells could have certain receptors that respond
to methane and activate downstream mechanisms
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against hypoxic condition. Boros et al. (2015) thoroughly discussed this topic in their review. They
indicated methane liberation may be linked to redox
regulation and suggested that methane production
might be a surviving evolutionary trait in eukaryote
cells. Although the target of methane action in the
body has not yet been found, a possible receptor still
needs further exploration.
Third, the concentration of methane might work
as transduction signals. Methane is a gas from ancient
times. Methane production was an increasing response to anoxic environments. A change in the
concentration of methane might itself be a signal that
an organism should temporarily stop consuming energy. With its property of small size, methane could
penetrate nuclear membrane, mitochondria, ER, and
other cellular components to exert protection under
hypoxic conditions. A study showed that after normal
air inhalation of 3% radioactive methane, 0.33% of
the methane is taken up by the body and can be converted to OBT, OBC, CO2, and water (Carlisle et al.,
2005). Other work has confirmed this uptake portion
as being 0.325%–0.330%. Results indicate retention
of methane in several parts of the body, including the
liver with high 3H and 14C contents (Didychuk et al.,
2014). This supports the overall observation that
methane is capable of being taken up by mammals
and after absorption can be converted to other active
molecules and water, highlighting the involvement of
methane in cellular metabolism.

5 Future research and clinical application
In fundamental research, more attention is
needed to explore efficacy and the mechanisms underlying the protective effects of methane. Advanced
research methods could be employed such as gene
regulation using knockouts or clustered regularly
interspaced short palindromic repeat (CRISPR)CRISPR-associated protein 9 (Cas9). Breakthroughs
could be made in relation to its role in inflammatory
or oxidative mechanisms. The Nrf2 knockout mouse
has been used to explore the mechanisms underlying
the protective effects of hydrogen. Those effects were
blocked in the knockout, indicating the role of Nrf2 in
response to oxidative injury and its beneficial effect
(Kawamura et al., 2013). This may also be a very
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promising approach for focusing on the products of
methane reactions. Methods such as isotope labelling
could be applied to search for isotope-labelled reaction products such as methanol, formaldehyde, or CO2,
and screening for specific monooxygenase reactions.
Another basic research approach might be to
apply oral administration of methane or develop pills
of methane that are taken orally for continued release.
Like the application of NO, isosorbide dinitrate orally
taken 2–3 times per day can relax vascular smooth
muscle and thus relieve the symptoms of the patient.
This method of drug administration is the most common and practical way of delivering drugs. Also, the
“methane pill” method could benefit basic research
by helping to clarify the dose-dependent manner of
methane.
For clinical research of methane, the focus may
need to be on improving understanding of the safety
of methane in the human body. Demonstration of the
safety of methane in humans could lead to trials on
human disease treatment and expand methane research in clinical trials. In a manner similar to hyperbaric oxygen, equipment for hyperbaric oxygen
application is used in many hospitals. Millions of
patients have received and benefitted from hyperbaric
oxygen therapy, but the mechanism of its protective
effects on inflammatory disease and other chronic
diseases is, like methane, still obscure.

6 Conclusions
Methane treatment shows many novel benefits in
human diseases, such as organ IRI, inflammatory
disease, and neuronal disease. Although different kinds
of diseases have shown the protective effects of methane, the mechanisms underlying methane benefits
in the human body might share similar processes.
There may be three or more possible modes of action
of methane including anti-inflammation, anti-oxidation,
and anti-apoptosis mechanisms. Research areas such
as cell proliferation and pyroptosis need further investigation. Note that it can take years for some gasbased therapies such as hyperbaric oxygen or NO to
have healing effects on patients. In future research,
more experiments could focus on exploring the
mechanisms of action of acute or chronic methane
administration. For clinical application, more confi-

dence in methane treatment is needed from clinical
trials.
Methane has existed on earth since ancient times.
Methanogens, the archaea that emit methane, live
alongside humans and are located in many parts of the
body. Detecting changes in the production of methane
in the breath has already offered practical help in
disease diagnosis. Furthermore, injured eukaryotic
cells or hypoxic environments can induce production
of methane from cells. Therefore, exploration of the
way methane may act in human diseases is of great
clinical need and significance.
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中文概要
题
概

目：甲烷治疗疾病效应及其机制
要：甲烷是最简单的有机烃类，由 1 个碳原子和 4 个
氢原子组成。甲烷在沼气、家畜反刍和可燃冰中
含量丰富。甲烷在疾病治疗中的作用还未被大家
熟悉。最近的研究表明甲烷可以治疗多种疾病，
包括缺血再灌注损伤和炎症疾病。甲烷治疗疾病
的机制可能包括抗氧化、抗炎症和抗凋亡。本文
将描述甲烷对不同疾病的治疗效应，总结甲烷治
疗效应的可能作用机制，并讨论甲烷在低氧环境
下产生的目的。最后，我们也将提出甲烷研究的
前景及探索方向。
关键词：甲烷治疗；缺血再灌注损伤；炎症；甲烷生成

