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Caenorhabditis elegans is a powerful model organism that is invaluable for experimental research because it can be used to
recapitulate most human diseases at either the metabolic or genomic level in vivo. This organism contains many key components
related to metabolic and oxidative stress networks that could conceivably allow us to increase and integrate information to
understand the causes and mechanisms of complex diseases. Oxidative stress is an etiological factor that influences numerous
human diseases, including diabetes. C. elegans displays remarkably similar molecular bases and cellular pathways to those of
mammals. Defects in the insulin/insulin-like growth factor-1 signaling pathway or increased ROS levels induce the conserved phase
II detoxification response via the SKN-1 pathway to fight against oxidative stress. However, it is noteworthy that, aside from the
detrimental effects of ROS, they have been proposed as second messengers that trigger the mitohormetic response to attenuate the
adverse effects of oxidative stress. Herein, we briefly describe the importance of C. elegans as an experimental model system for
studying metabolic disorders related to oxidative stress and the molecular mechanisms that underlie their pathophysiology.

1. Introduction

Diabetes mellitus is a metabolic disorder that affects millions
of people worldwide and contributes considerably to global
mortality [1]. Diabetes is characterized by poor control of
glucose homeostasis. Although many advances have been
made in understanding the pathophysiology of diabetes
mellitus, its prevalence continues to increase, in part because
of lifestyle changes and increased overall life expectancy.
Diverse studies have demonstrated that oxidative stress par-
ticipates in the progression of diabetes complications [2–
4]. This progression occurs in part because high glucose
concentrations in diabetes lead to glucose oxidation via
the tricarboxylic acid cycle (TCA), which in turn generates
electron donors (NADH, FADH

2
) for the respiratory chain

(RC) that consequently induce the overproduction of reactive

oxygen species (ROS). This ROS overproduction triggers
an adverse response by modulating several metabolic and
signaling pathways, exacerbating diabetic complications [5].
Therefore, there is an urgent need for new approaches for
the prevention and treatment of this disease. Most studies
have been performed using rodent models of type 1 or type
2 diabetes in which hyperglycemia is induced via genetic,
pharmacological, or dietary manipulation. However, there is
a huge knowledge gap between the pathogenic mechanisms
that cause diabetic complications and the treatments, which
prevents the development of appropriate therapeutic inter-
ventions. Improving the understanding of the mechanisms
that modulate the numerous metabolic pathways in humans
requires studies usingmodel organisms that recapitulatemost
aspects of human disease at either the phenotypic or genomic
level in vivo. The worm C. elegans represents a relevant
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model for elucidating the metabolic regulation mechanisms
at the molecular level, matching or even improving upon
the available mammalian model. Throughout this review, we
will provide evidence for similarities between C. elegans and
mammals that could contribute to the elucidation of the
molecular pathways that are implicated in human diseases.

2. Oxidative Protection System in C. elegans

2.1. Overview of C. elegans. The number of studies that use
C. elegans as a model system has grown significantly in re-
cent decades. Interest in this nematode has suddenly soared
for many reasons. First, C. elegans was the first animal for
which the genome was completely sequenced [6]. Second,
it is estimated that more than half of C. elegans genes
are homologous to genes implicated in human diseases
[7, 8]. Third, this model organism is maintained under
simple experimental conditions in the laboratory and has
an optically transparent body that is amenable to the use
of fluorescent probes to visualize oxidative stress within the
nematodes in vivo [9, 10]. C. elegans contains many cell
types that represent the major tissues of complex metazoans,
such as muscle, intestinal, nervous, and epithelial tissue [11].
However, caution is warranted because this organism exhibits
important differences from mammals; for example, it does
not possess a circulatory system, which could limit its utility
as a model for some diseases. Despite this difference, C.
elegans shares many similarities with mammals, including
signaling pathways, such as the insulin/insulin-like growth
factor-1 signaling (IIS) pathway [12]. In summary,C. elegans is
a very useful system for studying the organismal integration
of the oxidative stress response [13].

2.2. Aspects of theMitochondrial System Shared betweenMam-
mals and C. elegans. In mammals, the principal metabolic
machinery that produces energy from nutrients is the mito-
chondrion, which drives ATP formation throughout the
entire body via oxidative phosphorylation (OXPHOS), a
system that comprises several redox reactions in the RC that
are coupled to ATP synthesis [14]. Typically, the mitochon-
drial RC, which is the final pathway of OXPHOS, consists
of five macromolecular enzymatic complexes (I–V) that
catalyze the transfer of electrons from reducing equivalents
(NADH or succinate) from the Krebs cycle through the chain
[15]. These proteins have been highly conserved throughout
evolution [16] and include NADH-coenzyme Q (CoQ; also
referred to as ubiquinone) reductase (complex I); succinate-
CoQ reductase (complex II); CoQ-cytochrome c reductase
(complex III); cytochrome c oxidase (complex IV); and ATP
synthase (complex V). Ubiquinone and cytochrome c are
two freely diffusible molecules that mediate the transfer of
electrons between the complexes [17].

In lower eukaryotes, such as C. elegans, the function of
the electron transport system, its size, and its genetic contents
are similar to those of mammals [18, 19]. Recently, Li et
al. described the use of a shotgun proteomic approach to
identify mitochondrial proteins in C. elegans, finding that

405 C. elegans mitochondrial proteins possess human
homologs, indicating a relatively high conservation of mito-
chondrial proteins between eukaryotic organisms [20]. Inter-
estingly, mutations in several mitochondrial components
(collectively referred to as Mit mutants) can disrupt the
mitochondrial electron transport chain and exert various
effects on the life expectancy of C. elegans. A mutation of
nuo-1, which encodes for mitochondrial complex I, exhibits
hallmark characteristics of complex I dysfunction in the
mammalian system. These properties include lactic acido-
sis, decreased mitochondrial respiration, hypersensitivity to
exogenous oxidative stressors (hyperoxia or paraquat), and
decreased lifespan, conceivably due to elevated oxidative
stress [21]. Conversely, mutations of the isp-1 and nuo-6 genes
that encode subunits of complexes I and III, respectively,
increase the lifespan without affecting the ATP levels [22].
In general, the information available to date indicates that
the RC metabolism and bioenergetics of the nematode are
very similar to those of mammals, and several pathways of
intermediary energy metabolism are also conserved in C.
elegans [18, 20, 23–25].

3. Machinery against Oxidative
Stress in C. elegans

Aside from its bioenergetic activity, the OXPHOS system is
understood to be the major endogenous source of cellular
ROS [26, 27], thus contributing to mitochondrial damage
and potentially triggering diverse pathologies related to redox
signaling [28]. Therefore, a basic conception of how mito-
chondria produce ROS and how these molecules function
is vital for understanding a range of currently important
pathologies. The principal ROS include the superoxide anion
(O
2

∙−), hydrogen peroxide (H
2
O
2
), and the hydroxyl radical

(HO∙). O
2

∙− is typically the primary ROS species and is gen-
erated via the interaction between an oxygen molecule and
NADPH oxidase or other components (flavines, quinones,
and thioles) and contributes to cell damage via oxidative
stress [29]. Cellular redox homeostasis is maintained by a
set of delicate balances between ROS production and the
antioxidant system. Numerous antioxidant enzymes, such
as superoxide dismutase (SOD), catalase (CAT), glutathione
peroxidase (GPx), and peroxiredoxins (Prxs), have been
identified to defend against ROS overproduction [30–32]
(Figure 1).

3.1. SOD. In mammals, SOD family enzymes represent the
first line of antioxidant defense against ROS. SOD converts
O
2

∙− to H
2
O
2
, which can subsequently be converted to

water by CAT, GPx, or Prxs [33]. SOD is the only enzyme
that can detoxify superoxide [34] and is found in various
cellular compartments. SOD1 (Cu/ZnSOD) is the predomi-
nant superoxide scavenger and is localized in the cytoplasm,
the mitochondrial intermembrane space, the nucleus, and
lysosomes. SOD2 (MnSOD) and SOD3 are localized in the
mitochondria and the extracellular matrix, respectively [29].

Similar to mammals, C. elegans possesses six SOD iso-
forms; two are mitochondrial (known as MnSODs) and are
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Table 1: A comparison of evolutionarily conserved antioxidant enzymes expressed in mammals and C. elegans.

Mammals C. elegans
Enzyme Cellular localization Ref. Enzyme Cellular localization Ref.

SOD1
(Cu/ZnSOD)

Cytosol
Mitochondria
Nucleus
Lysosomes

[29] Cu/ZnSODs (sod-1 and sod-5) Cytosol
[35–37, 42]

SOD2
(MnSOD) Mitochondria [29] MnSODs (sod-2 and sod-3) Mitochondria

SOD3 Extracellular matrix [29] Predicted Cu/ZnSOD (sod-4) Extracellular matrix

Catalase Cytosol
Peroxisomes [43]

ctl-1 Cytosol [44, 45]
ctl-2, ctl-3 Peroxisomes

Peroxiredoxins
(PrxI -VI) Ubiquitous [46]

prdx-3 Mitochondria [47]
prdx-2 Intestine [48]

Glutathione
peroxidase
(GPx1-8)

Ubiquitous [49] gpx1-8 Unknown [50]

Glutathione
S-transferases
(GSTs)

Cytosol
Mitochondria
Endoplasmic
reticulum
Nucleus
Plasma membrane

[51]
Ce-GST-p24 (gst-4/K08F4.7),
CeGSTP2-2 (gst-10) and
GSTO-1 (C29E4.7)

Intestine
Muscle cells
Neurons

[52]

O2

e−

O2
∙−

SOD

Fe2+

H2O2 H2O
CAT

Prx, GPx

HO∙

Figure 1: Machinery that protects against oxidative stress and
intracellular ROS overproduction. The principal ROS include the
superoxide anion (O

2

∙−), hydrogen peroxide (H
2
O
2
), and the

hydroxyl radical (HO∙). Cellular redox homeostasis ismaintained by
a set of antioxidant enzymes, such as superoxide dismutase (SOD),
catalase (CAT), glutathione peroxidase (GPx), and peroxiredoxin
(Prx).

encoded by the sod-2 and sod-3 genes; two are cytosolic
(Cu/ZnSODs) and are encoded by sod-1 and sod-5; and two
are predicted to be extracellular Cu/ZnSOD isoforms, both
of which are encoded by sod-4 (Table 1). sod-2 and sod-
1 are highly expressed during normal development. sod-3
and sod-5 are minor isoforms whose expression levels are
increased during the dauer stage [35, 36]. Several research
groups have eliminated the expression of individual sod genes
and have found that deletion of each gene displays little or no
detrimental effect on the C. elegans lifespan [37–40]. More
recently, Van Raamsdonk and Hekimi demonstrated that C.
elegans containing quintuple mutations of genes sod-1, sod-
2, sod-3, sod-4, and sod-5 (sod-12345) exhibited a normal
lifespan, but SOD activity was also required to survive acute
stressors. Additionally, their results indicate that superoxide
not only is a toxic byproduct of metabolism but also is
involved in a ROS-mediated signaling mechanism that can

result in increased longevity. The same study also questions
the notion that oxidative stress is the primary cause of aging
[41].

3.2. CAT. CAT is a H
2
O
2
oxidoreductase heme-containing

enzyme that removes H
2
O
2
to generate oxygen and water

during oxidative stress. Increased CAT activity helps to
overcome the damage to tissue metabolism by reducing the
toxic levels of H

2
O
2
[53].

The C. elegans genome possesses three catalase genes,
encoding ctl-1, ctl-2, and ctl-3 [54]. ctl-1 is cytosolic, whereas
ctl-2 and ctl-3 are peroxisomal (Table 1). ctl-1 and ctl-2 play
roles in the organismal lifespan [44, 45], whereas ctl-3
remains uncharacterized. Similar to SOD, the functions of
catalases in the lifespan are ambiguous because the loss of ctl-
2 shortens the lifespan [44]; however, other findings indicate
that oxidative stress induced by dietary restriction increases
catalase activity [55].

3.3. GPx. GPx is the general term for a family of multiple
isozymes (GPx1–8) that catalyze the reduction of H

2
O
2

or oxidized lipids to water using glutathione (GSH) as an
electron donor [49, 56].

As in humans, C. elegans contains several genes cor-
responding to GPx (gpx-1 to gpx-8), but limited data are
available regarding these proteins. gpx-1 (F26E4.12) encodes
a phospholipid hydroperoxide GPx that is a homolog of
human GPx4. The gpx-1 enzyme is predicted to catalyze the
reduction of phospholipid hydroperoxides using glutathione
because loss of gpx-1 activity via RNAi results in increased
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cellular levels of the unsaturated aldehyde 4-hydroxynonenal
(4-HNE), a lipid peroxidation product [50].

3.4. GST. GSTs are another set of cellular detoxification
enzymes that catalyze the conjugation of exogenous and
endogenous compounds to GSH to prevent oxidative stress-
induced injury [57].

The C. elegans genome contains over 50 putative GSTs
[52]. Of these, three GSTs, referred to as Ce-GST-p24
(K08F4.7), CeGSTP2-2 (gst-10), andGSTO-1 (C29E4.7), mod-
ulate the oxidative stress response (Table 1) [52]. In fact,
the separate overexpression of each of these three genes led
to an increased resistance to some stress inducers, such as
juglone, paraquat, and cumene hydroperoxide, and silencing
of these GSTs via RNAi resulted in increased sensitivity to the
aforementioned prooxidant compounds [58–60].

3.5. Prxs. Prxs are a large ubiquitous family of proteins that
possess cysteine-containing redox active centers [61, 62] that
use peroxidatic cysteine to reduce hydroperoxides and release
water.These enzymes are classified according to their cysteine
contents: there are one-cysteine (Prx VI) and two-cysteine
peroxiredoxins (I–IV, V). Prxs function as a signal regulator
at specific locations by modulating the local ROS levels in a
redox-dependent manner [29].

The C. elegans genome includes three Prx genes: prdx-
2, prdx-3, and prdx-6 (which should not be confused with
the prx, or peroxisomal membrane protein, genes); however,
only two of these genes have been studied. PRDX-2 is
an enzyme that protects against the toxic effects of H

2
O
2
;

however, it is also noteworthy that the loss of this protein
triggers increased resistance to oxidative stress apparently
via a signaling mechanism that increases the levels of other
antioxidants and phase II detoxification enzymes [48] in a
manner that is independent of the SKN-1 pathway,mentioned
later. Nonetheless, despite their increased resistance to some
forms of oxidative stress, prdx-2 mutant animals are short-
lived, suggesting that prdx-2 may promote longevity and
protect against environmental stress via distinct mechanisms
[48]. However, no effect on oxidative stress has been detected
for prdx-3, but it does display mitochondrial uncoupling
activity, suggesting its importance in energy metabolism
[47].

4. Oxidative Stress and Disease

Given the wide spectrum of oxidative species that are gen-
erated in the cell, it is clear that many biomolecules (DNA,
proteins, lipids, and others) are vulnerable to ROS attack.
This damage may lead to or exacerbate several metabolic
diseases. Despite its evolutionary distance frommammals, C.
elegans represents an adequate model to complement both in
vitro and in vivo vertebrate models of oxidative stress. This
model system has provided insight into the molecular mech-
anisms of signal transduction pathways, such as the oxidative
stress and IIS pathways, that influence numerous human
diseases, including diabetes [63, 64]. In diabetic patients,
some metabolic abnormalities include mitochondrial O

2

∙−

overproduction and increased formation of advanced gly-
cation end products (AGEs) and lipid peroxidation of low-
density lipoprotein (LDL) via a superoxide-dependent path-
way, resulting in several effects that are toxic to organisms
[65, 66]. Similar to mammals, Schlotterer et al. recently
proposed that C. elegans represents a suitable organism
to study glucose toxicity because exposing nematodes to
high glucose concentrations exerts detrimental effects on
longevity, increasing ROS production and AGEmodification
ofmitochondrial proteins in an insulin pathway-independent
manner [67].

4.1. Nuclear Factor E2-Related Factor (NRF-2) Signaling
Pathways Defend against Oxidative Stress and Metabolic
Diseases. Eukaryotic cells possess Nrf-2 signaling pathways
that defend against oxidative stress by inducing the expres-
sion of phase II detoxification genes [68, 69]. Nrf-2 is
a basic leucine zipper-containing transcription factor that
binds to antioxidant response element (ARE) sequences in
the promoter regions of specific genes to modulate the
antioxidant response system [70]. Under normal physiolog-
ical conditions, Nrf-2 is inactivated by binding to Kelch-
like ECH-associating protein 1 (Keap1) in the cytoplasm.
However, under oxidative stress, Nrf-2 is released from
Keap1 and is translocated to the nucleus, where it binds to
ARE and transactivates genes corresponding to detoxifying
and antioxidant enzymes, such as 𝛾-glutamyl cysteine ligase
(𝛾-GCL), the cystine/glutamate antiporter (xCT), 𝜇-GST,
heme oxygenase-1 (HO-1), and others [71–73]. Additionally,
Nrf-2 has been suggested to be involved in energy-related
pathologies, such as diabetes and obesity [74]. For instance,
streptozotocin-induced diabetic mice lacking the Nrf-2 gene
exhibit increases in both oxidative stress and blood glucose
levels, most likely via the enhanced mRNA expression of
gluconeogenic genes (glucose-6-phosphatase and phospho-
enolpyruvate carboxykinase) and the diminished expression
of glycolytic genes (pyruvate kinase) [74]. Similar to diet-
induced obese mice, the activation of Nrf-2 using oltipraz,
a synthetic dithiolethione, triggers the regulation of detox-
ifying enzymes via Nrf-2 [75], improving insulin resistance
and obesity and reducing oxidative stress [76]. In addition,
constitutive Nrf-2 activation inhibited lipid accumulation
in white adipose tissue, suppressed adipogenesis, induced
insulin resistance and glucose intolerance, and increased hep-
atic steatosis in Lep (ob/ob)mice [77].Thus, it is hypothesized
that the transcription factor Nrf2, in addition to its role
in protecting organisms against oxidative stress, may be a
critical target for preventing diabetes mellitus.

4.2. Oxidative Stress Resistance via the SKN-1 and IIS Path-
ways in C. elegans. In C. elegans, SKN-1 is the ortholog
of mammalian Nrf-2 and is also activated in response to
elevated levels or oxidative stress or to compounds such as
H
2
O
2
, paraquat, and juglone via the induction of phase II

detoxification gene transcription [78, 79]. In fact, it is sug-
gested that the increased lifespan of C. elegans under caloric
restriction occurs due to SKN-1 activation via increased stress
tolerance resulting from reduced IIS pathway activity [80, 81].
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Figure 2: Cross-talk between mitochondrial metabolism and the IIS pathway is required to trigger the mitohormetic response in C. elegans.
TheC. elegans IIS pathway contains components that are nearly identical to those ofmammals [87]; under conditions of nutrient supply, the IIS
pathway is initiated by the binding of DAF-28 or INS-7 [88, 89] toDAF-2 [12, 90], subsequently triggering a cascade of phosphorylation events
to activate specific kinases that inactivate the transcriptional factor DAF-16 and its target genes (e.g., sod-3) [86, 91]. A similar mechanism
occurs for the transcriptional factor SKN-1 via the kinases AKT-1/2 and SGK-1. Conversely, the transcriptional activity of SKN-1 is augmented
by some stressors, such as oxidative stress, as a consequence of OXPHOS activity via PMK-1 kinase, culminating in the nuclear translocation
of SKN-1 and its interaction with the DNA-binding sites (AREs) of its target genes (gst-10, gcs-1, and sod-1). Finally, an antioxidant
response is activated to prevent ROS-mediated cellular damage, which may support the mitohormetic theory. DAF-28 and INS-7, insulin-
like peptides; DAF-2, insulin/IGF-1 receptor; IST-1, insulin receptor substrate 1 ortholog; AGE-1 and AAP-1, phosphatidylinositol 3-kinases;
PIP2, phosphatidylinositol (4,5)-bisphosphate; PIP3, phosphatidylinositol-3,4,5-trisphosphate (PtdIns(3,4,5)P3); PDK-1, 3-phosphoinositide-
dependent kinase 1; DAF-18, homologous to human PTEN; AKT1/2 and SGK-1, orthologs of the serine/threonine kinase Akt/PKB; DAF-16,
FOXO transcription factor; SKN-1, skinhead family member 1, the ortholog of mammalian Nrf-2; PMK-1, the p38MAPK ortholog;WDR-23,
possible functional homolog of Keap1; DDB-1/CUL-4, ubiquitin ligase complex; ARE, antioxidant response element; OXPHOS, oxidative
phosphorylation; GST-10/gst-10, glutathione S-transferase-10; GCS-1/gcs-1, 𝛾-glutamyl cysteine synthetase-1; and SOD-1/sod-1 and SOD-
3/sod-3, superoxide dismutase-1 and -3, respectively.

The regulation mechanisms of SKN-1 are divergent from
those of mammals because C. elegans does not possess a rec-
ognizable Keap1 protein. Alternatively, C. elegans expresses
WDR-23, a protein that acts as a homolog of Keap1, by pro-
moting the nuclear translocation [82] and binding of SKN-
1 to ARE sites [83]. SKN-1 activity is regulated by phospho-
rylation. Thus, under basal conditions inhibitory phospho-
rylation by AKT-1/2 and SGK-1 (key components of the IIS
pathway) inactivates SKN-1 by maintaining it in the cytosol
[79]. Conversely, under conditions of oxidative stress or
reduced IIS pathway activity (induced by caloric restriction),
the PMK-1 protein (ortholog of the mammalian p38 MAPK)
phosphorylates SKN-1 to promote its nuclear transloca-
tion and subsequently induce the transcription of phase

II detoxification genes, such as gcs-1 (encoding 𝛾-glutamyl
cysteine synthetase), gst-10 (encoding isoforms of glutathione
S-transferase), and sod-1 (encoding SOD) [79, 84, 85] to gen-
erate the ROS response (Figure 2). Another ROS protection
mechanism is conferred byDAF-16 via the IIS pathway,which
regulatesMnSODgene expression [86]. Evidence has demon-
strated that defects in the IIS pathway change the level of
cellular energymetabolism (e.g., glucose uptake) and activate
DAF-16, increasing the gene expression of sod-3, which in
turn triggers the activity of this mitochondrial antioxidant
system [81] (Figure 2).Therefore, based on the above findings,
C. elegans represents a useful model organism to study the
roles of the SKN-1 and IIS pathways as master regulators of
the cellular defense system against oxidative stress.
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5. The Roles of ROS as Second Messengers
(Mitohormesis) and in Disease

As mentioned above, ROS have been associated with cellular
damage. However, diverse studies have challenged the con-
cept of ROS as simply detrimental; instead, they have been
proposed as second messengers that trigger a program of
transcriptional and metabolic shifts that initiate an adaptive
ROS signaling response to attenuate the adverse effects of
oxidative stress [92, 93]. Positive effects of ROS have been
detected in both humans and C. elegans. Healthy young men
undergoing physical exercise efficiently increased ROS pro-
duction and thus counteracted insulin resistance [94]. These
findings are consistent with the concept of mitohormesis, in
which exercise-induced oxidative stress causes an adaptive
response to promote the endogenous antioxidant defense
[94].This adaptive response to ROS, often referred to asmito-
chondrial hormesis, the hormetic response, or mitohormesis
[95], results in compensatory biological processes following
an initial disruption of homeostasis [96]. Similar effects
have been demonstrated in C. elegans (Figure 2); when this
nematode is in an active growth and nutrient consumption
state, elevated ROS levels activate its stress response and delay
aging [97].

ROS have been suggested as second messengers under
mild stress conditions, which in turn enhance vitality, in
part, because mitochondrial ROS production alters various
signaling pathways, functioning as an alarm system that
alerts cells to some stressors and responds in a manner that
corresponds to the intensity of the detected damage. In fact,
ROS appear to function as a signaling intermediate to facil-
itate cellular adaptation to some types of stress, although it
remains to be clarified whether ROS are important for main-
taining homeostasis in the absence of oxidative stress [49].
Accordingly, it is plausible that, in circumstances in which
both mitochondrial activity and, hence, ROS production are
augmented (e.g., diabetes or exercise), the hormetic response
may be activated to increase ROS production, upregulating
the expression of ROS-neutralizing enzymes, such as SOD2
and GPx. This response involves, in part, the transcription
factor SNK-1/Nrf-2, which promotes the transcription of the
aforementioned enzymes (Figure 2) [98]. It is noteworthy
that the hormetic response may explain why, because of
environmental risk factors or lifestyle, not all individuals
predisposed to develop diabetes ultimately progress to overt
disease. In summary, transiently increased levels of oxidative
stress may improve rather than worsen the stress response,
reflecting a potentially health-promoting process to prevent
metabolic diseases, such as insulin resistance and diabetes,
which is consistent with the concept of mitohormesis.

Historically, the principal theory regarding oxidative
stress is that the ROS-induced accumulation of molecular
damage significantly contributes to numerous human dis-
eases, including diabetes, cardiovascular diseases, atheroscle-
rosis, cancer, and aging [99]. The aforementioned charac-
teristics of C. elegans render it a robust model system to
investigate oxidative stress, and this model might contribute
greatly to our understanding of the role of mitochondria and

their integration into the oxidative stress network to regulate
the health of the cell and organism.

6. Concluding Remarks

Despite extensive research using various model organ-
isms, there are many unanswered questions concerning the
connection between oxidative stress and the pathogenesis
of metabolic diseases. Therefore, the development of animal
models that serve as models of human diseases has ushered
in the study of metabolic diseases. The C. elegans model
system offers several distinct advantages, including its easy
manipulation and maintenance in the laboratory and its
high genetic homology to humans, that facilitate multiple
studies at both the metabolic and molecular levels. Despite
the important differences between nematodes and humans
that must be considered, studies using C. elegans could sig-
nificantly contribute to the knowledge gained from classical
model organisms by facilitating the generation of results that
cannot be produced using whole organisms in vivo and the
identification of novel and rational treatments. Essentially,
the findings from C. elegans described in this review indicate
similar strategies to fight against oxidative stress, and C.
elegans can conceivably be used as a powerful model system
to delineate the genetic andmolecularmechanisms that could
be involved in human metabolic diseases, such as diabetes.
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[48] M. Oláhová, S. R. Taylor, S. Khazaipoul et al., “A redox-sensitive
peroxiredoxin that is important for longevity has tissue- and
stress-specific roles in stress resistance,” Proceedings of the
National Academy of Sciences of the United States of America,
vol. 105, no. 50, pp. 19839–19844, 2008.

[49] L. A. Sena and N. S. Chandel, “Physiological roles of mitochon-
drial reactive oxygen species,”Molecular Cell, vol. 48, no. 2, pp.
158–167, 2012.

[50] J. Benner, H. Daniel, and B. Spanier, “A glutathione peroxidase,
intracellular peptidases and the tor complexes regulate peptide
transporter PEPT-1 in C. elegans,” PLoS ONE, vol. 6, no. 9,
Article ID e25624, 2011.

[51] H. Raza, “Dual localization of glutathione S-transferase in
the cytosol and mitochondria: implications in oxidative stress,
toxicity and disease,” The FEBS Journal, vol. 278, no. 22, pp.
4243–4251, 2011.

[52] B. Leiers, A. Kampkötter, C. G. Grevelding, C. D. Link, T.
E. Johnson, and K. Henkle-Dührsen, “A stress-responsive glu-
tathione S-transferase confers resistance to oxidative stress in
Caenorhabditis elegans,” Free Radical Biology & Medicine, vol.
34, no. 11, pp. 1405–1415, 2003.

[53] M. Zamocky, P. G. Furtmüller, and C. Obinger, “Evolution
of catalases from bacteria to humans,” Antioxidants & Redox
Signaling, vol. 10, no. 9, pp. 1527–1548, 2008.

[54] P. L. Larsen, “Aging and resistance to oxidative damage inCaen-
orhabditis elegans,” Proceedings of the National Academy of
Sciences of the United States of America, vol. 90, no. 19, pp. 8905–
8909, 1993.

[55] T. J. Schulz, K. Zarse, A. Voigt, N. Urban, M. Birringer, and
M. Ristow, “Glucose restriction extends Caenorhabditis elegans
life span by inducing mitochondrial respiration and increasing
oxidative stress,” Cell Metabolism, vol. 6, no. 4, pp. 280–293,
2007.

[56] R. Margis, C. Dunand, F. K. Teixeira, and M. Margis-Pinheiro,
“Glutathione peroxidase family—an evolutionary overview,”
The FEBS Journal, vol. 275, no. 15, pp. 3959–3970, 2008.

[57] A. E. Salinas and M. G. Wong, “Glutathione S-transferases—a
review,” Current Medicinal Chemistry, vol. 6, no. 4, pp. 279–309,
1999.
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