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Abstract

Obesity is characterized as a health problem of high prevalence worldwide, and to date, about two thirds of the
US population is affected, generating a high financial cost for health management systems. Traditionally, the model
for the study of obesity has been rodents, mainly rats and mice, and although the obesity field has progressed a lot,
there has been a clear need for a cheaper and more efficient model. C. elegans is a small worm with a life
expectancy of about 21 days that possesses rapid growth and feeds on non-pathogenic strains of Escherichia coli.
This small nematode has about 60 to 80 percent of its genes related to human diseases, and it is now known to the
scientific community that manipulating its genome can provide valuable information to define the pathophysiological
aspects of obesity. C. elegans has been successfully reported as an animal model in research related to nutritional
physiology, in addition to the characterization of several metabolic pathways, storage mechanisms and lipid release.
In recent years, due to the advances of C. elegans in the physiological characterization of lipid metabolism, it is now
possible with its use as an animal model to offer the possibility of in vivo identification of compounds that modulate
fat storage.

Keywords: Animal model; Caenorhabditis elegans; Metabolic;
Obesity

Introduction
Obesity is characterized by being a condition of high prevalence

worldwide, to date, two thirds of the US population is affected [1-4]. It
is associated with insulin resistance and an increased risk of
developing diabetes and cardiovascular disease 4–7. In general, obesity,
diabetes and cardiovascular disease are relatively expensive for health
systems, so finding a solution to the recent obesity epidemic is gaining
increasing importance [8,9].

Traditionally, the model for the study of obesity has been rodents,
mainly rats and mice, and although the field of obesity has progressed
a lot with these animals, advancing in the characterization of metabolic
pathways and functional analysis of new therapeutic approaches.

Over time, there has been a need for an easy to obtain model with
reduced maintenance costs, a short, efficient and functionally similar
life cycle for mammals, since the use of rodents takes time and cost as
well as a large bureaucracy ethics committees [1,10].

C. elegans is a small worm with a life expectancy of about 21 days
that has rapid growth and feeds on non-pathogenic strains of
Escherichia coli [11-14]. It's a little worm from all over the world. As
newly hatched larvae are 0.25 millimeters in length and adults 1
millimeters in length (Figure 1) [11,14].

Figure 1: Life Cycle of C. elegans. Animals grow in size over the four
larval stages, but the sexes are not easily identified for the L4 stage.
In stage L4, hermaphrodites have a conical tail and a developing
vulva (white arrowhead) can be seen as a clear half-circle in the
center of the ventral side. Males have a longer tail (black
arrowhead). In adults, the two sexes can be distinguished by a
longer circumference and a tapering tail of the hermaphrodite and
by the finer circumference and by the fan-shaped tail (black
arrowhead) of the male. Oocytes may be fertilized by sperm from
the hermaphrodite or sperm obtained from males through mating.
Dauer larvae (longer lasting phase) are narrower than all other
larval stages. Photographs were obtained on Petri dishes. Bar 0.1
mm [11].

Taufner et al., J Diabetes Metab 2017, 8:4 
DOI: 10.4172/2155-6156.1000735

Review Article                  Open Access

J Diabetes Metab, an open access journal
ISSN:2155-6156

Volume 8 • Issue 4 • 1000735

Jo
ur

na
l o

f D
iabetes & Metabolism

ISSN: 2155-6156
Journal of Diabetes and Metabolism

mailto:Gabrielhtaufner@hotmail.com


Its small size allows the animals to be observed with the dissecting
microscopes, which have systems up to a magnification of 100X, or
composite microscopes, which allow a magnification of up to 1000X.
The dissecting microscope is used to observe the signals on Petri dishes
(Figure 2A and 2B) as they move, eat, develop, mate, and lay eggs (for
the films that show these features, see http://labs.bio.unc.edu/
goldstein/movies.html). A composite or confocal microscope allows
much finer resolution observation (Figure 2C), allowing researchers to
perform experiments that address issues related to cell development
and a single cell recovery function. As C. elegans is transparent, as
individual cells and the subcellular details are easily visualized using a
Nomarski optic (differential interference contrast, DIC) (Figure 2C).
The enhanced detail can be discerned using fluorescers to label
proteins or subcellular compartments (Figure 2D). Fluorescent
proteins can also be used to study developmental processes, to
investigate mutants that affect development and function of cells, to
isolate cells and to characterize interactions of proteins in vivo [15].

Figure 2: Observing C. elegans. (A) Petri dishes seated at the base of
a dissecting stereomicroscope. Bacterial growth is visible on the
patio surface without internal plaques, but C. elegans are too small
to be seen in this way. (B) C. elegans seen through the dissecting
microscope. The two adults are moving in this view. As tracks on
the plate indicate where the animals have traversed the bacterial
culture. (C) An adult airtight model is seen in a compound
microscope. In all images, the anterior plane is to the left and the
ventral plane is in the background. C. elegans moves from his left or
right side; this image is the front surface for the reader on the left
side. As animals are transparent, one can see, from left to right on
the ventral side, the development of oocytes in the gonads
(rectangular cells with a circular and light nucleus in the interior)
followed by spermathecae (where oocytes are fertilized) and
Multiple embryos: the uterus. (D) Fluorescent image showing the
GFP-labeled nervous system (green fluorescent protein) [11].

This small nematode has about 60 to 80% of its genes related to
human diseases [1,11,16-19], and it is now known by the scientific

community that manipulating it can provide valuable information to
define the pathophysiological aspects of obesity [18].

The high prevalence of obesity and its related disorders highlight the
need to understand the components and pathways that regulate lipid
metabolism, since the energy balance is maintained by a complex
network of regulation [20,21]. The use of a rich genetic model like C.
elegans can complement studies on a mammalian physiology, offering
new opportunities to identify genes and to dissect circuits responsible
for the control of lipid metabolism [22,23]. Many of the components
that are central to controlling human metabolism are preserved in the
worm (Tabel 1) [22]. 

Mammals and Caenorhabditis Elegans

Nuclear hormone receptors
Transcriptional Regulators SREBP (Sterolytic Response Element Binding
Protein)
AMPK-activated kinase
Kinase TOR

Table 1: Central metabolic regulation pathways common among
mammals and C. elegans.

Although the study of lipid metabolism in C. elegans is still
relatively young, some progress has already been made to identify the
genetic pathways that regulate fat storage using dietary compounds
whose performance on obesity is already known. This animal model is
very promising to help unravel the complicated path of genes that
maintain an adequate energy balance. Considering the importance of
the discovery of the pathways of these pathways of lipid metabolism,
this article intends to carry out a bibliographical review on the use of
Caenorhabditis elegans as animal model in the study of obesity.

C. Elegans in the Assessment of Lipid Metabolism
The mammals have as energetic source glucose and lipids. Lipids are

important and present also in structural and physical processes, as well
as being important in paper and in the normal functioning of
membranes and in biosynthesis of hormones. Similar to mammals, C.
elegans contains a large amount of saturated, monounsaturated and
polyunsaturated fatty acids (PUFAs) including arachidonic acid and
eicosapentaenoic acid [24,25]. Many metabolic pathways involved with
the transport cycle and fat metabolism are highly conserved between
C. elegans and mammals (Table 2) [22,26-31].

Despite the similarity of various metabolic pathways, the regulation
of fat of C. elegans differs from mammals in some respects. Unlike
mammals that store droplet-like lipids in adipocytes and hepatocytes
[20,30,32], in nematodes there are no fat cells derived from mesoderm
dedicated specifically to fat storage. These animals store fat primarily in
their intestinal and hypodermic epidermal cells, and since these worms
are transparent, such reserves can be seen directly in intact animals
(Figure 3) [1,33-36]. C. elegans also lacks certain key fat regulation
mechanisms of mammals, for example, a leptin, which is a sign of
nuclear adiposity derived from adipose cells in mammals. C. elegans
are auxotrophic cholesterol, and they should get it through their diet.
Since very small dietary amounts of cholesterol are sufficient for the
viability of C. elegans, it is thought that cholesterol is not a necessary
component of C. elegans cell membranes, but rather is required only
for sterol-based signaling [37]. In addition, unlike mammals, C.
elegans are not dependent on the supply of essential fatty acids (C18:
2n6 and C18: 3n3), as they have the set of desaturases and elongases
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required for the synthesis of these lipids [24]. Despite the observed
differences, a deep evolutionary conservation of the main metabolic
pathways and their regulators suggest that, since analyzes of the lipid
storage pathways in C. elegans should be widely informative.

Mammals e Caenorhabiditis Elegans

Carbohydrate Metabolism

Glycolysis
Gluconeogenesis
Metabolism of Galactose
Metabolism of Fructose and Mannose
Glycosylated pathway
Cycle of citric acid (TCA)

Energy Metabolism Oxidative phosphorylation
Synthesis of ATP

Lipid metabolism

Lipolysis
Carnitine Shuttle
Synthesis of Fatty Acids
Mitochondrial stretching and desaturation
Β-peroxisomal oxidation
Β-mitochondrial oxidation
Synthesis of triacylglycerides
Biosynthesis of phospholipids
Synthesis and use of ketone bodies
Synthesis of sphingolipids and ceramide

Table 2: Common metabolic pathways between mammals and C.
elegans.

Figure 3: Visualization of intestinal lipid droplets in transparent
bodies of C. elegans. (A-B) Chemical structures of Nile Red (A) and
Sudan Black (B). (C-E) Nile Red staining in wild-type N2 animals
(C, D) and tub-1(nr2004) mutants (E). In panels D and E, the head
of the animal is toward the bottom of the panel. (F-G) Sudan Black
staining in wild-type N2 animals (F) and TGF-β receptor daf-1
(m40) mutants. The head of the animal is to the right [30].

The energetic balance of the body is maintained by an extremely
complex network of signaling pathways that operate in many body
tissues, especially adipose and hepatic. This complex network is used to
mediate different aspects of energy balance, including nutrient
absorption, energy storage and modification of food behavior [38]. The
compromise of some of these functions entails an imbalance that will
lead to obesity. The health consequences are significant, since

overweight is correlated with a wide range of pathological conditions
such as cardiovascular disease, type II diabetes and various types of
neoplasms [20,39].

A number of approaches have already been described for the
treatment of obesity, pharmaceuticals based on natural and synthetic
products, physical exercises, and the chemical and nutritional
properties of certain foods have now been considered. Such incessant
pursuit of new approaches is due to the great need, as in recent years
has seen a surprising increase in the prevalence of obesity in many
countries. Concerned about transforming excess weight into a
controllable disease, the need arose to evaluate potential foods that
regulate an energy homeostasis and that facilitate the treatment of
metabolic disorders. Many of these compounds have already been
evaluated, however, they are not reproducible for comparison between
humans and animal models due to the body's sophisticated energy
regulatory network [40].

The common models for the study of metabolic pathways are
mainly rodents, but in recent years, a new model has been deepened.
C. elegans has been successfully reported as an animal model in
research related to the characterization of metabolic pathways and
storage and release of lipids [41-43]. It maintains in its cuticle and in its
intestine a range of biosynthetic and catalytic enzymes, as well as
reserves of lipids within its hypodermis and intestinal cells [1,42]. Using
this small animal model, more than 300 genes were proven to cause a
reduction in body fat when inactivated, as well as another 100 genes
that when inactivated increased or stored fat [33,44]. It was then
proposed that the use of this small worm could be beneficial because of
the sharing of innumerable genes with men. Some studies have already
shown that the nematode has conserved a large part of the energy
homeostasis genes of humans [45].

C. elegans offers a possibility of in vivo identification of compounds
that modulate fat storage due to their reduced size and short life cycle.
Several foods and food components have already been characterized by
reducing fat accumulation of C. elegans. It has been reported
previously that some legumes such as red, black and marine beans act
on longevity and as fat reducers [46]. As well as the use of legumes, it
has been shown that oats, a nutritionally rich cereal, can also prolong
life and reduce fat [47]. It provides antioxidant, anti-inflammatory and
anti-angiogenic properties, and its consumption introduces a low-
calorie intervention through caloric dilution, as well as lowering low-
density lipoprotein cholesterol, reducing body fat and risk factors for
coronary disease [48-53].

Starch in its fermented resistant resistant form and short chain fatty
acids could also play a significant role in reducing fat deposition in
mammals as they act to inhibit intestinal deposition in C. elegans [54].

A variety of fruits like apple, pear, avocado, lemon, papaya,
pineapple, when consumed in certain amounts act satisfactorily in
reducing lipids. However, the momentary focus is on a low-
consumption fruit, known as Cranberry, whose properties can
effectively reduce fat levels. It plays an important role in the inhibition
of lipid storage in C. elegans through potentiation in the performance
of SBP-1 and NHR-49 (nuclear hormone receptor) [55]. The NHR acts
as a metabolic sensor and regulates the energy balance [56]. In the
worm, this sensor resembles that of mammals, and regulates beta
oxidation and expression of other genes that respond to diet. Low
interaction with this sensor results in a high accumulation of fat and a
decrease in mitochondrial beta oxidation [57]. SBP-1 is a crucial
regulator of fatty acid synthesis and lipid homeostasis of this organism.
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By increasing the inhibition of such a regulator, C. elegans shows a
reduction in fat content, a high content of saturated fatty acids, as well
as reduced growth and reduced expression of lipogenic genes
[38,33,58,28,59]. Another compound that is abundant in citrus fruits
like orange and lemon, hesperidin, reduced fat accumulation, affecting
several pathways of metabolism in C. elegans, such as fat-6 e fat-7 [60].

Conclusion
Given the difficulty in using complex animal models of mammals

such as rats and mice, C. elegans emerged as a promising model for the
study of factors that correlate with obesity and lipid metabolism. It was
already known to the scientific community that food has a major
contribution to the regulation of homeostasis of body energy, however,
a model that resembled humans was necessary to continue the
advances in the area. The application of C. elegans, a short-lived worm
with about 65% of genes similar to humans, has opened up a new
range of possibilities for research aimed at developing approaches to
obesity.
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