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Abstract

Earthworms are important regulators of soil structure and dynamics of soil organic matter. They
are a major component of soil fauna communities in most ecosystems and comprise a large proportion
of macro fauna biomass. Their activities are beneficial because they can enhance soil nutrient cycling
through the rapid incorporation of detritus into mineral soil. However, mucus production associated
with water excretion in earthworm guts also enhances the activity of other beneficial soail
microorganisms. Earthworms alter soil structure, water movement, nutrient dynamics and plant growth.
The medical value of earthworms has been known for centuries. The extracts prepared from
earthworm tissues have been used for the treatment of numerous diseases since they are valuable
source of proteins, peptides, enzymes and physiologically active substances. Several studies have
shown that the earthworm extracts contain different macromolecules which exhibited the variety of
activities, such as antioxidative, antibacterial, antiinflammatory, anticancer etc. Some of these activities
are involved in wound healing process, using the earthworm preparation. In some countries the
earthworms are used as a part of healthy food. They have very high nutritive value because their
bodies contain the high percentage of various proteins. Besides the human food, the earthworms are
used in the feeding of animals (fish, chicken, etc.).
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Introduction

From evolutionary point of view the earthworms diet enrich the soil with nutritive substances, which
(EWs) are very old species. They survived over a stimulate the growth of plants. However, the EWs
million years due to their ability of adjusting to are very important source of diet for numerous
different environmental conditions. Their living place animals in the soil. They are hermaphrodites,
is damp soil enriched with organic substances. They meaning that the each individual has both female
are breading through the skin, and they are very and male systems for reproduction. This
sensitive on changing the temperature, the light and characteristic also contributes to well environmental
on the touch. During the winter they are burying in adjustment, because that the animals are
deeper layer to protect from low temperature, and reproduced very easily. The eggs are hutched in soil
during the summer and dryness to protect from protected with capsule, which arises from the
dehydratation (Brusca and Brusca, 2003). secrets from clitellum (front part). The capsule

Their muscle system is built with circular protects the young worm until complete maturation
(segments) and longitudinal muscles and with their (Pechenik, 2009).
shrinkage and spread the EWs are able to move. The EWs are the major decomposers of dead
The body of EWs is covered with small fluffs, which and decomposing organic matter, and acquire their
is important in environmental adjustment and for nutrition from the bacteria and fungi that grow upon
search of the food in the soil. Waste products of EW these materials. They decompose the organic

matter and make the major contributions to recycling
the containing nutrients. The EWs occur in the
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ponding au warmest soils and many tropical soils. They are

giwsi%h%;d,\f;ecmar Medicine divided into 23 families, more than 700 genera, and
Rudjer Boskovic Institute more than 7,000 species. Their size ranges from an
Bijenicka 54, 10 000 Zagreb, Croatia inch to two yards, and are found seasonally at all
Email: grdisa@irb.hr depths of the soil (Pechenik, 2009).
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This review partially comprises the published
information about versatile use of the earthworms.

Earthworms in soil fertility

The role of EWs in soil fertility is known since
1881, when Darwin published the book entitled “The
formation of vegetable mould through the action of
worms with observations on their habits”.
Thereafter, several studies have been published
(Wardle, 2007). The soil macro invertebrates play a
key role in soil organic matter (SOM)
transformations and nutrient dynamics through
perturbation and the production of biogenic
structures, resulting in amelioration of soil fertility
and land productivity (Mora et al., 2003; Barious,
2007). SOM is an important active carbon reservoir
and fundamental component for soil fertility. It
contributes to a number of soil properties, such as
soil structure, porosity, water retention, cationic
exchange and pH buffering capacity (Lal, 2004; Weil
and Magdoff, 2004). For that purpose the soil
aggregates have been proposed as the structural
units within the soil that control the dynamics of
SOM and nutrient cycling (Tisdall and Oades, 1982;
Lavelle and Spain, 2001; Chevallier et al., 2004;
Fonte et al., 2007; Hong et al., 2011). The major
component of soil fauna communities are the EWs.
In cultivated tropical soil organic matter they are
often related to fertility and productivity. In such
ecosystem the invertebrate communities, especially
EWs, may play an essential role in SOM dynamics
by the regulation of mineralization and humification
processes (Bouche, 1977; Lavelle and Martin,
1992).

The effects of EWs on soil biological process
and fertility level differ in ecological categories.
Anecic species are active in deep mineral layers of
the soil, endogeic species live in the upper mineral
layer of soil, and epigeic species live on the soil
surface (Jones et al., 1994). Mostly, the
combinations of these ecological categories are
responsible for maintaining the fertility of the soil
(Sinha et al., 2003; Bhadauria and Saxena, 2009).

EWs have important role in supplying the
nutrients (N, P, K and Ca) through production of
aggregates and pores (i.e., biostructures) in the soil
and/or on the soil surface, by affecting its physical
properties, nutrient cycling and plant growth (Scheu,
2003; Mora et al., 2005). The effect of EWs on the
dynamics of organic matter varies depending on the
time and space scale considered (Mora et al.,
2005). In the humid tropical environment endogeic
EWs accelerate initial SOM turnover through indirect
influence on soil C as entry of microbial activity
(Haynes and Fraser, 1998; Parmelee et al., 1998).
Also it has been reported that EWs increase the
incorporation of cover crop-derived C into macro
aggregates, as well as into micro aggregates
formed within macro aggregates (Fonte et al.,
2007). Thus, the increased transfer of organic C and
N into soil aggregates implies the potential for EWs
to provide SOM stabilization and accumulation in
agricultural systems.

In addition, EWs also increase nitrogen
mineralization through direct and indirect effects on
the microbial community. The studies have shown
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that the amount of soil nitrogen available for plants
was produced more by activity of EWs than the total
input through the addition of slashed vegetation,
inorganic and organic manure, recycled crop
residues, and weeds (Bhadauria and Ramakrishan,
1996). An important role of EWs is the huge
increase in soil pH. The influence of EWs on N
cycling seems to be defined by the type of cropping
system and the fertilizer applied (mineral versus
organic) (Postma-Blaauw, 1996). Furthermore, the
EWs can also enhance the nutrient availability in
system with reduced human influence, with respect
to tillage, less using mineral fertilizer, and low
organic matter content (Brown et al., 1998; Cortez
and Hameed, 2001). The role of EWs in the
enhancing soil fertility is ancient knowledge, but now
is better explain by scientific results. More details
about this subject have been reviewed by Bhaduaria
and Saxena (2010).

The most important family of EWs in enhancing
agricultural soil is Lumbricidae, which includes the
genus Lumbricus, Aporrectodea, and several
others. Lumbricides originate from Europe and by
human activities they have been transported to
many parts of the world.

Earthworms in medicine

The use of EWs in a medicine was documented
at very early date, in 1340 AD. (Stevenson, 1930;
Reynolds et al., 1972). Moreover, in the folk
medicine (North American Indians, doctors in East
Asia) the EWs have been used for the treatment of
various diseases (Cooper et al., 2004). Traditional
Chinese medicine has also widely used the EWs for
a long time. The research on the pharmaceutical
effects of EWs has been initiated along with the
development of biochemical technologies. Many
bioactive molecules which can be consider as
potential drug have been detected in the EWs.
These molecules exhibited different activities, such
as fibrinolytic, anticoagulative, anticancer,
antimicrobial and thus may be exploited for the
treatment of variety diseases (Cooper et al. 2012).

Immunological recognition

The EW (phylum Annelida, family Lumbricidae)
is one of the first organisms in the evolution that
possess immunological recognition and memory.
The EWSs like the other complex invertebrates
produce several types of leukocytes and synthesize
and secrete the variety of immunoprotective
molecules. They possess innate immunity, as well
as some functions associated with the adaptive
immunity (allogenic tissue rejection) (Cooper et al.,
1995, 1999). The celomocytes involved in innate
immunity, play a central role in the EW immune
system (phagocytosis, releasing of lytic factors)
(Stein et al., 1977, 1981; Cossarizza et al., 1996;
Beshin et al., 2002). The EW celomocyte cells also
provide immune functions and possess several CD
markers (CD11, CD24, CD45RA, CD45R0, CD49b,
CD54 and CD90) associated with innate immunity
(Engelmann et al, 2011). Immuno-protective
molecules  synthesized and secreted from
celomocytes induce agglutination, opsonisation and
lysis of foreign material. In addition, they are



employed in clotting reactions and phenoloxidase
cascade (Cooper et al., 2002; Mohrig et al., 1996).
The carbohydrates, so called lectins are the target
recognition fragments for the EW agglutinins
(Kauschke et al., 2000). The proteases are also
very important factors in the immune system with
their contribution to the destruction of foreign
materials (clot formation, complement activation)
(Soderhall and Cerenius 1998). The patterns of
celomic fluid protease can be considered as species
specific in EW (Mohrig et al., 1989; Kauschke et al.,
1997, 2000). The level of protease pattern and
activity in celomic fluid might be considered as
promising biomarker in environmental monitoring
studies (Kauschke et al., 2007). More details about
EWs proteases can be find in review paper of Pan
et al. (2010).

Fibrinolytic activity

The fibrinolytic system is responsible for the
proteolytic degradation of fibrin and therefore plays
a role in hemostasis and thrombosis (Cesarman-
Maus and Hajjar, 2005). Intravascular thrombosis,
as a result of aggregation of fibrin in the arteries, is
one of the main causes of cardiovascular disease.
The main component of blood clots is fibrin. The
clots arise from fibrinogen after thrombin action.
Formation of fibrin clot and fibrinolysis are normally
well balanced in biological systems. However, the
thrombosis can occur if fibrin is not hydrolyzed as a
consequence of any disorder. The usual outcome of
such thrombosis is myocardial infarction. The fibrin
clots are dissolved by fibrinolytic enzymes. For that
purpose plasminogen activator (t-PA), urokinase
and streptokinase are mostly used. These enzymes
exhibit low specificity for fibrin and have undesired
side effect and are also relatively expensive.
Therefore, the search for other fibrinolytic agent
from various sources continues. The EWs are an
attractive source of the fibrinolytic enzymes and
various physiologically active compounds.

Fibrinolytic enzymes, which are potent and
safe, have been purified and studied from several
species of earthworm, including Lumbricus rubellas
and Eisenia fetida. Its therapeutic and preventive
effects on thrombosis-related disease have been
clinically confirmed.

The presence of fibrinolytic activity in coelomic
fluid or tissue homogenate from EWs has been
reported previously. First isolation of the EWSs
fibrinolytic enzymes (EFE) were published in 1980’s.
In crude extract of EW L. rubellus Mihara et al.
(1983) found the lumbrokinase that exerted the
fibrinolytic and thrombolytic activities. Many authors
have isolated and characterized similar enzymes
from different species (E. foetida, Lumbricus
bimastus) (Lu et al., 1988; Hrzenjak et al., 1991,
1998; Cheng et al., 1996; Lin et al., 2000; Xu et al.,
2002; Wang et al., 2003; Li et al., 2003; 2012), and
since that time, the medical value of EWs has been
investigated in more details. Most earthworm
fibrinolytic enzymes showed distinctive high stability
and strong tolerance to organic solvents and high
temperature. It was found that EW extracts could
significantly diminish the coagulation of platelets
and promote the dissolving of thrombi in the blood.
Because of that, they should be used for the
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treatment of cardiac and cerebro-vascular diseases.
After oral administration to the patients, EW
fibrinolytic enzyme reduced coagulation of fibrin and
blood platelets (Ryu et al., 1994; Lijnen et al., 1995;
Gao et al., 1999: Zheng et al., 2000), and had no
adverse effects on the functions of the nervous
system, respiratory system, cardiovascular vessels,
liver and kidneys (Stein et al., 1982; Valenbois et
al., 1982; Hirigoyenberry et al., 1990; Cho et al.,
1998). The fibrinolytic enzymes have very specific
way of absorption. They can exert the biological
function in circulation after the transport into blood
through intestinal epithelium (Fan et al., 2001). On
the other hand the fibrinolytic enzymes like
urokinase and tissue plasminogen activator could
be administrated by intaraperitoneal injection rather
than orally. The potential use of fibrinolytic enzymes
in the prevention and treatment of serious cardiac
and cerebro-vascular diseases has been very
attractive in medicine and pharmacology. Besides
their use as therapeutics, fibrinolytic enzymes could
be also used in degradation of organic waste
products from the food and livestock industry
(Nakajima et al., 2000). In addition the EWs are very
cheap source of biologically active molecules.
However, many details about fibrinolytic enzymes
from EWs have been reviewed by GrdiSa et al.
(2009).

Hemostatic activity of tissue extract of E. foetida
(G-90) was also proved in an in vivo system
(Matausic-Pisl et al., 2011). Because of remarkable
degree of fibrinolytic and anticoagulation activity this
extract exhibited the significant effect on bleeding
and coagulation times, after administration in Wistar
rats. The effect was very similar to that of heparin.
Therefore, G-90 could represent a new source of
fibrinolytic and anticoagulation enzymes suitable for
future application in human and veterinary medicine.
A similar effect has already been seen with a crude
extract of earthworms L. rubellus (Nakajima et al.,
1993; Cho et al., 2004; Popovi¢ et al., 2005). The
authors have shown that mixing of blood with that
extract prolonged the clotting time.

The studies of different authors have also
indicated that the celomic fluid of EWs exhibits other
biological functions, including bacteriostatic (Cooper
et al., 2004; Popovi¢ et al., 2005), proteolytic
(Nakajima et al., 1993; Wang et al., 2003), cytolytic
(hemolytic) (Popovi¢ et al., 2001; Prochazkova et
al., 2006; Matausi¢-Pis| et al., 2011), and mitogen
activity (Hrzenjak et al., 1993).

Antitumor activity

Antitumor effect of the macromolecules from
EWs has been determined in in vitro and in vivo
studies. However, the interest in EFE has also been
increased. It has been shown that EFE isolated from
E. foetida exhibits antitumor activity against the
human hepatoma cells in vitro and in vivo (Chen et
al., 2007). Hepatocellular carcinoma (HCC) is the
fifth most common cancer and the third leading
cause of cancer related mortality worldwide
(Sherman and Takayama, 2004). It seems that EFE
induced apoptosis in these cells. The results
indicated that EFE could be used in treatment of
hepatoma. Moreover macromolecular mixture (G-
90) from the tissue homogenate of E. foetida



inhibited the growth of melanoma cells in vitro and
in vivo (Hrzenjak et al., 1993). Such effects have
also been seen with coelomic fluid of E. foetida.
Isolated coelomic cytolytic factor 1 (CCF-1) was
capable of lysing different mammalian tumor cell
lines (Bilej et al., 1995). Similar antitumor effect of
the earthworm extracts has been detected by
different authors (Chen et al., 2001; Hu et al., 2002;
Xie et al., 2003; Yuan et al., 2004).

Antipyretic and antioxidative activities

Antipyretic activity has also been detected in
the EWs Lumbricus spp. and Perichaeta spp. (Hori
et al.,, 1974), as well as in the paste obtained from
EW Lampito mauritii (Balamurugan et al., 2007).
This activity was similar to that obtained with aspirin
(Ismail et al., 1992). The paste from L. mauritii has
also shown remarkable antipyretic and antioxidative
actions in the treatment of peptic ulcer in rats
(Prakash et al., 2007). After paracetamol-induced
liver injury in Wistar rats, the hepatoprotective
potential of extract from L. mauritii has been
observed (Balamurugan et al., 2008).

The protection of human body from free
radicals is very important since it is connected with
the retention of progress for many chronic diseases.
Non-enzymatic antioxidants such as glutathione,
vitamins C and E, Tocopherol and Ceruloplasmin
protect the cells from oxidative damage (Aldrige,
1981). The enzymatic antioxidants, such as
superoxide dismutase, catalase and cyclooxigenase
protect the cells from lipid peroxidation and they are
very important scavengers of superoxide ion and
hydrogen peroxide (Scott ef al., 1991). Discovery of
antioxidative activity in different EW preparations
has been promising (Grdisa et al, 2001;
Balamurugan et al., 2007).

Antibacterial activity

During the 700 million years of their existence,
EWs have evolved in the environment replete with
microorganisms, some of which threaten their
existence, therefore they have developed efficient
defense mechanisms against invading
microorganisms. There is a variety of relationships
between EW and microbes: (1) microbe as food for
earthworm, (2) microbes as nutritive material for
growth and reproduction, (3) microbes-mostly Gram
positive, pathogenic are digested by EW and
thereby facilitate multiplication of useful microbes in
the gut and (5) microbes are distributed to new
places in soil (Ranganathan, 2006; Parthasarathi et
al., 2007).

The molecules which defend the EWs from
microbes have been detected in the celomic fluid of
Lumbricus and Eisenia (Stein et al, 1982;
Valembois et al., 1982). This activity is attributed to
some proteins, such as lysozyme and fetidins
(Hirigoyenberry et al., 1990; Milochau et al., 1997).
Few reports are also available regarding
antimicrobial agents from EWs tissue (Cho et al.,
1998; Popovic¢ et al., 2005).

Wound-healing activity

Many scientists and medical communities have
been searching for way to improve wound care and
promote wound-healing. Skin wound healing is a
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complex process characterized by re-epithelization
and restoration of the underlying connective tissue.
A number of overlapping phases are involved.
During this process, keratinocytes, endothelial cells,
fibroblasts and inflammatory cells proliferate and/or
migrate to the site of injury, interacting both with
each other and with extracellular matrix (Gailit and
Clark, 1994). Cell migration and tissue remodeling
which take place during the course of the wound-
healing process require controlled degradation of
extracellular matrix and activation or release of
growth factors (Vassilli and Saurat, 1996). Along the
line of neo-vascularisation, matrix-generating cells
move into the granulation tissue. These fibroblasts
degrade the provisional matrix and respond to
cytokine/growth  factors by proliferating and
synthesizing new extracellular matrix.

The agents with biomedical potential, prepared
or isolated from the EWs, have been used in wound
care. Characteristics of EWs homogenate/paste,
which could contribute to better healing of wounds,
have been reported (Hrzenjak et al., 1993, 1998;
Popovi¢ et al., 2001; Grdisa et al., 2001, 2004;
Cooper et al., 2004; Popovi¢c et al., 2005;
Balamurugan et al., 2007; Prakash et al., 2007).
Mitogen, antibacterial, hemostatic and antioxidative
activities have an important influence on the healing
and epithelization of wound. Macromolecules from
EWs also stimulate the synthesis of EGF and FGF,
the factors involved in epithelization process (GrdiSa
et al.,, 2004). The earthworm preparations from L.
rubellus and E. foetida promoted wound healing (Li
et al., 2000; Matausi¢-Pisl et al., 2010). Both
preparations shortened the healing time by
increasing epithelization, granulation and synthesis
of collagen.

Pasta, obtained from EW L. mauritii, Kinberg,
exhibited variety of activities, such as
antiinflammatory, antioxidative and hepatoprotective
activities (Balamurugan et al., 2007; Prakash et al.,
2007). Due to the properties of animal extracts, they
should be considered in the treatment of wounds as
well as different human diseases. Thus, the EWs
could be handy and low cost source of bioactive
molecules that are involved in wound healing
process.

Earthworms as a food

Despite unusual perception, the EWs have
been used as food for humans. Due to high nutritive
value and abundance of the proteins they are basic
of healthy diet. According to the literature data the
EWs contain about 60-70 % of proteins (Zhenjun et
al., 1997; Medina et al., 2003; Zhenjun, 2005).
These authors have also reported that the presence
of essential amino acids, especially a tyrosine, is
much higher in the body of EWs than it is
recommendation of FAO. Besides the human diet,
the EWs have been used in the feeding of fish
(Vassilli and Saurat, 2010), as well as the chicken
(Taboga, 1980).

The group of scientist of Royal Society
(London, UK) have published (2003) the study
about nutritive properties of the earthworms and
their usage in the diet of Yekuana people from
Venezuela (Paoletti et al., 2003). In their diet they



are using two species: Andiorrhinus
(Amazonindrilus) motto (Righi et al., 1999), which
live in drift of sludge, it is white and known under the
name “motto”, and Andiorrhinus (Andiorrhinus) kuru
(Moreno and Paoletti, 2004), which lives in forest
soil, and it is known under the name “kuru”. The
Yekuna people eat them raw (uncooked) or after
treatment in water at the temperature around 60 -
70 °C or after drying in the smoke. These smoked
EWs are considered as speciality and the price is
very high. Beside using the EWs as food the folk
doctors also advise their usage against malaria and
anemia. Investigation on these two species of EWs,
Paoletti et al. (2003) have found 18 amino acids
incorporated in the proteins, which represents 64.4 -
72.9 % of total mass of the EWs. Also they have
found 20 minerals, such as calcium and iron (the
content of iron in these species is 10 times higher
than in soya bean), and some elements in trace, as
well as omega-3 and omega-6 fatty acids.
According to this data, the EWs “motto” and “kuru”
are assumed as the best food for fulfilling all
requirements of the human body.

Some fatty acids (palmitate, oleic, octadecanoic
acids) have been detected in E. foetida (Roubath-
Sadiqui and Marcel, 1995) with the highest content
before complete maturation. The same authors
declared that Eisenia foetida also contain the high
percentage of proteins (58 %).

Many restaurants in Mexico have on their menu
variety of EWs, and in Japan the EWs are very
appreciate as a food in combination with soya been
or supplementation in juices. On the other hand in
some part of Asia, Africa and South America the
EWs have been introduce in everyday diet.

Conclusions

Earthworms improve soil fertility, for which they
need certain conditions and organic matter for food.
It has been shown that the presence of earthworms
in soil remarkable increase the yield of crops. In
addition, the earthworms are valuable and low cost
source of many bioactive molecules, which could
find place in human and veterinary medicine. Thus,
it is obvious that earthworms have a whole variety of
application, from environmental protection, medical
use and nutrition production.
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