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I Abstract
Introduction and Objective. Although routine treatment methods aim to aggressively destroy tumour tissues, they
often fail to account for the correlations of tissue destruction and regeneration processes. Despite considerable progress
in the field of oncology, it is worth noting the ancient ways of treatment using products from nature which potentially can
effectively support current therapies.
Review Methods. The literature review used PubMed, Google Scholar, Scopus, Science Direct, Frontiers, Medline, Bookshelf,
and Elsevier databases, taking into consideration publications from the last eight years. However, the subject of research
is niche, forcing the use of older papers.
Brief description of the state of knowledge. Plant extracts or their derivatives, tuberculin or sometimes mushrooms are
most frequently employed in treating cancer. There are also publications on the anti-cancer properties of products from
snail. Some researchers, however, believe there is little merit in turning to ancient methods. Extracts derived from snail
bodies have been demonstrated to induce apoptosis in cancer cells, reduce their viability, and inhibit metastasis while
exhibiting minimal or no detrimental impact on human cells. The interaction between snail hemolymph and anti-cancer
drugs is sometimes synergistic. Snail organisms constitute specific micro-ecosystems that may contain micro-organisms.
which, together with their metabolites, may also play an important role in immunotherapy. This problem, and the studies
presented in the publications, must be verified by multiple methods.
Summary. The products extracted from the snail have the potential to be of significantimportance in the future treatment of
cancer patients. While the findings presented in various studies are valuable, they are insufficient for the reliable verification

of treatment methods, as they are made mainly under in vitro conditions.
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INTRODUCTION

Cancer is the second most frequently recorded cause of death
in the world, including Poland, after circulatory failure [1].
Comparing the differences in the incidence of causes of
death in men and women, it has been shown that the rate of
increase in the incidence of cancer among men and women
in recent years has been similar. In Poland, the highest
incidence among women is cancer of the breast (22.8%),
lungs (9.5%), and colon (9.0%). In contrast, among men, the
incidence of prostate cancer (19.3%), lung cancer (17.5%),
and colorectal cancer (11.5%) dominate. The leading cause
of cancer deaths among both men and women, howevrer, is
lung cancer [2]. The treatment of cancer patients routinely
involves surgery, radiotherapy and/or chemotherapy, and
immune stimulation. Despite some successes in oncology, it
is impossible not to point out that the methods routinely used
are very devastating to the body, and some types of cancer
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are resistant to them, forcing the search for new alternative
treatments [3]. Gene therapy, ablative therapy, sonodynamic
therapy, nanotechnology, and others receive much attention
in research [4, 5].

The methods analyzed and implemented in treatment
standards consider the general characteristics of tumour
tissues. However, it is important to remember that tumours
are diverse in structure and physiological characteristics.
Currently, the search for standard methods of oncotherapy
is based on some common features.

Tumours are not a homogeneous disease and exhibit
different features that are distinct from healthy tissues, in
the same way that cancer patients have diverse individual
characteristics, heterogeneous psychophysical conditions,
and physiological properties. Thus, the standards of treatment
for different cancer patients must also be differentiated, and
there is a need to search for such new treatment methods.
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THE FEATURES OF TUMOURS MOST COMMONLY
CONSIDERED IN THE FORMULATION OF
ONCOTHERAPY METHODS

Ability to induce and support angiogenesis. Tumour
survival and growth depend on a constant supply of
nutrients and oxygen. They also need to be able to remove
metabolites and carbon dioxide. In this respect, tumours
exhibit needs similar to those of healthy tissues. Even though
angiogenesis in humans is very limited and involves wound
healing, the reconstruction of the endometrium during the
menstrual cycle, or perhaps the expansion of the collateral
circulation, there is no ignoring the fact that cancer cells
have a remarkable ability to induce angiogenesis [6]. Blood
vessels in tumour tissue are generally atypical - excessively
branched, larger in size, and exhibit a complex and irregular
course and shape, which often leads to dissection and
microhemorrhages. The activation of angiogenesis is caused
by the disequilibrium of factors that balance this process,
which either induce or inhibit angiogenesis. Thus, the extent
of the angiogenesis is determined by the relationship between
the angiogenic and anti-angiogenic factors. The best known
inducer of angiogenesis is vascular endothelial growth factor
A (VEGEF-A), while the inhibitor is thrombospondin 1 (TSP-
1) [7]. Some oncogenes and cells of the immune system, such
as macrophages, neutrophils, and mast cells, can be involved
in the induction of angiogenesis [8].

Angiogenesis inhibition seems to be an important
component in anti-cancer therapy [9]. However, despite
considerable literature on anti-angiogenic cancer therapies,
they have been subjected to some criticism because, in clinical
observations, these therapies have failed to result in health
improvements, especially in cancers with strongly progressed
tumours. In addition, cancers may become more invasive
and accelerate metastasis as they develop resistance to anti-
angiogenic therapy. It has been shown that inhibitors of
VEGF and its receptors can promote invasive metastasis,
in part through the creation of an increasingly hypoxic
tumour microenvironment [10]. While anti-angiogenic
activity is arguably important in oncotherapy, it may not be
monotherapeutic [9].

Overall, oncology is looking for various factors, mainly
isolated from plants, as well as organisms from other
members of the living world, that have anti-proliferative
and anti-angiogenic activity [11].

Avoiding dysplastic cell death. As mentioned above, the
cancer cell survival rate of patients receiving treatment
underlies the need to search for more effective cancer drugs.
When physiological barriers to carcinogenesis are overcome,
i.e. mutation of suppressor and mutator genes, further stages
of the body’s defence follow. The main protective force against
malignant transformation is programmed cell death. The most
frequent pathway for cancer cells to avoid death is the loss of
TP53 function, and less commonly, decreased expression of
pro-apoptotic factors and increased expression of apoptosis
inhibitory factors, or an increase in the expression of survival
factors. Also, autophagy, which involves the degradation of
cell organelles in autophagosomes, is an important defence
mechanism [12].

Paradoxically, since catabolites or intermediates formed
during lytic processes can be used to feed and regenerate
stressed cells, increased autophagy may have a cytoprotective

effect by providing needed nutrients. It has also been shown
that autophagy can induce not so much cell death as cell
latency. In such a situation, the impact of epigenetic factors
can lead to the resumption of the disease process after
intense treatment. By analogy, necrosis could facilitate
tumour progression by promoting angiogenesis and cell
proliferation, as it releases pro-inflammatory signals, which
causes immune-activated cells to migrate and induce
inflammation [13].

Tumour progression by immune system inhibition. The
prevailing hypothesis suggests that the immune system
continuously monitors and regulates the activities of body
cells and tissues. Consequently, most cells in the early stages
of cancer transformation are identified and destroyed.
Therefore, for neoplasmic changes to occur, intense
carcinogenic conditions must exist, causing mutations in
many cells. In addition, the immunosuppression promotes
the progression of tumours. It is assumed that there is a
correlation between weakened immunity in cancer patients,
although at the same time, quite a few cancers are caused by
viral infection. Thus it can be assumed that this is associated
with increased virulence of oncogenic viruses. The results
of studies on genetically modified mice with a deficiency of
specific elements of the immune system showed that in such
mice induced tumours developed faster than in animals
without genetic modification. In particular, deficiencies in the
function and presence of CD8+ cytotoxic T cells, Th1CD4+
accessory lymphocytes and NK cells, promoted neoplasmic
processes. In addition, a tendency towards neoplastic lesions
has been described in transplant mice without genetic
knockout, only with iatrogenic immunosuppression [14].

Also, ahighriskof cancer hasbeen observed in humans after
transplantation due to the need to use immunosuppression
[15]. It is likely that the cancer cells were originally formed in
the donor. Due to an efficient immune system, they would be
destroyed, but since the recipient must be immunosuppressed,
the cancer cells could survive and undergo progression.

In some human cancers, such as colorectal or ovarian
cancers, it has been observed that within a tumour lesion,
a lymphocyte infiltrate may appear. In such cases, a better
prognosis is associated with the presence of NK cells than
in those instances where such an infiltrate is not found [16].
In addition, it has been proven that tumour cells can secrete
TGF-P and other immunosuppressive factors that inhibit NK
cells and cytotoxic lymphocytes [14].

Alteration of the metabolism of cancer cells. The intense,
uncontrolled proliferation of cancer cells requires a
corresponding change in metabolism. Normal cells under
aerobic conditions convert glucose to pyruvate in the
cytosol and eventually to carbon dioxide and water in the
mitochondria. This results in a considerable energy benefit.
Otto Warburg in the 1930s observed a re-programming of
the metabolic processes of cancer cells in the normal presence
of oxygen. This process was originally referred to as oxygen
glycolysis, but today the phenomenon is called the Warburg
effect. Considering fundamental biochemical knowledge,
this mechanism seems incoherent, because cancer cells must
recompense for the 18 times lower ATP production efficiency,
compared to oxidative phosphorylation. Nevertheless, this
process deserves attention in the search for oncology therapies
[17, 18]. The regulation of GLUT-1 glucose transporters to
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increase glucose import into the cell’s cytoplasm is probably
partially responsible for this. The process of increased glucose
uptake and metabolic conversion by cancer cells has been
demonstrated using positron emission tomography (PET).
Over-expression of GLUT-1 on cell membrane was observed
in greater biological aggressiveness of thyroid cancer, being
found more often in anaplastic thyroid cancers than in well-
differentiated forms [19].

Although the Warburg effect has been known for 100
years, many unexplained problems remain regarding the
phenomenon.

Alternative treatments used today. Related to the subject of
this review, plant extracts or their derivatives are most often
used in oncology therapies [20, 21]. Natural factors also used
in oncology treatment include Mycobacterium tuberculosis
and M. bovis metabolites [22] or products extracted from
mushrooms [23]. Products derived from other organisms
of different taxonomic groups receive much less attention
in oncology [24].

Utilising ancient methods of treatment which to date
are unsubstantiated scientifically, to some seems useless.
Nevertheless, it is worth studying these methods as it may
turn out that their use may have application value. There
are research papers that prove the great medical potential
of pharmaceuticals extracted from invertebrates. Among
invertebrate organisms, Gastropoda seems to be very
interesting. In some cases, products extracted from Mollusca,
one of the most abundant groups of animals on earth, are
already used in pharmacotherapy.

Mollusca colonize aquatic and terrestrial environments,
and include bivalves, snails, and cephalopods, whose culinary
values are used in several cultures. Snails (Gastropoda)
include nearly 65,000 species known so far, living in seawater,
freshwater, or on land. A considerable number of gastropods
are species that possess a sizable shell. Anatomically, the
structure of the snail is composed of three basic elements:
the head, legs, and visceral sacs [25]. The characteristic
spiral body structure of snails is due to interesting, complex
developmental mechanisms [26, 27].

The extraction of bioactive factors from snails has been
a practice for centuries, resulting in products with diverse
therapeutic effects. Scientific literature exists on the anti-
cancer properties of snail products [28, 29]. Novel treatment
methods are founded on the properties of tumours as tissues
and their complexes, physiologically and morphologically
distinct from normal tissues. The study of these features is
of significant importance in the search for new alternative
treatments [30].

The aim of this literature review is to evaluate the possible
anti-cancer properties of snail extracts and the products
derived from them.

REVIEW METHODS

The literature review used PubMed, Google Scholar, Scopus,
Science Direct, Frontiers, Medline, Bookshelf, and Elsevier
databases. Key words searched for were: unconventional
methods in oncology, extracted from snails - mucus,
hemolymph, shells, extract, caviar - in combination with
the phrase anti-cancer/anti-tumour. The review took into
consideration publications from the last eight years. However,

the subject matter is niche and forces the use of older papers.
Data described in non-reviewed sources were rejected. It
is essential to note that publications that merely reiterated
existing content, as well as those that, according to the
authors, did not provide relevant information, were also
excluded from the initial set of literature.

The presented literature review encompasses information
published in English.

The process of selecting the literature included in the
review, along with the decisions made at various stages of
the review, is presented using a PRISMA flowchart (Fig. 1).

Identification of new studies via databases and registers

Records identified from:
Registers (n =2):

Records removed before screening:

Identification:

Unpublished materials (n=1) - Duplicate records (n=17)
Dictionary (n = 1) Records removed for other reasons (n= 97)
Pubmed ete. (n = 330)
Records screened Records excluded
In=218) {n=108)

I

Reports sought for retrieval
tn=110)

Reports nat retrieved
(n=0
Reports excluded:

Sereening

Insufficient novelty (n = 18)
Low significance (n = 24)

‘ Reports assessed for eligibility
Inappropriate data (n = 50)

(n=110)

New studies included in review
(n=18)

Reports of new included studies
(n=43)

Included

Figure 1. Flowchart diagram of the literature review process

DESCRIPTION OF THE STATE OF KNOWLEDGE

Hemolymph. Hemolymph is composed of a complex
mixture of bioactive components in the form of peptide
glycans, glycopeptides, and proteins, compounds which
are active biochemically as well as pharmacologically.
Glycoproteins and peptides with antimicrobial activity are
important components in innate immunity. Metalloproteins
contained in hemolymph exhibit immunostimulatory and
antitumour effects. Carbohydrate groups in hemocyanin are
responsible for the high ability to raise immune activity. In
several studies, treating cells with hemocyanin increased
the humoral anti-tumour response and inhibited tumour
growth and metastasis to nearby tissues and organs [28, 30,
31]. Adding the described extract to pharmaceutical, and
cosmetic products has a stimulating effect on regeneration
and wound healing [31].

Hemocyanins in the hemolymph of Helix lucorum and
Rapana venosa cause a decrease in the viability of bladder
cancer cells. Gene expression studies showed increased
expression of genes responsible for apoptosis and activation
of the immune system [32].

Chiumiento et al. showed that hemocyanin obtained from
Pomacea canaliculata not only induces a pro-inflammatory
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effect on the macrophage cell line THP-1 (Tohoku Hospital
Paediatrics-1) by increasing levels of IL1-p and TNF-a, as
well as promoting phenotypic changes associated with the
differentiation of monocytes into macrophages. In addition,
Pomacea canaliculata and keyhole limpet hemocyanins were
observed to induce the same humoral response in mice. This
represents a promising immunostimulatory property for
oncotherapy, especially since marine snail keyhole limpet
has been extensively studied and successfully used as a
non-specificimmuno-stimulant in the treatment of bladder
cancer [33].

It has been reported that hemocyanins isolated from the
hemolymph of snails H. aspersa, H. lucorum, and R. venosa,
significantly reduced the viability of cells of the HT-29
line [28]. In this case, studies based on microscopic and
submicroscopic analyses and MTT survival assays provided
a basis for reasonable conclusions about the effectiveness of
the formulations.

The effects of hemolymph on the cells studied can be
diverse, such as the inhibition of the cell cycle, reduction
of nutrient supply and metabolite removal, and induction
of cell death. The isolated hemocyanin subunits RvH1 and
RvH2, derived from the snails H. pomatia and R. thomasiana,
respectively, have been observed to elicit disparate outcomes.
This phenomenon was observed in vitro using breast cancer
cell lines - MDA-MB-231, MDA-MB-468, BT-474, BT-549,
SK-BR-3, and MCF-7. It has also been noted that hemolymph
taken from the mentioned species enhances the effect of
cisplatin [34]. At the same time, the examined factors were
shown to be less toxic to the normal human breast cells
MCE-10A.

Hemocyanins from Concholepas concholepas and
Fissurella latimarginata are safe and useful carbohydrate
mimotope transporters, and therefore new equivalents for
increasing peptide immunogenicity potentially important
in cancer vaccine research [35]. In addition to treating
cancer patients, the immunostimulatory properties of snail
hemocyanins can be used in cases of viral infections. For
example, the RVH2-E unit of R. venosa hemolymph has
demonstrated anti-viral activity against the herpes simplex
virus type 1 (HSV-1) [36].

Lectins found in the mucus or hemolymph of snails
deserve separate attention. Despite a considerable number
of literature data suggesting the negative effects of lectins on
the human body, there is a clear contradiction to these data.
A significant number of authors of publications have noted
that glycans, through their diverse polysaccharide structures,
can enhance a myriad of cell signaling pathways involved
in development, growth, immuno-communication, and
viability. Research into the immunostimulatory properties of
glycoproteins extracted from molluscs provides information
on additional possible applications [37, 38].

Currently, Helix pomatia lectin, which recognizes
O-GlcNAcresidues in metastatic breast cancer, and H. aspersa
lectin, which recognizes O-GalNAc on various tumour cells,
are used in oncology diagnostics [37, 38].

In addition, it was found that some lectins did not exhibit
anti-cancer activity; however, most inhibited cell proliferation,
caused cell cycle arrest, and induced apoptosis through the
regulation of intrinsic and extrinsic pathways. Moreover,
immunomodulatory mechanisms were also identified and
considered a valuable resource for cancer treatment. The
anti-cancer effect of hemocyanin has also been confirmed in

vivo for colon cancer in mice. As in Mycobacterium bovis, it
induces a cascade of immune processes that inhibit tumour
growth and metastasis [39, 40]. The authors suggest that
this action may be effective in other types of cancer. It is
noteworthy that this is one of the few studies on the anti-
cancer effects of hemocyanins in broader aspects than in vitro
studies, which translates into survival analysis of organisms,
which is part of preclinical research.

Mucus. Snails produce different types of mucus, containing a
variety of substances that affect their functions. The mucus of
the leg has a watery consistency as it contains about 96-97%
water and limosin. This type of mucus is mainly used for
the movement of the snail. Cryptosin is a type of secretion
produced all over the bodys; its consistency is much denser
and viscous. It has been proven that stressful situations
induce the production of this secretion. The types of mucus
mentioned above have hygroscopic properties [41].

The composition of these secretions is a mixture of
proteoglycans, glycosaminoglycans (GAGs), glycoprotein
enzymes, hyaluronic acid, copper peptides, antimicrobial
peptides (AMPs) and metal ions, such as Zn, Fe, Cu, Mn,
and Se. Studies have shown that the secretion exhibits a
variety of biological activities: anti-microbial, anti-oxidant,
anti-tyrosinase, and anti-cancer [42, 43].

Studies of Hep2G and Caco2 which had cell lines in a
medium supplemented with E. desertorum snail mucus
extract, showed increased expression of anti-oxidants
(catalase, SOD, GSH, among others) in the cells. The
expression of GSTAL, catalase, SOD, GPx, and suppressor
genes (p53, Rb, APC, and PTEN) was also increased [44].

Treatment of the cervical cancer cellline HeLa with Achatina
fulica mucus with the addition of silver nanoparticles,
inhibited these cells. The growth inhibition effect of the
cells tested was directly proportional to the concentration
of mucus [45]. The growth inhibition effect and induction of
apoptosis of melanoma cells (SK-MEL-28 and IGR-39 lines)
under the influence of Helix aspersa mucus were also observed
in vitro [46]. Studies on the effects of Helix aspersa maxima
mucus on the expression of MMP2, a protein involved in
metagenesis, showed that MMP2 expression is only slightly
decreased in SK-MEL-28 cells, but significantly decreased in
the IGR-39 line. This extract blocked the adhesion of IGR-39
cells by inhibiting the function of integrins o f, (45%) and
a B, (38%), and by reducing the expression of integrins a
and B, [47].

A similar study was also performed using mucus from
other snail species. The mucus from Limax maximus and
Arion rufus reduced the metabolic activity of human
keratinocytes (CCD 1106 KERTr) and melanoma cells (A-
375), and also reduced cell proliferation in both cell lines
tested. It can therefore be concluded that the mucus of these
snails shows anti-cancer potential [47]. H. aspersa mucus
reduces the cell viability of the HT-29 line [32, 48]. Mucus
fractions of the snail Achatina fulica reduce the viability of
cells of the mammary cancer line MCF-7, and had the same
effect on kidney cells of the Vero line [47].

All of the snail mucus components may significantly
affect the development and survival of cancer cells [39]. It is
interesting that a positive effect of non-lyophilized mucus on
human dermal fibroblasts of the NHDF lineage was observed
[49, 50].
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Caviar (snail eggs). Snail eggs have a milky colour, are
opaque, and are surrounded by a light-clear delicate shell.
The size of a single egg is about 3-6 mm in diameter, and
weigh 3-6 grams. Lyophilized snail germ extract has active
substances in its composition, such as:

o proteins and phospholipids;

« vitamins A, D, and E, as well as B vitamins;

o elements P, Zn, Mg and Si;

o unsaturated fatty acids.

Analysis of the chemical composition of the embryos of
the large garden snail showed the following: water — 84.5%,
carbohydrates — 6.7%, ash - 5.0%, protein - 3.7%, lipids -
0.1%. However, the species, food, breeding conditions, and age
of snails, affect the differences in the chemical components of
the eggs [51, 52]. Various components of white caviar show
bioactive effects on different cells [53].

According to the study by Matusiewicz et al., treatment
of H. aspersa aspersa and H. aspersa maxima extracts from
eggs for 24h led to a decrease in the survival rate of cells of
the CACO-2 line, compared to cells treated with deionized
water. Such an effect was not observed after treating the cells
for 72h. Treatment with egg extract for 24 also damaged the
cell membranes of the CACO-2 line. However, treatment
for 72h did not affect the secretion of LDH (a marker of cell
membrane breakdown). Egg extracts also induced apoptosis
and reduced the frequency of necrosis in the cells tested. Such
abundant results were obtained using MTT colorimetric
methods, measuring lactate dehydrogenase activity and
determining the type of cell death by flow cytometry [51].
The limiting effect of snail caviar on SCC-25 cells was also
noted in vitro conditions [50]. These studies raise the hope
that white caviar could be used to treat and even prevent
cancer.

Shells. In ancient times, mollusk shells were used in many
medical and paramedical applications. The effect of snail
shell powder on wound healing was observed in vivo studies
in mice; the powder accelerated wound healing, stimulated
angiogenesis, and showed anti-inflammatory effects. The
anti-inflammatory activity of the shells and regulation of the
inflammatory process may be important in cancer treatment,
as inflammation and wound healing show many consistent
mechanisms [54].

Studies of the properties of the powder obtained from
the shells of various snail species showed their anti-oxidant
properties. The effect of the shell on the Caco-2 cancer cell
line was also analyzed, and it was found that although the
anti-oxidantactivity of the shell extract was higher than that
of other parts of the snail, the shell extract did not show a
significant reduction in the viability of the cancer cell line.
The observed result may be attributed to the presence of iron
in the analyzed substrate [29]. Studies have demonstrated that
the Conus geographus shell extract exerts a growth inhibitory
effect on the cells of breast cancer (MCF-7), human epithelial
breast cancer (MDA-MB-231), ovarian cancer (SKOV-3),
and hepatocellular carcinoma (HepG2) cancer lines. The
findings revealed that the C. geographus shell extract exerts
a comparable inhibitory effect on SKOV-3 cells to that of
cisplatin [55].

Extracts of snail body. Among the various studies on
the pharmacological potential of snail-derived materials,

analyses of the effects of snail body extracts on various
normal and tumour-transformed cells are also relevant.

The extract from the snail Helix aspersa induces apoptosis
in appropriate concentrations and necrosis in others, but
unequivocally causes cell death in the Hs578T line. This
extract also increases the expression of TNF-a genes and
decreases the expression of NK-«kB. On the other hand, the
extract has been shown to reduce the expression of the p53
and PTEN genes [56].

The crude extract of Euchelus asper was evaluated for
anticancer activity. The methanolic extract of E. asper was
found to have anti-angiogenic activity in ovo (in feotal
membranes of birds) and anti-proliferative activity in vitro
on A549 lung cancer cells [57]. Diverse methodologies using,
e.g., histological, cytotoxic (SRB), scratch wound healing,
and cell cycle analysis by flow cytometry. The tested extract
also effectively inhibited the proliferation of lung cancer cells
by reducing the expression of MMP-2/9. The potential anti-
angiogenic ability of the methanolic extract of Meretrix casta,
M. meretrix, Telescopium telescopium, and Bursa crumena,
was demonstrated, suggesting a supressive effect on tumour
metastasis [58].

SUMMARY

Each patient presents individual characteristics due to age,
physiological condition, physical activity, etc., therefore, the
treatment of any disease has to be multi-dimensional. The
same is also true for oncological diseases. In addition, cancers
are very heterogeneous. Each patient requires different
treatments depending on the type of cancer, its location,
and propensity to metastise.

In principle, the goal of oncology therapy should be the
destruction of cancer cells with minimal damage to healthy
cells and organs.

Considering the differences between patients and cancer
types, there is a need to search for new factors that enable
targeted therapy [59].

Snail extracts appear to have an activity that meets the above
conditions. They exhibit a broad spectrum of biological activity,
which further increases the therapeutic potential for cancer
treatment. Snail body extracts induce apoptosis of cancer
cells, reduce their viability, have an anti-proliferative effect,
and inhibit metastasis, with little or no damage to human
cells. It is impossible to overlook the regenerative properties of
snail products. Snail hemolymph interacts synergistically with
drugs used in anti-cancer therapy, giving hope for its use in
clinical trials. Despite the results obtained, however, it should
be remembered that most of the studies conducted were in
vitro, so the actual effect may be different in clinical settings.

An important problem in the study of mucus properties
is that it is very labile and its physicochemical properties
change rapidly over time from the moment of secretion.
It would therefore be necessary to consider whether the
sterilization and freeze-drying process is sensible in the
creation of formulations.

Snails that live in the wild maintain a specific microbiome
and microbiota in their bodies. It has been shown that the
various surface and internal spaces of snails constitute specific
micro-ecosystems that may contain microorganisms atypical
of the human physiological microflora. Of the dominant
bacteria, several are known for their ability to metabolize
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complex polysaccharides (e.g. Rhizobium spp., Shewanella
spp., Pedobacter spp., Acinetobacter spp., and Alcaligenes spp.)
[60]. These microorganisms and their metabolites may also
play an important role in cancer immunotherapy [61]. This
forces the verification effects of studies using freeze-dried or
sterilized materials derived from snails.

Unlike mucus, hemolymph and caviar do not need to be
chemically processed.

Among the described anti-cancer factors obtained from
snails, there remain quite a few unknowns. For example,
it has been pointed out that the proportions of essential
components may not be irrelevant. It has even been suggested
that a specific proportion of certain amino acids commonly
found in mollusks, such as Gly, Leu, Ile and Val, may be
important in oncotherapy [43]. It is also important to note
that any physicochemical interference during the extraction
of the test material from the snails may result in an alteration
of the established quantitative and qualitative relationships.

In conclusion, the products extracted from snails could
be of significant importance in treating cancer patients in
the future. It should be noted, however, that a significant
proportion of the studies presented in this review were
based on in vitro methods. In vivo, studies are needed to
assess the potential of Gastropod-derived substrates for new
oncological treatments.

There is a big difference in observing the effects of snail-
derived substances on selected biological processes and in
their medical applications. The current state of knowledge
does not allow us to determine the possibility of developing
oncological treatments using snail products. However, there
is substantial literature indicating an interest in using such
products in oncotherapy. Therefore It is worth noting that
studies on obtaining specific drugs or treatments should
also take into account many of the above-mentioned aspects.
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