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Eremina desertorum snail mucin antioxidant and anti-inflammatory effects were investigated
against carbon tetrachloride (CCl4)-intestinal inflammation and testes damage. Male albino
mice were intraperitoneally injected with 0.5 ml/kg b.wt of 40% CCl4, twice a week for 8
weeks. The treated groups were treated orally with mucin (after 8 weeks of CCl4 intoxica-
tion, twice a week for 4 weeks). CCl4 caused significant increases in C-reactive protein,
lipid peroxidation, interleukin-2 levels and caspase-3, while decreasing the total proteins
levels, activities of catalase, superoxide dismutase, and glutathione reductase contents,
testosterone and 17β estradiol levels compared with the control mice. The improvements
of these parameters occurred after treatment with E. desertorum mucin, where all the bio-
chemical measurements tended to restore to the normal values. Histopathologically, CCl4
caused ulceration in the columnar mucin secreting cells that lined the ileal mucosa, partial
loss of goblet cells, abnormal villous/crypt ratio, and submucosal infiltrate of the inflamma-
tory cells. Also, sections of testis showed alterations in the developmental spermatogenic
arrangement of the same seminiferous tubules, with no spermatozoa in the center. Improve-
ments in these architectures occurred after administration of mucin, where sections showed
almost normal histological structure. In conclusion, E. desertorum mucin could be used as
a supplementary material as it has antioxidant and anti-inflammatory effects; besides it has
low cost.

Introduction
Phylum Mollusca contained widely distributed invertebrates that inhabited marine, freshwater and terres-
trial habitats [1–3]. Many species belong to this Phylum are characterized by having bioactive components
that have antioxidants, antibacterial, anticancer, and antiviral activities [4]. Due to the higher protein con-
tent of the land snails tissues, they were used as food resources in many countries [5]. Besides being used
in folk medicine, their mucous has drained a wide concern nowadays [2,6,7]. The mucous contained a
beneficial pharmacological materials that could be used in the biomedical applications like glycosamino-
glycan and mucopolysaccharides [8,9]. Recent studies confirmed that the mucous of Helix aspersa snails
contained natural antioxidant and anti-inflammatory components that ameliorated colon inflammation
[10–12]. Mucin is a derivative from mucous that has many advantages and curative effects in wound heal-
ing and skin disturbances [10,13] as it could inhibit the inflammatory process due to its protein content
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[9,13]. Also, it could be used as antioxidant and hepatoprotective agents against CCl4-induced liver damage [7].
Eremina desertorum (Forsskal, 1775) snails lived in deserts and secreted mucus from their pedal gland [13,14].
GC-MS/MS analyses led to the identification of 10 compounds that were sesquiterpenes, fatty acid esters, monoter-
penes, and quinolones [7]. Furthermore, the study of Atta et al. [15] proved that mucin extracted from E. desertorum
snails’ mucus had promising effects against cancer and oxidative stress damages; thus, it could be used as a natural
therapeutic source fighting colon and liver cancers.

Several environmental toxicants could cause severe damages to different organs of the body [16]. Carbon tetra-
chloride (CCl4) is an organic compound used as solvent of oil, in the fumigation of grains, in dry cleaning and as
an insecticide [17,18]. The action of CCl4 depends on the induction of oxidative stress and causing acute hepatic
damage in experimental models [19,20]. It is not only toxic to liver but also to brain, lung, heart, intestine, kidney
and testes [21]. The oxidative damage that occurred by CCl4 in tissues is due to lipid peroxidation after conversion
of CCl4 to trichloromethyl radicals, which is highly toxic free radicals [21]. The increased production of CCl3 free
radicals resulted in the increase of lipid and protein oxidation leading to many pathological alterations [22]. These
consequences lead to a great inflammatory effect on intestinal mucosa where CCl4 inhibited protein synthesis when
added in vitro and due to increased lipid peroxidation [23]. Testes have a great affinity to accumulate CCl4 and this
could lead to severe damages in it [20]. CCl4 resulted in the changes in the testes architecture where it increased the
sperm shape abnormality and sperm DNA tail moment [22,24].

Therefore, the current study aimed to investigate the ameliorative effects of E. desertorum snails’ mucin on ex-
perimentally induced intestinal inflammation and testes damages by CCl4, through studying different biochemical,
histopathological parameters.

Materials and methods
Preparation of the E. desertorum slime and mucin
To extract the slime, we used the simplest means in heliciculture, and this allowed us to have a pure fresh slime. Briefly,
a sterile wooden rod was used to stimulate the snail, by rubbing its muscular foot with rod, enhancing the snail to
secret more slime. The slime collected was kept in a sterile container and then preserved at (−30◦C) until further use.

In a 40◦C water bath, the slime was macerated for 24 h. The process of mixing the water twice the number of
samples added to the slime yielded a fraction containing water-soluble slime. The supernatant was received as WSF
(water-soluble fraction). The WSF slime fraction (mucin fraction) was obtained by ethanol precipitation, which in-
volved mixing the supernatant from the water maceration with an absolute ethanol ratio of 1:3 and centrifuging it for
30 min at 2900 × g. After re-dissolving the precipitate (5 g) in Tris-HCl, the mucin fraction was recovered [9].

Animals
White male albino mice of CD1, aged 6–8 weeks and weighing (18–20 g), were obtained from the Animal House
from the Schistosome Biological Supply unit, Theodore Bilharz Research institute, Giza-Egypt (SBSP, TBRI). Mice
were maintained for 2 weeks in plastic cages in an animal room, at temperature ranging between 20 and 25◦C and were
fed Purina chaw (20% protein) and given tap water. All ethics were approved by the Ethics Committee of Theodor
Bilharz Research Institute (TBRI) number [PT (511)]. All animal experiments took place at Bilharz Research Institute.

Experimental design protocols
The mice were randomly divided into three groups (20 mice each) as follows:

- Negative control group: 20 mice were injected intraperitoneally with 0.5 ml/kg b.wt of sterile olive oil twice a week
for 8 weeks.

- Positive control group: 20 mice were injected intraperitoneally with 0.5 ml/kg b.wt of 40% CCl4 (a mixture of pure
CCl4 obtained from Adwic Chemicals Co. (Cairo-Egypt) and sterile olive oil v/v), twice a week for 8 weeks.

- CCl4+Mucin group: 20 mice were orally administered, after 8 weeks, 20 ml of mucin/kg, twice a week for 4 weeks.

After the end of the experimental period (12 weeks), all animals were killed by cervical dislocation and blood
samples were collected.
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Serum preparation and biochemical investigation
Blood was allowed to stand at 37◦C for 1 h, then over night at 4◦C, and centrifuged at 3000 × g for 30 min. Sera were
separated and heat-inactivated at 56◦C for 30 min and stored in aliquots at −20◦C, until use. After 15 days of the ex-
periment, all animals were anesthetized with chloroform for 2 min before withdrawal of blood samples; a capillary was
inserted in the cavernous sinus of the animal and blood obtained was directly collected in dry tubes for the analyses
of C-reactive proteins (CRP). All tubes undergone centrifugation at 5000 × g for 10 min. The supernatants were col-
lected and conserved at –30◦C until use. CRP serum levels were measured by an immunoturbidimetric method using
commercial Randox kit (U.K.) with standards [10]. Total protein concentration was determined in liver homogenate
and serum according to the method of Doumas [25].

Investigation of the oxidative stress biomarkers
The supernatant of the tissue homogenate for each group was used to investigate the oxidative stress enzymes. To
determine superoxide dismutase (SOD) and catalase (CAT) concentrations, bio diagnostic kits (Biodiagnostic, Giza,
Egypt) were used. The tissue malondialdehyde (lipid peroxide) activity was estimated according to Ohkawa et al. [26],
and by using the method of Ellman [27], reduced glutathione (GSH) was evaluated.

Enzyme-linked immunosorbent assay (ELISA)
Serum murine IL-2 levels were detected using ELISA kit (SinoGeneClon Biotech Co., Ltd) according to Engvall and
Perlmann [28]. The cytokine concentration was obtained from a regression curve prepared with the help of microplate
manger software (Bio-Rad).

Caspase-3 activity was determined according to Bonomini et al. [29]. The released p-nitroaniline (pNA) moiety
concentration was measured colorimetrically at 405 nm.

Investigation of testosterone and 17β estradiol hormones in serum
Testosterone hormone activity was determined in serum of all groups according to the manufacturer instructions of
testosterone ELISA kit (Enzo Life Science, Michigan, U.S.A., ADI-900-065) while 17β estradiol was analyzed accord-
ing to ELISA kit (Cayman Chemical Company, Michigan, U.S.A., item no. 582251).

Histopathological studies
Ileum and testes tissues were isolated from each group, washed with saline and fixed in 10% buffered formalin. Fixed
samples were dehydrated in ascending series of alcohol, then cleaned with xylene and embedded in paraffin. Sections
of the tissues 5 μm thickness were prepared and stained with hematoxylin and eosin (H&E).

Statistical analysis
The data were represented as mean +− S.D and by using Student’s t-test, the comparison between two means was
conducted. The P value less than 0.05 was considered as statistically significant. The data analysis was done with
SPSS version 20.

Results
The current results showed significant increases (P<0.01) in CRP accompanied with a significant decrease in the total
proteins levels in CCl4 intoxicated group compared with those of the normal group. While, mice received CCl4 and
E. desertorum snail mucin showed significant improvements in these parameters compared with the group received
CCl4 alone (Figure 1A,B).

Intoxication of mice with CCl4 significantly increased (P<0.01) MDA levels, while decreased the activities of CAT
and SOD and GSH contents compared with control normal group. On contrast, the administration of E. desertorum
snail mucin resulted in significant improvements in all of these parameters compared with CCl4 intoxicated group to
restore the normal readings (Figure 2A–D).

The present investigation showed that mice induced with CCl4 has significant (P<0.05) increase in IL-2 level and
caspase-3 activity compared with control group. On contrast, the administration of E. desertorum mucin resulted
in significant improvement (P<0.05) in IL-2 level and caspase-3 activity compared with those of mice administered
CCl4 alone (Figure 3A,B).

The present results revealed that CCl4 intoxicated mice had significant decreased (P<0.05) in testosterone (T) and
17β estradiol (E) compared with control group. While the administration of E. desertorum mucin caused significant
increase (P<0.05) in both T and E compared with intoxicated group (Figure 4A,B).
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Figure 1. Effect of CCl4 and E. desertorum snail mucin treatment on CRP and total protein

Effect of CCl4 and E. desertorum snail mucin treatment on (A) the CRP and (B) total protein of treated mice. Data are presented

as means and standard deviation. Significant differences between control and treated mice are indicated with a at P<0.05. While,

significant differences between CCl4 and CCl4+Mucin treated mice are indicated with b at P<0.05.

Histopathogical sections of ileum after intoxication with CCl4 showed that there was ulceration in the mucin se-
creting cells with partial loss of goblet cells, atrophic mucosa (with abnormal villous/crypt ratio) and submucosal
infiltrate of inflammatory cells. While mucin treated group showed ileal mucosa lined by columnar mucin secreting
cells with mild broad and blunt villous and mild depletion of goblet cells normal mucosa (with normal villous /crypt
ratio), and submucosa and villous core are infiltrated with mild number of lymphocytes, muscle layer (Figure 6A–C).

Also, the present histopathological sections of testes showed that intoxication with CCl caused degeneration with
lose of spermatogenic series in some of the same seminiferous tubules, with no of spermatozoa in the center, few
normal seminiferous tubules with incomplete spermatogenic series (Figure 5B). While section of testis from mucin
treated group restored its normal histopathological nature of mature active seminiferous tubules with complete sper-
matogenic stages, primary spermatocyte, spermatid with moderate number of spermatozoa in the center (Figure 5C).

Discussion
Supplementary medicaments of natural origin could decrease the oxidative stress occurred in the damaged tissue
[30]. In a previous study, carried out by Ibrahim et al. [7], the GC-MS analysis of mucin extracted from mucus of
E. desertorum snails confirmed that it had many active bio-components like benzo[f]quinoline, cyclopentasilox-
ane, decamethyl, glycerol 1,2-diacetate, hexadecanoic acid, ethyl ester, tert-butyldimethylsilyl ester; and thiophene.
In addition, Sallam et al. [31] stated that GC-MS analysis of the mucus of Theba pisana, Eobania vermiculata and
Monacha obstructa snails, showed the presence of Oxime, methoxy-phenyl and cyclotrisiloxane, hexamethyl as ma-
jor components in their mucous. These materials have antioxidant and anti-inflammatory activities [10,14]. More-
over, Ibrahim et al. [7] revealed that E. desertorum mucin could be used as a potential antioxidant, hepatoprotective
and anti-inflammatory agent for hepatic disorders against CCl4 induced hepatotoxicity.

Formerly, the slime of Helix aspersa snails was confirmed to ameliorate colon inflammation as it contained
anti-inflammatory and antioxidant components [10]. Recently, El-Zawawy and Mona [32] confirmed that mucous
extracts from E. desertorum snails have higher biological effects compared with H. aspersa, which recommended to
be used for human therapies.
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Figure 2. Effect of CCl4 and E. desertorum snail mucin treatment on malondialdehyde and antioxidant enzymes

Histogram shows the effect of CCl4 and E. desertorum snail mucin treatment on the mean levels of (A) malondialdehyde (MDA);

(B) reduced glutathione (GSH); (C) the mean activities of superoxide dismutase (SOD), and (D) catalase (CAT) enzymes of treated

mice. Data are presented as means and standard deviation. Significant differences between control and treated mice are indicated

with a at P< 0.05. While, significant differences between CCl4 and CCl4+Mucin treated mice are indicated with b at P<0.05.
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Figure 3. Effect of CCl4 and E. desertorum snail mucin treatment on IL-2 level & caspase-3 activities

shows the effect of CCl4 and E. desertorum snail mucin treatment on (A) IL-2 level and (B) caspase-3 activity of treated mice. Data

are presented as means and standard deviation. Significant differences between control and treated mice are indicated with a at

P<0.05. While, significant differences between CCl4 and CCl4+Mucin treated mice are indicated with b at P< 0.05.

Figure 4. Effect of CCl4 and E. desertorum snail mucin treatment on Testosterone and 17β Estradiol

Histogramshows the effect of CCl4 and E. desertorum snail mucin treatment on (A) Testosterone (T) and (B) 17β Estradiol (E). Data

are presented as means and standard deviation. Significant differences between control and treated mice are indicated with a at

P<0.05. While significant differences between CCl4 and CCl4+Mucin treated mice are indicated with b at P< 0.05.
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Figure 5. Photomicrographs for testis sections stained with hematoxylin and eosin (H&E)

Section of testis showing: (A) normal control group with normal histopathological structure of mature active seminiferous tubules

with complete spermatogenic series, primary spermatocyte (black arrows), spermatid (green arrow) with large number spermatozoa

in the center (red arrow). (B) Intoxicated CCl4 group with degeneration and lose of spermatogenic series in some of the same

seminiferous tubules (black arrow), with no of spermatozoa in the center (red arrow), few normal seminiferous tubules (yellow

arrow) with incomplete spermatogenic series. (C) Mucin treated group showing mostly almost normal histopathological structure

of mature active seminiferous tubules with complete spermatogenic series, primary spermatocyte (black arrows), spermatid (green

arrow) with moderate number of spermatozoa in the center (red arrow). H&E, ×200 right side, ×400 left side.

CRP is a protein that produced in the site of the inflammation by hepatocytes and considered as a good biomarker
of measuring the inflammation [33]. The present results showed that there was a significant increase in CRP accom-
panied with a significant decrease in the total proteins levels in CCl4 intoxicated group compared with those of the
normal group. While the group received CCl4 and mucin showed significant improvements in these parameters com-
pared with the group received CCl4 alone and tried to restore the normal level. These results in a good accordance
with [10] who revealed a significant decrease of CPR in group took slime of H. aspersa and acetic acid compared with
acetic acid group. They suggested that the slime might have anti-inflammatory properties. Also, the reduction in total
protein concentrations after CCl4 intoxication might be due to liver damage through induction of lipids peroxidation
and cellular membrane inflammation [34].
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Figure 6. Photomicrographs for ileum small intestine sections stained with hematoxylin and eosin (H&E)

Histological sections of ileum small intestine. (A) normal control group showing ileal mucosa lined by columnar mucin secreting

cells with normal villous pattern and goblet cells (black arrow) normal mucosa (with normal villous/crypt ratio) (red arrow), and

sub mucosa (yellow arrow), muscle layer (green arrow). (B) (+ve control), showing ileal mucosa lined by columnar mucin secreting

cells with ulceration (black arrow), short blunting of villi and broad villi (yellow arrow), with partial loss of goblet cells, atrophic

mucosal mucosa (with abnormal villous/crypt ratio) (red arrow) and submucosal (green arrow) infiltrate of inflammatory cells. (C)

Mucin treated group showing ileal mucosa lined by columnar mucin secreting cells with mild broad and blunt villous (yellow arrow)

and mild depletion of goblet cells (black arrow) normal mucosa (with normal villous /crypt ratio) (red arrow), and submucosa and

villous core are infiltrated with mild number of lymphocytes (green arrow), muscle layer (green arrow); H&E, ×100 right side, ×200

left side.

The antioxidant markers included enzymatic (GST, SOD and CAT) and non-enzymatic (GSH) markers played
a vital role in protection the organisms from oxidative stress and suppression of its cellular damage [35]. GSH is a
non-enzymatic free radical quencher acting as a substrate for the antioxidant enzyme, glutathione transferase (GST)
[20]. The induction of SOD/CAT system could be a first line defense against the overproduction of reactive oxygen
species inside the tissue due to the increase of lipid peroxide MDA [19]. The present investigation showed that the
intoxication of mice with CCl4 significantly increased MDA level, while decreased the activities of CAT and SOD and
GSH contents compared with control group. On contrast, the administration of E. desertorum snail mucin resulted
in significant improvements in all of these parameters compared with CCl4 intoxicated group to restore the normal
levels. These results were in consistence with previous study of Safhi [36] who reported that that CCl4 could reduce
CAT, GSH, GST and SOD activities in mice compared to normal group and confirmed that zingerone had ameliorated
effects on CCl4 induced nephrotoxicity through increasing the antioxidant enzymes than CCl4 treated group.

The present investigation showed that mice with CCl4 had significant increase in IL-2 level and caspase-3 activity
compared with control group. On contrast, the administration of E. desertorum mucin resulted in significant im-
provement in IL-2 level and caspase-3 activity compared with those of mice administered CCl4 alone. Wang et al. [37]
correlated the hepato-protective effects of zerumbone to the down-regulating the inflammatory response through the
decrease in the production of inflammatory cytokines TNF-α and IL-6 in CCl4-intoxication mice. Also, Safhi [36]
reported that CCl4 increased the cytokines such as IL-1β, IL-2 and TNF-α levels as compared to normal group, while
after the treatment with zingerone significantly decreased inflammatory cytokines.

Caspase-3 is a marker of cell death protease and plays a vital role in apoptosis, therefore its overexpression is a sign
of great damage in the tissue [20]. Abdel Moneim [20] showed an increase in caspase-3 positive cells in the testes
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of rats intoxicated with CCl4 and related this increase with the necrosis in the testes, oxidative stress and increases
apoptosis. However, Physalis peruviana fruit could protect testes against CCl4-induced apoptosis by inhibiting the
expression level of caspase-3.

Carbon tetrachloride could damage all organs of the body; the central nervous system, the liver, kidneys, intestine
and testes. So, it might affect pituitary hormone secretions [24]. The present results revealed that CCl4 intoxicated
mice had a significant decrease in testosterone and 17β estradiol compared with control group. While the adminis-
tration of E. desertorum mucin caused a significant increase in both T and E compared with intoxicated group and
tried to restore the normal values. These results were in good accordance of Abdel Moneim [20] who showed that
CCl4 administration caused testicular atrophy, decrease in testosterone and gonadotropins (FSH and LH) in male rat,
and stated that P. peruviana fruit could increase testosterone, FSH and LH levels through direct effects on the central
nervous system and gonadal tissues or their effects on hypothalamus–pituitary–testis axis.

Untreated small intestine sections showed normal ileal mucosa lined by columnar mucin secreting cells with nor-
mal villous pattern, sub mucosa, goblet cells and muscle layer. After intoxication with CCl4, the ileal mucosa lined
by columnar mucin secreting cells showed ulceration, short blunting and broad villi, with partial loss of goblet cells,
with abnormal villous/crypt ratio and submucosal infiltrate of inflammatory cells. Amelioration of this architecture
after administration of E. desertorum mucin which revealed that ileal mucosa lined by columnar mucin secreting
cells with mild broad and blunt villous, mild depletion of goblet cells, with normal villous/crypt ratio, and submucosa
and villous core are infiltrated with mild number of lymphocytes and muscle layer. Also, section of testis from control
group showed normal histopathological structure of mature active seminiferous tubules with complete spermatogenic
series, primary spermatocyte, spermatid and with large number of spermatozoa in the center. Section of testis from
CCl4 intoxicated group showed degeneration with lose of spermatogenic series in some of the same seminiferous
tubules, without spermatozoa in the center, few normal seminiferous tubules with incomplete spermatogenic series.
While group treated with E. desertorum mucin showed almost normal histopathological structure of mature active
seminiferous tubules with complete spermatogenic series, primary spermatocyte, spermatid with moderate number
of spermatozoa in the center and almost normal structure and architecture. Unsal et al. [34] stated that brain, lung,
heart, liver, the kidney, testes and other tissues showed different deleterious histopathological effects after intoxication
with CCl4. Foaud et al. [24] reported that N-acetyl cysteine administrations could improve testes, liver and kidney
architecture. Also, Sonmez et al. [22] used quercetin to improve CCl4-induced sperm damages, testicular apopto-
sis and oxidative stress in male rats and concluded that quercetin has antiperoxidative effect and could decrease the
CCl4-induceddamages in male reproductive organs and cells by decreasing lipid peroxidation.

Wand et al. [38] revealed the damages of CCl4 on the intestinal mucosa and correlated this damage with the dam-
age of liver. They reasoned these damages to the metabolism of CCl4 and lipid peroxidation. Also, many researches
confirmed the antioxidant and the anticancer activities of E. desertorum snails’ mucin and concluded that it could
be used as natural therapeutic agents against colon and liver cancers [10,32].

Conclusion
The present work revealed that E. desertorum mucin could be used as potential antioxidant, anti-inflammatory
agents. Further studies are needed to configure the best way to use it as a supplementary drug with low cost and
safe to consumer.
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