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Abstract: The genus Conus is equipped with a unique venomous mixture of conopeptides which secreted for predation and
defense purposes. This work is aiming to explore and determine the effect of the crude venom of Conus flavidus, a worm-
hunting cone snail inhabiting the Red Sea, on the oxidant/ antioxidant system in mice using some oxidative stress biomarker
assays. In addition to assess its histopathological effects on some treated organs. The LCs, were detected for the crude venom
using the hemolytic assay (16.7 mg/ml) and male albino mice were injected intraperitoneally with /2 LCs, (8.3 mg/kg B.Wt).
Biochemically, after 2, 4, 6, 12, 24 hours of injection the results revealed significant inhibition of superoxide dismutase (SOD)
and catalase (CAT) activities in blood and liver in almost all time intervals comparing with control one. However, it showed
elevation in lipid peroxide content (LPC), protein carbonyl content (PCC), nitric oxide level (NO) reduced glutathione content
(GSH) and total antioxidant capacity (TAC) contents of both blood and liver in almost all time intervals. Histopathologicaly,
liver and heart were dissected after 1, 3 and 7 days of injection. The treated liver showed vacuolar degeneration, karyolosis and
pyknosis, mild blood sinusoidal congestion and centrilobular necrosis. The treated heart illustrated degenerated myofibrils,
pyknosis, edema, blood vessel congestion, loss of striation normal construction and fascicular pattern in the myocardium.
These results revealed that C. flavidus crude venom has distinct effects upon the oxidant/antioxidant cellular system and
degenerative pathological effects in some tissues of treated animals, proving that this venom may contain bioactive peptides,
which could be purified and used for further pharmacological and drug discovery investigations in the future.
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molluscivorous and piscivorous species [7-8].

Over several millions of years, there was a strong
evolutionary stress on these snails to compensate their slow
movement and deprive of strong mechanical weaponry, to
survive and capture their preys and defense. This is achieved
through evolving strategies, including peptide folding and
post-translational modifications, to produce powerful peptides
that efficiently and rapidly a wide range of ion channels and
signal transduction pathways of the envenomed prey nervous
systems, causing immediate immobilization [8-9].

Although Conus genus is arguably the largest venomous
single genus, there is highly interspecific variation in their
conopeptide sequences, even between very closely related

1. Introduction

Marine cone snails from the genus Conus are estimated to
contain up to 800 species [1], each has evolved an apparatus
that synthesize, store and eject a unique set of venomous
cocktail contains molecular-diversified components, could
reach 100 components in a single crude venom, almost all of
them are short peptides (10-40 amino acids) known generally
as conopeptides [2-6]. Conus species use their venoms not
only in predation but also in defense and competition
purposes. According to the preferred preys, these carnivorous
snails could be classified into vermivorous species
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species, leading to estimate an enormous number of different
pharmacologically bioactive components in the whole genus,
to be considered as wealthy treasure for developing new
therapeutics for human medicine uses [10, 2, 7, 11]. For
example, many promising candidates of w-conotoxins use
calcium ion channels as potential targets for novel
therapeutics directed to ischemic brain damage, intractable
pain, migraine and some forms of ataxia and epilepsy [12]. In
2004, o-MVIA from C. magus has been approved as a
commercial drug (Prialt®) by FDA and EMA to treat
intractable pain [13].

Although the vermivorous cone snails are the largest
family of Conus genus, many bioactive conopeptides from
molluscivorous and piscivorous, have been isolated and
purified to be extensively studied in pharmacological and
drug developing researches in the future. Because the
mammalian receptors and ion channel isoforms quite close in
sequence to that of the physiologically homologue in fish,
and the genetic and evolutionary distances between human
and worm is much greater [8]. In contrast, the vermivorous
species have been rarely studied, even at recent studies few
of studies have revealed a variety of novel conopeptides,
some of them with potent neuropharmacological activity
present only in worm-hunting cone snails [13-16]. It is thus
reasonable to postulate that the vermivorous species might be
equally promising pharmacological treasures [17].

The goal of this study is to explore the bioactivity,
cytotoxicity effects of the crude venom of Conus flavidus, a
widely and commonly distributed worm-hunting cone snails
in the Red Sea, using a range of oxidative stress biomarker
assays, antioxidant assays on the mammalian system.
Moreover, to assess its histopathological alternations on
some tissues (liver and heart) of the albino mice for further
pharmacological advantages, mainly at pain killer drugs.

2. Materials and Methods

2.1. Venom Preparation

Specimens were collected from different locations of Red
Sea, Egypt (Hurgada: 27°07°35”N 33°49°49”E, Al-Qusair
city: 26°05°41”N 34°17°06”E and Marsa Alam: 25°05°49”N
34°52°48”E). Snails were collected at shallow depth (1.5 -2
m) using a special net stalk. Venom glands were dissected
and crude venom was prepared as described by [18]. The
dissected glands were smashed using liquid nitrogen and then
suspended in 2 ml of 0.1% formic acid (Sigma-Aldrich) and
then centrifuged (15,000 g, 10 min, 4°C). The pellet was re-
extracted three times with 2 mL of 0.1% formic acid. The
supernatants were pooled, and then lyophilized. The
lyophilized pooled venom was stored at —25°C for further
usage.

2.2. Experimental Animals and Ethics

Swiss Webster male a/bino mice (20-25 g) were housed in
polyethylene cages (65 cmx25 cmx15 cm), under conditions
of controlled humidity (22+2°C) and on a 12 h-light/dark

cycle, with free access to standard laboratory mice chow and
water. All procedures relating to care and maintenance of the
animals were in accordance with International Guiding
Principles for Animal Research and were overseen and
approved by the Suez Canal University Bioethics and Animal
Ethics Committee.

2.3. Hemolytic Assay and LCsy Determination

Erythrocytes were obtained from fresh human blood. For
erythrocyte suspension, 18 mL of blood were divided in 9
tubes (2ml/tube) and centrifuged for five min. at 10000 rpm,
and the plasma was discarded. Next, for each tube, 2 mL of
saline solution (NaCl 150 mm) were added. The tubes were
then centrifuged for five minutes at 4000 rpm. The
supernatants were discarded and the process repeated three
more times and the erythrocyte suspension ready for use.
Ascending concentration series of C. flavidus venom was
prepared (2, 2.5, 3, 3.5, 4, 4.5, and 5 mg/2ml saline). Each
venom concentration was added separately to one of RBCs
tubes. Negative control was employed by adding 2 ml Saline
to one RBCs tube, while positive control was prepared of
equal volume of sodium phosphate-buffered saline
containing 2% (v/v) of the non-ionic detergent, Triton X-100
(Sigma—Aldrich). Then, all nine tubes were gently shaken
and incubated for 120 minutes at 37°C. After 4000 rpm
centrifugation, optical density of lysed red cells was
spectrophotometricly measured at y = 550 nm, and hemolytic
activity was calculated according to the equation of [19].

A - A0

X — A0 x 100

% hemolysis =
Where ‘A’ is absorbance with venom treatments, ‘A0’ is
absorbance with saline and ‘AX’ is absorbance with Triton
X-100.
The LCsy was calculated from the trend line equation of
obtained standard curve of the hemolytic assay.

2.4. Cytotoxic Assays

30 adult mice were injected intraperitoneally with crude C.
flavidus venom (8.3 mg/kg, 6 animals per group) and a range
of assays to determine the cytotoxicity of the venom were
carried out after 2, 4, 6, 12 and 24 h. post injection. A control
group (6 animals) was injected with 0.9% NaClL

2.4.1. Lipid Peroxidation Assay

Plasma lipid peroxidation was determined by the method
of [20], by the reaction of thiobarbituric acid (Winlab, UK)
with the breakdown products of peroxidized lipids (e.g.
malonyldialdehyde) and spectrophotometricly measuring the
absorbance of breakdown products at 532 nm. The results
were expressed as nmol of malonyldialdehyde (MDA)/mL
plasma. Malonaldehyde bis (dimethyl acetal) (Sigma) was
used as an external standard.

2.4.2. Protein Carbonyl Assay
Plasma protein carbonyl content was measured according
to [21]. Protein was precipitated with an equal volume of 1%
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trichloroacetic acid (TCA) and the pellet was resuspended in
1 mL of 2,4- dinitrophenylhydrazide (DNPH (Sigma), 10
mM, dissolved in 2 N HCI). Samples were left at room
temperature for 1 h in the dark and vortexed every 15 min.
An equal volume of 20% TCA was added and after
centrifugation (12,000 rpm, 1 min, 4°C), pellets were washed
three times with 1 mL of an ethanol: ethyl acetate mixture
(1:1) to remove the free DNPH. The final pellet was
dissolved in 1 mL of 6 Mguanidine and kept at 37°C for | h
in a shaking water bath. The solution was centrifuged
(12,000 rpm, 15 min) and the carbonyl content (nmol/mg),
measured as protein phenylhydrazone derivatives, and was
determined at 370 nm using an absorption coefficient of
22,000 M~ Cm'".

2.4.3. Nitric Oxide

Nitric oxide (NO) was measured using the Griess reaction
[22]. Plasma (100 pL) was mixed with an equal volume of
Griess reagent (1 part 0.1% naphthylethylendiamine
dihydrochloride in distilled water plus 1 part 1%
sulfanilamide in 5% concentrated H;PO,), at room
temperature for 10 min. The absorbance was measured at 540
nm. Sodium nitrite was used as a standard.

2.4.4. Reduced Glutathione

The content of blood (bGSH) and liver glutathione (IGSH)
of control and treated mice was estimated according to the
method of Biutler [23]. Aliquots of 0.2 mL of blood or tissue
homogenate (mice liver tissues were homogenized in cold
0.15 M KCI at 0.25 g/mL) were added to 1.8 mL distilled
water and 3 mL of precipitating solution (1.67 g glacial
metaphosphoric acid, 0.2 g EDTA and 30 g NaCl in 100 mL
distilled water). The mixture was then centrifuged (2200 rpm,
15 min, 4°C). One milliliter of supernatant was added to 4
mL Na,HPO, (0.3 M) and 0.5 mL dithiobis-2-nitrobenzoic
acid reagent (DTNB, Sigma-Aldrich) (40 mg DTNB in 100
mL 1% sodium citrate) and the absorbance was measured at
412 nm. Glutathione reduced form (Sigma) was used as a
standard.

2.4.5. Cu/Zn Superoxide Dismutase and Catalase Activities

Superoxide dismutase (Cu/Zn SOD) activity was estimated
in the lysate of EAC cells according to Misra and Fridovich
[24]. The rate of inhibition of auto oxidation was monitored
at 560 nm; the amount of enzyme required to produce 50%
inhibition is defined as one unit of enzyme activity. SOD
activity was expressed as units/mL. Catalase (CAT) activity
was determined using the method of Aebi [25] Samples were
prepared in phosphate buffer (50 mM, pH 7) and Triton-X
100 (1%, v/v) was added to increase the observable CAT
activity by releasing the enzyme from peroxisomes [26].
CAT was measured by monitoring the decomposition of
H,0, at 240 nm. The enzyme activity was calculated using a
molar extinction coefficient of 43.6 mol.

2.4.6. Total Antioxidant Capacity Assay
Total antioxidant capacity in blood plasma was measured
spectrophotometrically according to the method of Koracevic

[27] The ability of antioxidants to inhibit the H,O,-induced
oxidation of  2,2-azinobis  (3-ethylbenzothiazoline-6-
sulphonate) (ABTS) was measured by the reduction in
concentration of the cation radical ABTS", absorbing at 600
nm and expressed as mmol/L.

2.4.7. Histopathological Examinations

In order to investigate the histopathological changes on
liver and heart, 18 adult mice were injected intraperitoneally
with crude venom of C. flavidus (8.3 mg/kg, 6 animals per
group), then they were anesthetized, sacrificed, carefully
dissected after 1, 3 and 7 days post injection. A control group
of animals was injected with 0.9% NaCl. Small pieces of
liver and heart were fixed in 5% formalin solution. They
were then dehydrated in ascending grades of alcohol, cleared
in clearing reagents and embedded in paraffin. Paraffin serial
sections with thickness 7 um were cut using microtome.
Some sections were deparaffinized in xylene and hydrated in
descending series of ethanol alcohol. Then stained with
hematoxylin and eosin, mounted in DPX mounting media,
and examined under light microscope (Axio Lab.Al, Carl
ZEISS, Germany) equipped with AxioCamERc5s camera.

2.5. Statistical Analysis

SPSS® statistical software (v. 21.01 SPSS Inc., Illinois,
USA) was used in all data analyses [28]. Differences in the
effects of Conus venom between control and treated groups
of mice were assessed using the Student's unpaired t-test
[29]. One-way analysis of variance (ANOVA) followed by
Duncan’s multiple post-hock test was performed to evaluate
the eventual significant differences in the biochemical
measurements between control and treated groups.

3. Results
3.1. Hemolytic Assay

12
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Figure 1. Percentage of in vitro hemolysis induced by different
concentrations of C. flavidus crude venom.

In order to investigate the toxicity of crude venom of C.
flavidus, in vitro hemolysis was evaluated by incubating an
erythrocytes suspension of freshly-drawn human blood along
with different concentrations of pooled venom, compared
with the hemolysis of saline and triton X-100, and the
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hemolytic activity was determined as hemolysis percentage
(figure 1). The LCsy, which is the venom concentration
required to produce 50% hemolysis, was calculated from the
line equation of hemolysis curve, and its value was 16.682
mg/ml.

3.2. Effects of C. flavidus Venom on Oxidative Stress
Biomarkers

In figure 2 (-A C) and table 1, all treated animal groups
were intraperitoneally injected with %2 LCs, (8.3 mg/ kg) of
Conus flavidus venom in order to evaluate its effects on LPC,
PCC and NO, respectively. Results in figure 2A illustrate the
levels of plasma LPC in control and venom-treated groups at
different time intervals (2, 4, 6, 12 and 24 h). It was noticed
that the levels of LPC were significantly increased (P<0.05)
after 2 h. post-treatment as compared to the control values,

and the level of LPC then decreased at the rest of treated
groups. The one-way ANOVA between treated groups
revealed a highly significant difference (Fss =76.2, P<0.05)
in the concentration of lipid peroxidation products. PCC
concentrations in mice treated with both venom groups were
significantly increased (P<0.05) at all-time intervals with
respect to the control groups (figure 2B). Significant
differences in PCC were observed between the treated and
control groups (Fss=39.1, P<0.05) using one-way ANOVA.
In figure 2C, Toxic effects were quickly evident after
injection with C. flavidus venom (significantly increased
(P<0.05) after 2 h. Levels of NO returned to control values
after 12 h of venom injections. Levels of NO showed
significant difference between the treated and control groups
(Fs5=10.1, P<0.05) using one-way ANOVA.
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Figure 2. Effect of injected C. flavidus venom (8.3 mg/kg) on the level of lipid peroxidation (4), protein carbonyl content (B) and level of nitric oxide (C) of
albino mice at different time intervals. (*) Significant difference between control and treated group using Student's unpaired t-test (P<0.05).

Table 1. Change in Oxidative stress biomarkers levels after administration of C. flavidus venom (8.3 mg/kg).

Treated groups
Parameter  Control

2 h. 4 h. 6 h. 12 h. 24 h.
LPC 47.84£1.59"  62.15+2.71* (+29.2%) 48.81£1.23 (+2.1%)  38.51£1.44* (-18.8%) 29.1440.77* (-39.6%) 25.25+0.88%* (-47.9%)
PCC 4.62+0.39 5.58+0.26 (+21.7%) 6.95+0.19%* (+52.2%) 8.88+0.26* (+93.5%) 9.17+0.22* (+100%)  7.1140.23* (+54.4%)
NO 0.84:+0.03 1.15+£0.08* (+36.9%) 1.08+0.07* (+28.6%) 0.96+0.06 (+14.3%) 0.85+0.02 (+1.2%) 0.7840.01 (-7.1%)

(a) Values are presented as mean = S. E. of 6 animals/ group. Values between brackets represent percent of change.
(*) Significant difference between control and treated group using Student's unpaired t-test (P<0.05).
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3.3. Effects of C. flavidus Crud Venom on Antioxidant System
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Figure 3. Effect of injected C. flavidus venom (8.3 mg/kg) on the level of blood glutathione (A), liver glutathione (B) Catalase activity (C), Cu/Zn-Superoxide
dismutase (D) and total antioxidant capacity (E) of albino mice at different time intervals. (*) Significant difference between control and treated group using

Student's unpaired t-test (P<0.05).

Figure 3 (A- E), and table 2 illustrates the effect of C.
flavidus crud venom (8.3 mg/kg) on the level of non-
enzymatic antioxidants: blood glutathione (hGSH) and liver
glutathione (/GSH) and enzymatic antioxidants: catalase
(CAT) and Cu/Zn superoxide dismutase (Cu/Zn-SOD), as
well as the total antioxidant capacity (TAC) in different-time
treated groups.

In figure 3A, the levels of blood glutathione gradually
increased, significantly (P<0.05) after 4 h. and 6 h. time
intervals, compared with control animals. On the other
hand, liver glutathione levels increased significantly
(P<0.05) in all treated groups comparing with control
group, figure 3B. According to one-way ANOVA, both
blood and liver glutathione levels in treated groups
significantly increased

(F5,5: 15.83 and F5,5:49.39

respectively, P<0.05)

compared to control group.

The activities of CAT and Cu/Zn SOD were significantly
decreased (P<0.05) post venom treatment in all time
intervals, especially after 24 h., compared with control
values, as in figure 3C and D respectively. One-way ANOVA
revealed that differences in the activities of CAT (Fss= 61.24,
P<0.05) and Cu/Zn SOD (Fss= 92.42, P<0.05) between
treated and control groups were significant. While in figure
3E, total antioxidant capacity was sharply and significantly
decreased (P<0.05) in first treated group comparing with
treated group, and then increased gradually in next treated
groups till exceeded significantly the control value in the last
time interval. Using one-way ANOVA, there was a
significant difference (Fss= 16.18, P<0.05) between treated
and control groups.
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Table 2. Change in enzymatic and non-enzymatic antioxidant levels after administration of C. flavidus venom (8.3 mg/kg).

Treated groups

Control -7 4h. 6 h. 12h. 24h.
bGSH 509.2442.9° 6092543 4 (+19.6%)  712.7+19.7% (+40.1%)  758.5:26.0% (+49.1%)  560.8£16.9 (+102%)  375.9+77.1 (-26.1%)
IGSH 640.2436.9 1088.3241.3* (+70.0%) 1279.8+49.7% (+100.0%) 1388.5:41.7* (+117.0%) 1227.7424.8% (+91.9%) 997.7426.7* (+55.9%)
CAT 1.2340.065 0.61£0.058% (-50.4%)  0.7140.034% (-423%)  0.81£0.061% (-34.2%)  0.67£0.099% (-45.5%)  0.52+0.023% (-57.7%)
Cw/Zn/SOD 585.9+8.9  405.7+14.4% (-:30.4%)  336.9+11.0% (-42.5%)  317.2+7.0% (45.9) 294.249.9% (-49.8%)  279.4+17.4% (-52.4%)
TAC 1934019  0.97+40.07 (-49.7%)  125+0.07* (-352%)  1.33+0.14* (:31.1%)  2.05:£0.09 (+6.2%) 235:0.16* (+21.8%)

(a) Values are presented as mean £ S. E. of 6 animals/ group. Values between brackets represent percent of change.
(*) Significant difference between control and treated group using student's unpaired t-test (P<0.05).

3.4. Histopathological Effects of C. flavidus Venom hepatocytes showed vacuolar degeneration, karyolosis and
pyknosis with basiophilic cytoplasm. After 3 days of
injection (figure 4D, E), hepatocytes showed mild
degeneration,  Lymphocytic =~ aggregation,  chromatin
fragmentation, pyknosis beside vacuolar cytoplasmic
degeneration, mild  blood sinusoidal  congestion
(hemorrhage). Whereas, after 7 days of injection (figure 4F,
G), hepatocytes had acute degeneration, nuclear disappeared
with highly vacuolar cytoplasm and finally some showed
centrilobular necrosis. Furthermore, they showed more
increase in lymphocytic infiltration.

3.4.1. Liver

Figure 4 (A-G) represents liver sections in control animals
and animals treated with C. flavidus venom (8.3 mg/kg)
dissected after 1, 3 and 7 days, respectively.

Light microscope examination of liver tissue obtained
from treated animals with Conus flavidus crude venom
showed  variable  histopathological  changes  after
intraperiotenial injection, comparing with normal untreated
liver (figure 4B, C). These changes included, after one day of
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Figure 4. A- A light microscopic photograph of mouse liver section of a control mouse showing normal branching and anastomosing cords of hepatocytes (H)
radiating from the central vein (C. V). The hepatocytes have vesicular nuclei (N) and separated by sinusoids (S) (H&E, x 200). B-F: light microscopic
photographs of mouse liver sections after injection of %> LCsy (8.3 ug/g) of C. flavidus crude venom. B-C- After 1 day of showing: loss of cellular outlines,
hepatocytes vacuolar degeneration (HD), necrosis (N), nuclear disappear (ND), karyolisis (K) and pyknosis (P) (H&E, x 400).. D-E- After 3 days showing:
increase in hepatocytes degeneration, blood and mild sinusoidal congestion (SC), cytoplasmic vacuolar degeneration (CD), lymphocytic aggregation (LA),
hepatocytes vacuolar degeneration (HD) and pyknosis (P) (H&E, x 400). F-G- After 7 days showing: congested central vein (CV) and most of hepatocytes
with vacuolated cytoplasm and moderate vascular & sinusoidal congestion (SC), lymphocytic aggregation (LA), acute degeneration and necrosis (N) (H&E, x
400).
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3.4.2. Heart

Figure 5 (A- D) demonstrates heart sections in control and
treated mice with C. flavidus venom (8.3 mg/kg) anatomized
after 1, 3 and 7-day time intervals, respectively (figure SA).

Microscopically, treated heart tissue illustrated pronounced
histopathological changes; after one day myocardium
revealed myofibrillar separation in a few areas with minimal
edema and blood vessel congestion, focal loss of striation,
few pyknotic cells and preserved fascicular pattern (figure
5B). After three days of

treatment, sections showed slightly degenerated
myofibrils, more loss of striation. In addition, increase of
pyknotic cells, acute edema and slight loss of fascicular
pattern were observed (figure 5C). While, after seven days of
treatment, sections showed moderately degenerated

myofibrils and myocytes with moderate edema, some areas
with congested blood vessel and hemorrhage. Moreover, loos
of striation, normal construction and fascicular pattern could
be observed in the myocardium (figure 5D).

ATl

Figure 5. A- A light microscopic photograph of control mouse heart showing individual muscle fibers (M), their striated appearance, and the intercalated
discs (LD) at the end of each muscle cell with vesicular nuclei (N).(H&E Stain, X 400). B —E light microscopic photographs of mouse heart after injection of
LCs (8.3 ug/g) of C. flavidus crude venom. B- After 1 day showing: slightly degenerated myofibrils with minimal edema (E) and congestion, focal loss of
striation, few pyknotic cells (P) and preserved fascicular pattern. (H&E Stain, X 400) C- After 3 days showing: slightly degenerated myofibrils (DM) with mild
edema (E) and congestion, focal loss of striation, few pyknotic cells (P) and slight loss of fascicular pattern. (H&E Stain X 400). D- After 7 days showing:
moderately degenerated myofibrils (DM) and myocytes with moderate edema (E) and congestion with extravasated red cells and moderate loss of striation,
few pyknotic cells (P) and loss of fascicular pattern (H&E Stain, x 400).

The Conus venom has been proposed to specifically target
the prey’s nervous system and other organs, impairing their
functions and damaging the tissues, however the mechanism
of tissue damage remains unclear, Cerebral edema, liver
damage, hemorrhage and vascular congestion in lungs and
kidneys, and inhibition/activation of certain enzymes have
been reported [38] after Conus envenomation however, there
is no evidence linking these effects with the direct
cytotoxicity of conotoxins in the organs. So, we hypothesized
the C. flavidus toxins could induce the generation of high

4. Discussion

Several studies have long been focused on the venom of
both fish- and mollusc-hunting cone snails due to the
biomedical interest of the conopeptides of these species [30-
34]. On the other hand, worm-hunting species have been
rarely studied, even if recent studies have reported a variety
of novel conopeptides, some of them with potent neuro-
pharmacological activity present only in vermivorous cone
snails [35-37].
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level of free radicals and (ROS) that are responsible for the
cellular membrane damage in organs targeted by venom
components. Before investigate the above hypothesis, the
toxicity of the venom was evaluated through the hemolytic
assay on the erythrocyte suspension, and consequently its
LCsy was detected, and was found to be approximately 16.68
mg/ml. This hemolytic activity result is supported by the
characterization of a cytolytic peptide from the venom of
Conus mustelinus that was found to have potent hemolytic
activity when tested on human erythrocytes [39].

To better understand the induced-cytotoxicity mechanism
of C. flavidus venom, single dose 2 LCs, (8.3 pg/kg, mice
i.p., different time intervals) was evaluated in two levels:
Biochemical balance of cellular oxidant / antioxidant
compounds, in terms of lipid peroxidase, protein carbonyl,
GSH, CAT, SOD, TAC and NO, in addition to
histopathological damage of some venom-treated mice
tissues, like liver and heart. The biomarkers used to
characterize toxic responses must be carefully selected. They
are defined as a change in any biological, physical or
chemical response associated with toxic effects or exposure
to environmental chemicals [40].

The present study revealed that there are significant
increases of oxidative stress biomarkers, indicating that the
C. flavidus venom could cause oxidative damage in the
envenomed animals. So, it is reasonable to postulate that the
vermivorous species might be equally promising
pharmacological treasures [17].

The results of the present study showed that intraperitoneal
injection of crude C. flavidus venom (8.3 mg/kg) into mice
elicited an array of neurotoxic signs including quivering,
sedation, reduction in appetite for food and water, dyspnea
followed by paralysis in the hind limbs. Similarly, several
studies have shown that the venom of C. geographus, C.
omaria and C. loroisii caused various neurotoxic effects in
mammals including blurring of vision, impaired speech,
shallow breathing, blood pressure fluctuations, depression in
motor coordination and muscle paralysis preceding death [41
-431], [38]. In mice, that was associated with increased heart
rate and strong muscular hind limb paralysis, skeletal muscle
paralysis, dyspnea, loss of spontaneous activity followed by
respiratory failure. [40]. The mechanism of paralysis
following Conus envenomation could be attributed to
junction blockade of nicotinic acetylcholine receptors, as
well as inhibition of motor endplate depolarization by sodium
channel blockade [45].

Also, the present study revealed that the contents of lipid
peroxide increased significantly (figure 2A), protein carbonyl
content increased significantly (figure 2B) and the level of
nitric oxide increased significantly (figure 2C) in the treated
animals, compared to control values. Pronounced increase in
the oxidative stress biomarkers could be an indication for
excessive production of reactive oxygen species (ROS)
followed by oxidative damage in envenomed animals.

Lipid peroxidation is one of main manifestations of
oxidative damage induced by the free radicals produced
during various types of xenobiotic or pathological condition.

Peroxidation process of membrane lipids include loss of
polyunsaturated fatty acids, decreased lipid fluidity, altered
membrane permeability, effects on membrane associated
enzymes, altered ion transport, release of material from
subcellular compartments, and the generation of cytotoxic
metabolites or lipid hydroperoxides [46].

Protein carbonyl is a product of irreversible non-enzymatic
oxidation or carbonylation of protein [47]. Carbonyl groups
are introduced into proteins by a variety of oxidative
pathways [48-49]. The usage of protein carbonyl group as
biomarker of oxidative stress has some advantages in
comparison with the measurement of other oxidation
products because of the relative early formation and the
relative stability of carbonylated protein. Additionally, it is
considered a widespread marker of severe oxidative stress,
damage and disease-derived protein dysfunction [48], [50].
Nitric oxide (NO) superoxide anion, and related reactive
oxygen species (ROS) play an important role as regulatory
mediators in signaling processes and is the key of
endothelium derived releasing factor implicated in the
regulation of vascular tone and vasomotor function [51].

There are two possibilities to explain oxidative damage in
the treaded groups. (i) Oxidative stress may be related to the
hemolytic activity of Conus venom. In this situation,
hemoglobin is oxidized to the ferric form, met-hemoglobin
(met-Hb), and gains a pseudo peroxidase activity capable of
catalyzing the production of superoxide ion (O,") [52-53].
Although superoxide ion itself is not considered cytotoxic, it
spawns toxic derivatives such as hydroxyl radicals and
hypohalous acid [54]. A similar situation was found in the
venom of C. textile [55], C. californicus [56] and C. loroisii
[38]. These studies concluded that proteolytic enzymes in the
venom of C. textile and C. loroisii were the prime cause of
lysis of red cell membrane by digesting integral protein of the
membrane, which in turn led to increased membrane
permeability, increased osmotic fragility and hemolysis. (ii)
An alternative explanation is that oxidative damage of Conus
venom could be attributed to its active ingredient
phospholipase A2. Mclntosh [57] isolated and functionally
characterized a novel phospholipase A2 (conodipine-M) from
the venom of C. magus. Conodipine-M displayed properties
that were similar to those of previously characterized PLA2
from snake venom. Phospholipid hydrolysis by PLA2
enzyme releases arachidonic acid whose metabolism results
in the formation of potentially toxic ROS and lipid peroxides

[58].
El-Asmar and co-workers [59] have reported that the
increase  in  polyunsaturated fatty acids following

envenomation may lead to an increase in the rate of lipid
peroxidation, which might be responsible for tissue damage.
Also, lipid peroxidation may bring about protein damage and
inactivation of membrane bound enzyme either through
direct attack by free radicals or through chemical
modification by its end products [60]. On the other hand, the
level of blood GSH (figure 3A) and liver GSH (figure 3B)
increased significantly at treated groups as compared to
control group. On contrast there is significant decrease at
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catalase and Cu/ZN SOD activities at all treated groups
(figure 3C and 3D, respectively).

Oxidative stress may occur when the balance that exists
between the formation of ROS and their removal by
endogenous antioxidant scavenging compounds [61] is
disrupted by excessive production of ROS. In the present
work, the remarkable elevation in the GSH levels (the most
abundant intracellular thiol based antioxidant) in the treated
mice was probably necessary for host defense to encounter
deleterious effects of ROS such as O,”, H,O, and NO.
Nikitovic and Holmgren [62] indicated that excessive
production of NO is counteracted by its conjugation with
GSH that results in the S-nitrosoglutathione (GSNO) adduct.
GSNO can in its turn be cleaved directly by mammalian
thioredoxin reductase (TrxR) or by the complete thioredoxin
system, which again liberates GSH and NO under
consumption of NADPH. GSNO has also been shown to
inhibit TrxR indicating a possible regulatory mechanism.

SOD is one of the body’s primary internal anti-oxidant
defenses, and plays a critical role in reducing the oxidative
stress implicated in atherosclerosis and other life-threatening
diseases. Studies have shown that SOD can play a critical
role in reducing internal inflammation and lessening pain
associated. The main role of SOD is based on its ability to
protect cells against oxidative damage caused by superoxide
anion radicals. SOD rapidly dismutate superoxide anion to a
less reactive molecule (H,0O,), which is further degraded by
CAT to water and oxygen [63]. So, the low activity of SOD
in our study may be related to the elimination of superoxide
anion radicals in treated animals. The present results are
coincident with Abdel-Rahman et al. (2010) [64] who
reported that the decrease in the SOD activity and increase in
PCC could explain the induction of free radicals after
scorpion envenomation.

Histopathological alterations have been used as markers to
better understand animal health exposed to contaminants in
lab [65-66] and field studies [67 -68]. The main advantage of
using histopathological markers in monitoring is that this
category of markers allows studying the target organs [69].
The changes found in these organs are normally as general to
pinpoint than functional ones [70], exhibit as alarming
signals of alterations to general animal health [71].

The present data displayed marked histopathological
changes as a result of direct effect of C. flavidus venom
injection. These changes involved hepatocytes degeneration,
lymphocytic aggregation, chromatin fragmentation, vacuolar
cytoplasmic degeneration, mild blood sinusoidal congestion,
karyolosis, pyknosis, nuclear disappeared with highly
vacuolar cytoplasm and finally some showed centrilobular
necrosis. Regarding to other cone snails, liver injuries
characterized other Conus species injection, Like vascular
congestion and inflammatory cell infiltration around the
portal triad of the liver of mice caused by Conus loroisii
crude venom with different doses ranged from 0.5 to 6.0
mg/kg via i.p.), [38].

Whereas, the crude venom (dose 5 mg /kg i.p.) of Conus
inscriptus, C. lentiginosus and C. zeylanicus revealed

hepatocytes disrupted, central veins were occluded by
hemolysed blood and perivascular area showed
granulomatous lesions and vacuolated areas with honey-
comb like appearance in mice [72]. Moreover, it had
hyperplasia of cortical cells with constriction of sinusoidal
space and marked ycknosis of the hepatocytes nuclei in case
of C. inscriptus and C. lentiginosus crud venom [72]. The
effect of crud venom of C. zeylanicus using 60 mg/kg via i.p.
in mice revealed liver tissues were disrupted with
hemorrhagic necrosis [44]. These results were associated
with metabolic changes especially changes in liver
biomarkers obtained in this study.

Meanwhile the presence of necrotic cell may be due to
hypoxia by decrease the blood supply to an area of tissue and
in turn hypoxia as well as enhancement of cell death by C.
flavidus venom leading to generation of free radicals in
plasma and organs during severe envenomation [73].

The second main organ at this study was the heart which
histopathological changed showed moderately degenerated
myofibrils and myocytes, edema blood vessel congestion,
loss of striation, few pyknotic cells and loss of fascicular
pattern. Crude venom of Conus inscriptus, C. lentiginosus
and C. zeylanicus had histopathological changes;
myocardium  revealed myofibrillar separation  with
myocardial hemorrhage could myocardial vessels revealed
thrombosis, leukocytes aggregation [72]. The ischemic
myocardial lesion may not be caused only by catecholamines
but by the cytokines and/or the neuropeptide Y released on
coronary vessels. [74].

The histopathological effects of other cone snail’s venom
on vital tissues revealed spongiosis of the brain,
hemorrhages/congested blood vessels in lung and endothelial
cells of the renal tubule [75] and vascular congestion and
inflammatory cell infiltration around the portal triad of the
liver [38] after treatment with Conus loroisii venom.

The present study concluded that, the venom of C. flavidus
crude venom has distinct effect on all biochemical
parameters. In addition to different histopathological changes
on liver tissue including cytoplasmic degeneration, lymphatic
aggregation, hepatocytes degeneration and sinusoidal
congestion, the heart tissue also showed degeneration
myofibrils, edema, congested blood vessels and hemorrhage.
These results proved that there is an evidence of presence of
some bioactive components in the crude venom of C. flavidus
that could in prospective works be isolated and characterized
to be used in the level of mammalian cells as possible
templates for novel pharmacological therapeutics.
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