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Abstract

Background: Snake venoms have been the subject of intense studies to understand the
mechanisms involved in toxicity. Limited information is available regarding the Egyptian Spitting
Cobra’s oxidative stress and hematological profile (Naja nubiae).

Objectives: The present study aimed to evaluate the oxidative stress produced by the venom of
N. nubiae and determine its hematotoxic effects in rats.

Methods: The adult male Albino rats (N=30) were subcutaneously (SC) injected with a
physiological saline solution in the control group. The SC injection of snake venom in groups
2 and 3 was 1/4 and 1/2 of the LD, (0.32 mg/kg and 0.65 mg/kg body weight, respectively).
Blood samples were collected at 30, 120, and 360 minutes post-injection for biochemical and
hematological assays in both control and treated groups. Levels of oxidative stress biomarkers,
including lipid peroxidation (LPO), protein carbonyl content (PCC), and nitric oxide (NO) were
estimated. Antioxidants agents comprising glutathione (GSH) level, activities of superoxide
dismutase (SOD), and catalase (CAT) were also evaluated.

Results: The results showed that the effects of snake venom on blood cells are dose-dependent.
Furthermore, significant alterations (P<0.05) were observed in the hemoglobin (Hb)
concentration, packed cell volume (PCV), and the number of red blood cells (RBCs) in response
to a low dose of venom at the 30-minute time. In contrast to the control group, the venom
induced a substantial elevation in LPO, NO, and PCC levels, indicating a disturbance in redox
equilibrium. Additionally, significant reductions were detected in the GSH levels as well as SOD
and CAT activities in all treated groups.

Conclusion: Overall, the cytotoxicity’s potential to induce oxidative stress may reduce its
antioxidant systems, leading to redox disturbance and hematological alteration.
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Background

inhibitors from the Kunitz/BPTI family, and natriuretic

Snakes are considered the most feared poisonous animals
worldwide because they cause morbidity and mortality
(1). Snake venoms are specific mixtures of compounds
such as toxins, hormones, growth factors, activators,
and inhibitors (2,3). The major components responsible
for biological activity and lethal toxicity are found in
cobra venom, a viscous liquid made up of proteins,
peptides, and enzymes with a variety of biochemical and
pharmacological activities (4). The main components
are hemotoxins that target the circulatory system and
muscle tissue of the host, causing scarring, gangrene, and
the destruction of erythrocytes (red blood cells, RBCs).
In addition, cobra venom contains neurotoxins (NTX),
cardiotoxins, phospholipase A2 (PLA2), cobra venom
factor (CVE), nerve growth factor, serine proteinase

peptides (5).

The families Viperidae and Elapidae contain eight species
of poisonous snakes that cause severe envenomation.
Only the medically important cobra Naja haje, widely
spread in North Africa, is a representative of the Elapidae
species. The venom of the Egyptian N. haje snake induces
hemorrhage, whereas the venom of the Moroccan cobra
is neurotoxic and does not cause systemic bleeding. In
the Middle East, it is well-recognized that this variability
substantially impacted the effectiveness of therapy for N.
haje cobra bites (6).

Several studies have demonstrated that the haemotoxic,
cytotoxic, and neurotoxic effects of snake venom toxins
can cause systemic toxicity following envenomation (7-9).
Cardiotoxins such as PLA2 and other snake venom toxins
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that are widely documented for their immediate negative
effects on the cardiovascular system after envenomation
can cause cardiac toxicities by vipers and elapids
envenomings (4,8).

It is widely recognized that viper venom contains toxins
that are more frequently associated with the development
of oxidative stress by increasing oxidative stress markers
such as lipid peroxidation (LPO) (9,10). The oxidative
stress may result from an imbalance between the
generation of reactive oxygen species (ROS) and the
natural antioxidant defense mechanisms. Additionally,
several pathologic pathways in the different organs are
related to increased ROS production (9-12). According to
other research, the oxidative stress may be induced by an
increase in the production of ROS or a breakdown of the
cellular antioxidant system (13).

Moreover, some illnesses caused by oxidative stress
have been linked to the viper venom’s harmful enzymes,
including  phospholipases A2, metalloproteinases,
three-finger toxins, and L-amino acid oxidase (14). The
findings suggest that experimental in vivo envenomation
by viperid and elapid species can lead to oxidative stress.
This oxidative stress can partially cause damage to the
liver and kidneys in the affected organisms. However,
the exact cause of the significant rise in LPO that leads to
oxidative stress remains unclear. However, studies have
proposed potential routes for oxidative stress induction
following snake envenomation. Katkar et al asserted that
a possible mechanism for the elevation in LPO following
the administration of viper (E. carinatus) venom could
be an increase in polyunsaturated fatty acids. Another
possible mechanism is the depressing effect of free
radicals on glucose-6-phosphate, cytochrome oxidase,
and mitochondrial respiration, leading to an increase in
malondialdehyde (MDA) levels, a marker of free radical-
induced LPO (16). The risk of peroxidation developing as
aresult of E. ocellatus envenomation has been observed in
other investigations as well (9).

The approximate LD, of the crude venom (N. nubiae)
in rats was determined using the method outlined by
Meier and Theakston (17). According to calculations,
the LD, of the crude venom is about 1.3 mg/kg body
weight. Sub-lethal doses for the investigation were set at
1/4 and 1/2 LD, , with 0.32 and 0.65 mg/kg, respectively
(18). According to the findings, the venom’s tendency
to increase renal and hepatic vascular permeability may
contribute to its inflammatory effects.

This study primarily aimed to assess the impact
of sub-lethal doses of N. nubiae crude venom on the
hematological parameters of rats and to investigate the
associated oxidative stress mechanisms. By understanding
the venom’s mode of action, the research aims to provide
valuable insights that could advance the management and
treatment of cobra envenomation in Egypt. The ultimate
goal is to improve patient outcomes and enhance public
health practices related to cobra bites.

Materials and Methods

Collection of Crude Venom

Ten samples of N. nubiae snakes were supplied from
southern Egypt to extract their venom. Snakes were
milked, and venom was collected from their fangs. The
secretion was then lyophilized to preserve the venom
for long-term storage. Before use, the venom was
reconstituted in a saline solution (0.9% NaCl, Nile Pharma
Company, Egypt) and kept frozen at -20 ‘Cin a dark bottle.
Subsequently, an expert in the field officially verified the
species identification.

Study Design and Ethics

Thirty-five male adult Albino rats (8 weeks old, 180-20

g body weight), with unlimited access to food and water,

were kept in temperature-controlled rooms with a 12-

hour dark-light cycle. The experiments utilized animals

bred at the College of Medicine and Health Sciences

Animal Facility at Suez Canal University.

The rats were randomly divided into two main groups:
the control (5 rats) and envenomed (30 rats) groups. The
control animal was subcutaneously (SC) injected with
saline, while envenomed groups were divided into six
subgroups (5 rats each) as follows:

+  Groups I, I, and III were injected with % LD, (0.32
mg/kg body weight) of the snake venom.

+  Groups IV, V, and VI were injected with % LD,
of the snake venom. This dose level is commonly
used in toxicology studies. The specific venom dose
administered to each group was 0.65 mg/kg of body
weight.

Blood Collection

Blood samples were taken from each animal’s orbital vein
in all groups at three different time intervals (30, 120, and
360 minutes, respectively) after the injection of venom.
The collected blood samples were placed into centrifuge
tubes and left at room temperature for 30 minutes to allow
the blood to clot. After the clotting period (30 minutes),
the tubes containing the blood samples were subjected
to centrifugation at 500 xg for 15 minutes to separate
the serum (19). The serum was then separated from the
cellular components and collected into labeled Eppendorf
tubes. These tubes were presumably properly labeled to
identify the source and time point of each serum sample.
The collected serum samples were then stored at -20 “C to
preserve the serum components’ stability until they were
used in subsequent biochemical investigations.

Another part of the blood samples was collected in
EDTA tubes for hematological analysis, which involves
measuring various blood-related parameters such as
erythrocyte (RBCs), leukocyte (WBCs), and platelet
count, as well as hemoglobin (Hb) levels, percentage
of packed cell volume (PCV) %, and blood indices.
The hematological parameters were analyzed using an
Automated Hematology Analyzer (Model MEK-6420K)
manufactured by Nihon Kohden Co. in Japan. The
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hematological analysis was conducted at the Central
Laboratory of the Faculty of Veterinary Medicine at Suez
Canal University in Ismailia, Egypt.

Biochemical Analysis

Serum-reduced glutathione (GSH) was determined using
the colorimetric method described by Beutler et al (20) via
readymade kits (Bio-diagnostic, Dokki, Giza, Egypt Cat
No. GR 2511). Catalase (CAT) was evaluated using the
method of Aebi (21). The method described by Nishikimi
et al (22) was also used to evaluate superoxide dismutase
(SOD) activity. Nitric oxide (NO) levels were determined
by Montgomery and Dymoc’s method (23). Protein
carbonyl content (PCC) levels were assessed according
to Reznick and Packer (24) and the modified method of
Dalle-Donne et al (25). Lipid peroxidation (LPO) was
evaluated through Ohkawa and colleagues’ method (26).

Statistical Analysis

Data were displayed as mean + standard error (5 animals/
group). To determine whether there are significant
differences between the groups, a one-way analysis of
variance (ANOVA) was used, followed by Duncan’s
post hoc test. Post hoc tests are used to identify which
specific group(s) differ significantly from each other when
ANOVA indicates that there are significant differences
overall. The P value of 0.05 or below indicates that the
differences between groups are statistically significant.
Multiple comparisons between all groups are represented
by letters (a, b, and c), where similar letters are non-
significant, while different letters are significant.

Results

Effect of Venom on Hematological Parameters

The exposure of experimental rats to both doses of N.
nubiae venom induced variable changes in platelets, WBC,
RBC, Hb, PCV %, and blood indices (Table 1). There were
significant alterations (P<0.05) in the concentration of
Hb, PCV, and the number of RBCs at the 30-minute time
point in response to a low dose of venom. This suggests
that the venom had an acute impact on these parameters
at the lower dose.

Regarding mean corpuscular hemoglobin concentration
(MCHC), mean corpuscular hemoglobin (MCH), and
mean corpuscular volume (MCV), a marked increase was
observed in MCHC levels at both the 30 and 360 minutes
after treatment with the low dose of venom, suggesting
a sustained effect on MCHC. However, no significant
differences were observed in MCH and MCV levels
between the low and high doses of venom.

Exposure to the venom reduced the number of RBCs.
This reduction in RBC count occurred with a low dose of
venom, while the high dose of venom led to a significant
increase (P<0.05) in WBC count. This increase in WBC
count occurred at 120 to 360 minutes after venom
exposure, reaching its peak at 360 minutes with an 11.2%
increase compared to the control group.

Effect of Naja nubiae Venom on oxidative-stress and hematology of rat

Table 1 demonstrates that snake venom has a significant
effect on the clotting process, as evidenced by changes in
platelet counts. A significant increase was observed in
platelet count at two time points in response to a low dose
of venom, specifically at 30 and 120 minutes after venom
exposure, suggesting that even a low dose of venom can
trigger a rapid increase in platelet numbers. Moreover,
the high dose of venom caused a more pronounced and
sustained increase in platelet counts (P<0.05), starting at
30 minutes and continuing up to 360 minutes (6 hours)
after venom exposure. The peak increase in platelet
count occurred at 120 minutes, with a+111.4% increase
compared to the control group, suggesting a substantial
response to the venom at the higher dose.

Effect of Venom on Oxidative Stress

The results suggested that a high dose of venom
significantly impacted cellular lipid and protein oxidation
markers (MDA and PCC) and NO levels, with the
maximum changes occurring at 120 minutes after venom
administration (Figures 1A-1C). At 120 minutes, the
maximum changes occurred for MDA, PCC, and NO
by +31.8%,+2.3%, and +22.4%, respectively. Conversely,
a low dose of venom did not produce significant changes
in these parameters compared to the control group at any
time interval.

Some antioxidants such as GSH, CAT, and SOD were
elevated after injection as a way to assess oxidative stress
levels in response to venom. The results demonstrated
that the antioxidant enzyme activities were reduced
significantly in response to both low and high doses of
venom. Specifically, the low dose of venom significantly
decreased the GSH levels at all sampling times (30, 120,
and 360 minutes), with the maximum reduction with a
percentage change of -1.4% at 120 minutes. This indicates
arapid decrease in GSH levels in response to the low-dose
venom. In contrast, the high dose of venom did not have
the same effect on GSH levels as the low dose, suggesting
that the high dose was not effective at all time intervals of
the treatment compared to the control group (Figure 2A).

The high dose of venom significantly reduced the CAT
activity, particularly at the sampling times of 120-360
minutes (Figure 2B). The maximum degree of inhibition
of CAT activity occurred at 120 minutes after the high-
dose treatment, with a percentage inhibition of -36.8%.
The SOD activity was also notably inhibited by the
venom injection at all studied time points, with the most
pronounced inhibition at 120 minutes post-treatment
with the high dose of venom (Figure 2C).

Discussion

The current results indicated that the effects of snake
venom on blood cells are dose-dependent. A high venom
dose led to a considerable drop in RBC count and a rise
in WBC count. These changes in RBCs and WBCs can
have important implications for the overall health of the
individual and may reflect the body’s response to venom-
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Table 1. Effect of SC Injection of Two Doses (Low Dose=1/4 LD, - High Dose=1/2 LD, of Spitting Cobra Naja nubiae Crude Venom on Hematological

Parameters of Rats

Groups

Parameters Low Dose High Dose

Control

30 min % 120 min % 360 min % 30 min % 120 min % 360 min %
6

EEC (10 462003 59,000 07 42:02% 04 45:x01% 003 49:01° +03 4.8£02° +02 48+02° +06
Hb (g/dl)  14+03° 11.7£0.7° -2.3 12.4+04° -1.6 14.6+0.5" +0.6 15+04"  +1.0  15+04°  +1.0 145+0.5° +0.5

44.03+1.4 . \ be b
PCV % v 341£1.7° 9 39.1£1.9°0 5 404+12° -3.6 48.4+2.1°¢ +4.4 439245 0.1 44.6+22% +0.5
MCV (FL) 93.64+22% 87.940.9° -57 91.2+1.4% 2.4 89.4+15% -42 91.9+1.1° -1.7 89505 -41 93.03+1.6° -0.6

30.3+0.2
MCH (pg) T 302060 -0.1 2924090 -1.01 31.5£03° +12 303207 +0.0 29.9£03% 03 30203 -0.1
ZASHC@/ 32£0.40 343£05% 123 33.6:0.9% +1.7 354:04¢ +3.4 31.1£0.6° -0.9 32.7£0.5%¢ 107 32.1£0.7° +0.2
RDW-CV  11.7+02° 13+0.6° +1.3 12.8£0.5% +1.1 12.8£0.7* +1.1 12.8£02° +1.1 12.505° +0.8 12.6+0.4° +0.9
WBCs

7.2+12 6.8+1.1* -04 7.4+09°? +0.1 6.5+0.8? -0.8 9+0.7 2 +1.7 11.8+0.8" +4.6 184+12° +11.2
(x10%/mL)
;‘e“tror’h'ls 57+3.4° 562+1.8° -0.8 53.622.8° -3.4 50.8+1.4° -62 59.6+2.1% 12,6 542+1.1° 2.8 66.2+58° +9.2
(4]
(E/ymphocyte 35422 358+1.8° +0.8 38.4+2.8° +3.4 412145 162 32.4+21°% 26  38+1.1° +3 268+57° -82
ﬁ//lonocytes 52+09° 54+02° +02 54+02a +0.2 54+02° +02 54+02° +0.2 54+02° 402  5+04°*  -0.2
0
E/OS‘”Oph"S 2.8+0.4° 2.6+02° -02 2.6+02° -02 2.6+02° -02 2.6+02° 02  24+02° 04 2.4+04° -04
Platelet
count (x10%/ 166.6=7* 195+5.4> +28.4 201.2+4.3" +347 1883+6° +21.7 276.3+6.5¢ +109.7 278=6.4° +111.4 260+7.4° +93.4
pL)

and 1/2 LD

50 50/

The low dose and high doses were 1/4 LD,

respectively. Data are presented as mean+SE (5 animals/group). Multiple comparisons between all

groups are represented by letters a, b, and ¢, where similar letters are non-significant, while different letters are significant using one-way ANOVA and Duncan’s

Post hoc test (P<0.05).

Note. SC: Subcutaneous; %: Percentage of change as compared to the control group; RBC: erythrocytes; Hb: Hemoglobin; PCV %: Percentage of packed cell
volume; MCV: Mean corpuscular volume; MCH: Mean corpuscular hemoglobin; MCHC: Mean corpuscular hemoglobin concentration; RDW-CV: Red blood cell

distribution width; WBC: Leucocytes; SE: Standard error.

induced stress or injury.

Thefindingsrevealed thatenvenomationbyelapid snakes
leads to hemolysis in rats. This hemolysis is attributed to
specific venom components, including polypeptidic direct
lytic factors and phospholipase activity, which damage
RBC membranes. Hence, understanding the mechanisms
underlying these effects is essential for comprehending the
pathophysiological consequences of snake envenomation
and for developing potential treatments (27-29).

Therefore, the Hb levels decreased during venom
immunization, as described by Mora-Obando et al (30).
Bertholim et al noted that many of the metalloproteinases
found in Crotalidae, Viperidae, and Elapidae venoms
are hemorrhagic toxins that act synergistically to
degrade the extracellular matrix of blood vessels, causing
inflammation and necrosis (31). These symptoms align
with the hematological changes observed in the current
study.

Low doses caused a significant reduction in Hb and
PCV % due to the decrease of RBCs induced by hemolysis.
Similar results were observed by Nassar and Wehbe
(32). They asserted that the envenomation of cobras was

characterized by hemoconcentration, indicated by an
increase in PCV %, RBCs, and Hb (27). Nonetheless, the
variances in the present study’s results compared to prior
research (33,34) on the impact of cobra envenomation
may be attributed to differences in the duration of the
experiments, the doses of venoms, and the specific species
of cobra snakes utilized in the studies.

Moreover, a series of events involving PLA2, hemolysis
of RBCs, the release of free Hb (35), the oxidation of Hb
and its reaction with NO to form methemoglobin (MtHb),
and the pro-oxidant nature of MtHb led to potential
cellular damage (36). These processes may be relevant in
the context of certain pathological conditions or diseases
where these events occur.

SC injections of N. nubiae crude venom resulted
in a doubling of the number of circulating WBCs
(leukocytosis). This phenomenon is consistent with
previous research by Segev et al (33), which suggested
that envenomation by cobras triggers a time-dependent
leukocytosis associated with an inflammatory reaction.
A potential mechanism behind this leukocytosis could be
the action of the CVF, which induced the formation of
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Figure 1. Effect of SC Injection of Naja nubiae Venom on Oxidative Stress Biomarkers in Experimental Rats (n=>5 per sampling time). Rats received NaCl (control)
or N. nubiae venom (1/4 LD, =low dose or 1/2 LD, = high dose), and blood samples were collected after 30, 120, and 360 minutes. The results were expressed
as mean = SE. Multiple comparisons between all groups with each other are represented by letters (a, b, and c), where similar letters are non-significant, while
different letters are significant using one-way ANOVA and Duncan’s Post hoc test (P<0.05).

A: MDA, B: PCC, and C: NO. Note. SC: Subcutaneous; MDA: Malondialdehyde; PCC: Protein carbonyl content; NO: Nitric oxide; SE: Standard error
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Figure 2. Effect of SC Injection of Naja nubiae Venom on the Antioxidant Levels in Experimental Rats (n=5 per sampling time). Rats received NaCl (control) or
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as mean =SE. Multiple comparisons between all groups with each other are represented by letters (a, b, and c), where similar letters are non-significant, while
different letters are significant using one-way ANOVA and Duncan’s Post hoc test (P<0.05). A: Reduced GSH, B: CAT, and C: SOD. Note. SC: Subcutaneous;
GSH: Glutathione; CAT: Catalase; SOD: Superoxide dismutase; SE: Standard error

large amounts of C3e, releasing new additional leukocytes
from the bone marrow. A complementary protein C3
convertase induced by the CVF was produced using
the hemolymph of Galleria mellonella. The CVF was
immobilized on Sepharose 4B and treated with cell-free
hemolymph from G. mellonellalarvae, either unvaccinated
or immunized with formalized Pseudomonas aeruginosa.
The C3-cleaving activity of a C3 convertase induced by the
CVF demonstrated the capability to cleave the alpha chain
of bovine C3, mirroring the activity of the CVF-induced
mammalian C3 convertase known as CVFE. This activity
caused the aggregation and sequestration of WBCs and
concomitant plasma extravasation (37,38). The persistent
leukocytosis observed in the present study may indicate
the development of an inflammatory process over time.
Snake venom metalloproteinases (SVMPs) activity
induced adhesion molecule expression in the
microvasculature of the mouse cremaster muscle. This
finding is significant because it sheds light on the local
inflammation mechanism in snakebites, particularly
those caused by Bothrops snakes (39). SVMPs participate
indirectly through the production of proinflammatory
cytokines as mentioned previously by Teixeira et al
(40). The observed leukocytosis, along with changes in

the percentage of neutrophils and lymphocytes, may be
linked to the action of snake venom lectins. These lectins
are known to induce neutrophil accumulation, potentially
aggravating inflammation in response to certain snake
venom components (41).

Platelets are essential for blood clot formation, so
alterations in their count can provide insights into the
venom’s impact on coagulation. Significant hemorrhage
was observed solely at the initiation of envenomation,
occurring at the 30-minute mark with a low dose of venom
(Table 1). At the same time and dose level, a significant
increase was observed in the number of platelets. Severe
platelet aggregation (clumping) also occurred in response
to a high dose of venom, persisting throughout the three-
time intervals of the experiment. After envenomation, the
number of platelets was approximately twice the control
value for both doses. Naja venom (NV) has complex effects
on the coagulation system and can induce alterations in
platelet counts and aggregation, thus potentially affecting
both clotting and hemorrhage. These findings align with
previous research on Elapid snake venoms and their
impact on the coagulation system (27). Furthermore,
these findings provide important new insights into how
venom exposure affects cellular parameters and how these
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effects are dose-dependent.

Snake venoms contain proteins that act on platelets such
as PLA2, C-type lectins, disintegrins, and L-amino acid
oxidases (42) as well as metalloproteinases such as FV and
FX activators that bind to collagen or collagen receptors
on platelets (43). PLA2s lead to increased degradation
of membrane phospholipids of platelets, releasing
lysophospholipids. Some accumulated lysophospholipids
can be easily converted to platelet-activating factors, which
can promote platelet aggregation and induce inflammation
by WBC adherence and aggregation (44). FV and FX
activators act as procoagulants and catalyze the formation
of thrombin, disturbing the coagulation cascade (45). The
multifaceted effects of viper snake venoms, particularly
from the Bothrops genus, on the body’s inflammatory and
coagulation systems highlight the involvement of specific
venom components in both stimulating platelet functions
and promoting inflammation, suggesting a potential link
between thrombo-inflammation and the consequences of
viper envenomation (40).

The dual nature of ROS and reactive nitrogen species
in biological systems is important. While they are
essential for normal cellular function in physiological
concentrations (46), their excessive production can lead to
various pathological conditions, including inflammation,
atherosclerosis, neurodegenerative diseases, cancer, and
venom-induced toxicity (47). Therefore, understanding
the role of oxidative stress in venomous snakebites is
crucial for developing treatments and interventions (48).

Envenomation with N. haje leads to oxidative stress in
rats, as evidenced by increased levels of oxidative stress
markers (e.g., LPO, PCC, and NO levels) (49,50) and
reduced antioxidant levels (GSH) and activities (SOD and
CAT) (51). These results are in line with similar studies
involving different snake venoms, highlighting the general
impact of snake envenomation such as N. haje (52) and
Cerastes cerastes (13) on redox homeostasis and oxidative
stress.

Venom PLA2 promotes the catalytic Ca**-dependent
hydrolysis of the sn-2 acyl bond (sn-2 position) of
plasma membrane glycerophospholipids, liberating
lysophospholipids and free fatty acids such as arachidonic
acid (53). Moreover, lysophospholipid servesas a precursor
for proinflammatory platelet-activating factor, a potent
inflammatory agent and an inducer of ROS production
(10). Arachidonic acid undergoes oxidative metabolism
by cyclooxygenase and lipoxygenase enzymes, leading to
the formation of potentially toxic ROS and the production
of inflammatory mediators such as prostaglandins,
thromboxanes, prostacyclins, and leukotrienes, changing
redox homeostasis (53). All of these events contribute
profoundly to oxidative stress and inflammation as a
result of MDA accumulation (54).

Furthermore, NO can react with superoxide (O**")
to form peroxynitrite (ONOO"), a potent oxidant and
nitrating agent capable of attacking and modifying
proteins and depleting antioxidant defenses (55).

Moreover, the venom-induced oxidative stress increases
the steady state of ROS, causing PCC to accumulate on
the side chain of proteins (56). The chemical and physical
structure of proteins changes when exposed to ROS,
resulting in side-chain group oxidation, protein scission,
backbone fragmentation, cross-linking, and unfolding.
These changes occur through the formation of fresh
reactive groups known as carbonyl groups (57).

In addition, the secondary reaction of the nucleophilic
side chains of amino acid residues with aldehydes
produced during LPO leads to the introduction of the
carbonyl group into proteins (58,59). Additionally, NO
is a free radical created when the enzyme NO synthase
converts the amino acid arginine into NO and L-citrulline
(60). Inducible nitric oxide synthase (iNOS) and ROS
generation both have the potential to release NO (61).

Cellular iNOS activity can produce micromolar
concentrations of NO, which can be involved in various
processes during envenomation. NO generated by
iNOS can cause tissue damage by interacting with the
anion superoxide to form peroxynitrites and hydroxyl
radicals. These reactive molecules can cause oxidative
stress and damage to cellular components, potentially
leading to tissue injury (62). NO is known for its
vasodilatory properties, that is, it can relax blood vessels
and increase their diameter. This vasodilation action of
NO can contribute to the hypotension characteristic of
envenomation, and dilated blood vessels can cause a drop
in blood pressure, which can have various physiological
effects.

Interestingly, NO secretion might have a protective role
against the neurotoxic effects of scorpion envenomation.
Two potential mechanisms are involved: NO can directly
activate Ca®*-activated- K*-channels (K*-Ca?*) in cell-free
membrane patches, counteracting the neurotoxic effects
of the venom (63). NO can also inhibit the mitochondrial
uptake of calcium ions (Ca**) and increase the probability
of opening the mitochondrial ATP-sensitive K*channel.
This modulation of mitochondrial function may also
protect against neurotoxicity (59,63). This scenario may
occur in response to cobra venom which contains about
5% NTX of dry weight. Although the NTX concentration
in cobras is slight, it is highly potent, and small doses are
likely sufficient for its functional effects (64).

The examination of animal peptide toxins, particularly
those present in snake venom, and their interaction
with Kv channels has provided valuable insights into the
physiological characteristics of potassium (K+) channels.
These compounds are predominantly located in the
venoms of various species. Moreover, the NTX derived
from snake venom shows potential as a therapeutic agent
for addressing chronic voltage-gated potassium channel
(Kv) channelopathies (65).

These alterations were brought about by the actions of
ROS such as O*, H,0,, and NO (59) or by the inhibition
of mitochondrial and cytosolic enzymes which resulted
in a reduction in metabolic activity (66). Moreover, the
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decreases in enzymatic antioxidants were found to be
correlated with the elevation of LPO and NO levels in
envenomed rats, showing the oxidative activity of cobra
snake venom as indicated by Tohamy et al (52). ROS
were converted to water by cellular antioxidant defense
mechanisms such as GSH, SOD, and CAT (67). According
to Kochar and Umathe (66), these are the most significant
mechanisms for free radical-induced tissue damage,
which can cause oxidative stress to affect cells. As a result,
oxidative reactions now balance antioxidant activity and
oxidant production.

Another plausible mechanism for
antioxidants is their use for fighting or scavenging
the resulting or formed free radicals in response to
envenomation (63). This was considered to be an adaptive
response or strategy, that is, a countervailing mechanism
that empowers victim cells to overcome the damage
caused by venom composition (49). Kebir-Chelghoum
and Laraba-Djebari (50) pointed out that the cellular
antioxidant capacity is impacted by the increasing amounts
of pro-oxidant products during envenomation as seen by
GSH depletion and CAT and SOD activity inhibition.

The strength of the present study is that it addresses a
gap in existing knowledge by focusing on the oxidative
stress and hematological profile induced by the venom
of the Egyptian Spitting Cobra (N. nubiae). This
original contribution adds valuable information to the
limited literature available on this specific snake species.
Additionally, the study employs a dose-dependent
approach, injecting varying amounts of snake venom
to assess the effects on blood cells. It also provides
a comprehensive assessment of both hematological
parameters and oxidative stress biomarkers. By including
multiple time points for blood sample collection and
evaluating various biochemical markers, the research
offers a comprehensive analysis of the venom’s effects on
both cellular and molecular levels. Moreover, the use of
adult male Albino rats is a common and practical approach
in venom studies, allowing for controlled experiments to
observe the systemic effects of the venom.

It is essential to address the study’s limitations,
particularly regarding species specificity, gender bias, and
the need for more extensive mechanistic investigations.
While the study identifies alterations in oxidative stress
markers and hematological parameters, it does not delve
deeply into the specific molecular mechanisms responsible
for these effects. Hence, additional mechanistic studies
could enhance the understanding of the venom’s mode of
action.

reduction in

Conclusion

The study concludes that N. nubiae crude venom induces
oxidative stress by disrupting the redox balance, primarily
through alterations in antioxidant enzyme activity. This
oxidative stress, in turn, significantly affects hematological
parameters in rats subjected to envenomation. The
findings provide valuable insights into the physiological

Effect of Naja nubiae Venom on oxidative-stress and hematology of rat

consequences of envenomation by the rare and highly
dangerous Egyptian cobra species, N. nubiae, shedding
light on the involved intricate oxidative processes.
These insights lead to a broader understanding of cobra
envenomation and may inform future research and
therapeutic strategies for managing such cases.
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