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ieceivteféi 11?5//2//22%2255 Background:Melamine is a common pollutant that
ccepted : .

Accepted to  Online publish: threatens human and animal health. The elevated

10/8/2025 concentrations of these compounds cause adverse effects

in humans and animals. AIM: This paper aims to evaluate
the protective effect of Egyptian cobra shake venom
against melamine-induced Nephrotoxicity in rats.
Methods: The current study was conducted on six groups
of adult albino rats as follow. group | ( negative
control):rats were I.P. injected with 2ml distilled water for
all experiment period, group lI( SV10ug/kg) :Rats were
I.P. injected with 10 pg/kg snake venom, group Il
(SV20pg/kg):Rats were 1.P. injected with 20 pg/kg Snake
venom , group IV(melamine):Rats received 700mg/kg
melamine ,group V(melamine+SV10ug/kg): Treated with
10 pg/kg snake venom, group VI( melamine+SV20ug/kg):
Treated with 20 pg/kg snake venom. Results: Treatment
with snake venom enhanced Nephrotoxicity induced by
melamine by ameliorating  kidney  function and
increasing apoptotic marker Caspase-3 ,and decrease level
of cystatin C protein , also decrease inflammatory level
marker IL-2, and expression level IL-10, INF-y.
Conclusion: Treatment with snake venom improved
nephrotoxicity induced by melamine in albino rats.
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I.Introduction:

Nephrotoxicity describes the detrimental toxic  intermediates. The  principal
impact certain chemical agents can have  mechanisms underlying kidney damage
on kidney function, as noted in previous include oxidative stress, inflammation,
studies. The kidneys filter out toxins and  apoptosis, and necrosis. Furthermore,
excrete waste products via urine. nephrotoxic agents, drugs, and poor renal
Substances that are nephrotoxic may cause  perfusion can contribute to acute renal
acute kidney injury (AKI) either directly, failure (ARF), thereby exacerbating
by metabolizing into harmful compounds  nephrotoxicity.

within the renal tubules, or indirectly,

through hepatic metabolism that produces Melamine has attracted global attention

* Corresponding author: Al-Shimaa Mahmoud Abas, Biochemistry Department, Faculty of Science, Zagazig University, Egypt.
Email: dr_shmma@yahoo.com. Mobile:01009890366. orcid.org/0000-0002-3736-6554.


mailto:dr_shmma@yahoo.com

120

Al-Shimaa et al, 2025

Biochemistry letters, 21 (1) 2025, pages 119-133

due to its documented toxicity in food
products, especially dairy. A notable
example occurred when melamine-
contaminated infant formula caused
nephrotoxic effects in children. This
incident resulted in urinary tract stones in
infants and young children, affecting
approximately 294,000 individuals—over
50,000 were hospitalized and six deaths
occurred due to acute Kkidney failure.
Similar renal failure and fatalities have
been reported in pets consuming
melamine-contaminated food.
Additionally, melamine exposure has been
linked to sperm abnormalities and DNA
damage. Consequently, multiple strategies
have been investigated to reduce or
counteract melamine-induced toxicity.

Biologically active proteins and peptides
make up the complex mixture that is snake
venom. with distinct enzymatic and non-
enzymatic properties that affect various
physiological systems. Due to their
pharmacological potential, snake venoms
are increasingly studied for therapeutic
applications. Venoms from the Naja genus,
particularly . Naja nubiae, the Egyptian
spitting cobra, is well-known for its anti-
inflammatory, antipyretic, and analgesic
properties. Some components in cobra
venom modulate coagulation, acting as
either pro-coagulant or anti-coagulant
agents.

This study investigates the potential of
cobra venom to alleviate nephrotoxic
effects caused by melamine in albino rats,
focusing on its influence on biochemical

markers, inflammatory mediators, and
histopathological changes in kidney
tissues.

I1.Material and Methods:

Chemicals:

Melamine was sourced from Sebra
Chemical Co., located in the 10th of
Ramadan City, Egypt. Venom from Naja
nubiae cobras was gathered from Aswan,

Egypt's Nubian region in March 2022. .
Following the Mirtschin extraction
technique, venom was obtained by
encouraging the snakes to bite through a
parafilm-covered collection container.
The raw venom was lyophilized using a
LABCONCO freeze-drying machine
(USA), diluted 1:10 with sterile distilled
water, and then stored at -20°C.

Animals:

Male albino rats (180-200 g) were
acquired from Zagazig University's
Experimental Animal Care Center. Prior to
the experiment, Rats were kept in regular
lab settings (25°C, 12-hour light/dark
cycle) in the Faculty of Science animal
house. All experimental procedures
adhered to ethical protocols approved by
the university's animal care committee
(Protocol No.: ZU-IACUC/2/F/38/2022).

Induction of Nephrotoxicity:
Nephrotoxicity was induced by giving 700
mg/kg body weight of melamine orally
every other day for 28 days. Warm
distilled water was used to dissolve the
melamine.

Lethal dosage of cobra venom median
(LDso) was determined in accordance
with the method outlined by Meier and
Theakston.

Experimental design:
48 rats were randomly assigned to six
groups (n = 8 per group) following an
acclimation period:
- Group | (Negative Control): Received 2
ml  of distilled water daily via
intraperitoneal (IP) injection.
- Group 11 (SV 10 pg/kg): Administered 10
pmg/kg of cobra venom IP for six
consecutive days.
- Group 11 (SV 20 pg/kg): Given 20 pg/kg
of cobra venom IP for six days.
- Group IV (Melamine Only): Orally
administered 700 mg/kg melamine daily
for 28 days.
- Group V (Melamine + SV 10 pg/kg):
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Treated with melamine as in Group 1V,
followed by 10 pg/kg of cobra venom IP
for Six days.
- Group VI (Melamine + SV 20 ug/kg):
Treated with melamine for 28 days and
subsequently injected with 20 pg/kg cobra
venom for six days.

Blood collection:

Using light ether anesthesia, blood
samples were drawn from the retro-
orbital venous plexus at the conclusion
of the experiment and after a 12-hour
fast. Serum was isolated and kept at -
20°C for biochemical analysis after
samples were centrifuged for 20 minutes
at 4000 rpm.
Tissue Preparation:
In order to create 10% (w/v)
homogenates, kidney tissues were
homogenized in ice-cold phosphate-
buffered saline (pH 7.4). One portion of
each sample was prepared for
histological examination, while the other
portion was reserved for molecular
studies

Biochemical Analysis:
Kidney Function Test Urea and uric acid
levels in the serum were determined
using the enzymatic Berthelot method
with kits from Diamond Diagnostics
(Germany). Creatinine levels were
quantified using a buffered kinetic Jaffé
method without deproteinization, via
Spinreact Kits (Spain).
ELISA Assays:

Levels of IL-2, caspase-3, and cystatin
C in kidney tissue homogenates were
quantified using ELISA kits from MBS
Biosciences.

Gene Expression Analysis (IL-10
and INF-y):
Until the RNA was extracted, kidney
tissues were kept at -80°C. The
QlAamp RNeasy Mini Kit (Qiagen,
Germany) was used to isolate total
RNA. Metabion (Germany) provided
the  primer  sequences. Using
TransScript Green SYBR One-Step
gRT-PCR SuperMix, real-time

quantitative PCR was carried out. The
2"=AACt technique was wused to
examine relative gene expression.

Histopathological Examination:
Fixed kidney tissues were cut into
sections (4-5 pm), embedded in
paraffin wax, and stained with
hematoxylin and eosin. A light
microscope set to x400 magnification
was used for histological evaluations.

Results

Toxicity Assessment:
The median lethal dose (LDso) for Naja
nubiae venom was estimated to be 0.2
mg/kg body weight.

Effect on Kidney Function Markers:
Data in Table 1 and Figures 1 and 2
reveal a significant elevation in serum
urea (47%, P<0.01), creatinine (43.7%,
P<0.001), and uric acid (18%, P<0.001)
in the melamine-treated group relative to
controls. Cobra venom treatment
significantly ameliorated these changes,
particularly at the 10 pg/kg dose,
demonstrating a restorative effect on
renal function.

Inflammatory and Apoptotic Markers in
Renal Tissue:
As shown in Table 2 and Figure 3, IL-2
and cystatin C levels in kidney tissues
were markedly elevated in the melamine
group—by  246% and  328.9%,
respectively  (P<0.01). In contrast,
caspase-3 expression was reduced by
64% compared to control levels. Cobra
venom  administration  significantly
normalized all three markers, suggesting
reduced inflammation and improved
apoptotic regulation.

IL-10 and INF-y Gene Expression:

Table 3 and Figure 4 demonstrate a
403% and 500% increase in 1L-10 and
INF-y gene expression, respectively, in
group melamine (P<0.001). These levels
were notably reduced in venom-treated
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groups, with the 10 pg/kg dose showing
a stronger anti-inflammatory effect than
the 20 pa/kg dose.

Histopathological Observations:
Photomicrographs (Figure 5) showed
normal renal architecture in control and
venom-only groups, including intact
glomeruli and tubules. Severe renal
injury was evident in the melamine
group, including glomerular atrophy,

tubular  degeneration,  cytoplasmic
vacuolization, and inflammatory
infiltration.  Treatment with cobra

venom, especially at 10 pg/kg, led to
partial to significant restoration of renal

structure, indicating histological
recovery.
.Discussion.

Nephrotoxicity — refers  to Kidney

impairment caused by various insults,
including chemical agents, medications, or
systemic conditions such as hypertension,
obesity, liver dysfunction, septicemia, and
diabetes mellitus [31]. It is distinct from
renal pathology of non-chemical origin,
though both can present with overlapping
clinical features.

Previous research has established that
melamine can cause multi-organ damage
in humans and animals, with significant
implications for the central nervous
system, cardiovascular health,
reproductive function, liver, and especially
the kidneys [32]. In the present study,
melamine exposure was associated with
marked renal dysfunction, evidenced by
elevated biochemical markers,
inflammatory cytokines, and observable
histological damage. These findings align
with  prior reports documenting the
nephrotoxic potential of melamine and its
capacity to induce urolithiasis,
nephrolithiasis, and hydronephrosis [32].

sources of
with

rich
molecules

Snake venoms are
biologically  active

potential pharmacological applications
[33]. For instance, phospholipase A2
(PLA2) enzymes from Cerastes and

Macrovipera lebetina  species have
demonstrated anticancer activity [34].
PLA2s also degrade phospholipid

membranes and have been reported to
exert antimicrobial effects [35]. Beyond
antimicrobial and antitumor effects,
components of snake venom possess
analgesic and anti-inflammatory properties
that have been studied for decades [36].
However, their therapeutic utility is
limited by challenges in targeted delivery.

In the current investigation, melamine
administration significantly elevated serum
levels of urea, creatinine, and uric acid—
classic indicators of impaired kidney
filtration. These findings support earlier
research suggesting that melamine disrupts
podocyte  function and  glomerular
integrity, leading to increased proteinuria
and elevated waste product accumulation
[16,37-41]. Treatment with cobra venom
reversed many of these effects. Improved
renal function in treated groups, especially
those receiving the 10 pg/kg dose,
supports previous observations that venom
components can restore  glomerular
filtration and reduce protein leakage
[42,43].

Our results also showed a significant
increase in IL-2 levels following melamine
exposure. I1L-2 is a key pro-inflammatory
cytokine involved in T-cell proliferation
and immune activation via NF-xB pathway
activation [57,59,60]. Elevated IL-2 levels
indicate ongoing renal inflammation.
Notably, groups treated with cobra venom
showed normalization of IL-2 levels,
suggesting that venom components may
attenuate the inflammatory cascade—a
finding consistent with prior work [42,43].

In terms of apoptosis, melamine
significantly reduced caspase-3
expression. This result is consistent with
studies showing that melamine-induced
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ROS production, mitochondrial Final thoughts:

dysfunction, and reduced caspase activity
lead to impaired apoptotic regulation in
kidney tissue [46,49]. However, treatment
with Naja nubiae venom restored caspase-
3 levels, pointing to improved
mitochondrial stability and regulated cell
death pathways in the kidneys [51].

Another important biomarker, cystatin C,
was significantly increased in the
melamine group. This reflects glomerular
filtration rate (GFR) impairment and early-
stage kidney injury [52-55]. Cobra venom
treatment normalized cystatin C levels, in
agreement with studies reporting venom-
induced enhancement in renal clearance
and GFR [56].

Elevated gene expression of IL-10 and
INF-y in melamine-treated rats further
confirmed the presence of active
inflammation and cytokine dysregulation.
These cytokines are known to promote kB
kinase (IKK) activation and NF-«xB-
mediated signaling, contributing to kidney
injury [57,58,61-65]. The reduction of
these markers in venom-treated groups
indicates that cobra venom may exert a
regulatory effect on pro-inflammatory
signaling  pathways, likely through
inhibition of IKKs, as reported in previous
literature [42].

Histological ~ findings  supported  all
biochemical and molecular data. Rats
exposed to melamine exhibited severe
renal tissue degeneration, including tubular
necrosis, glomerular  damage, and
inflammatory cell infiltration. These
changes are in line with earlier findings on
melamine-induced  kidney  pathology
[44,45]. Conversely, histological recovery
was observed in venom-treated groups,
particularly those given 10 pg/kg, showing
regeneration of tubular structure and
restoration of glomerular integrity—
similar to observations by other authors
investigating the therapeutic effects of
Naja nubiae venom [43].

The study's conclusions indicate that Naja
nubiae  (Egyptian  cobra)  venom,
particularly at a dose of 10 pg/kg, offers
significant protection against melamine-
induced nephrotoxicity in albino rats.
Treatment with this dose effectively
mitigated renal dysfunction, suppressed
inflammatory responses, and improved
apoptotic and anti-apoptotic biomarkers.
Additionally, histological improvements in
renal tissue further supported the
therapeutic potential of the venom. Based
on the evidence, the 10 pg/kg dose appears
to be safer and more efficacious than the
20 pg/kg dose, making it a promising
candidate for further investigation as a
potential nephroprotective agent.
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Table 1: Comparison of renal function biomarkers (urea, creatinine, uric acid) across
experimental groups following melamine and/or cobra venom administration.

Groups )
Negative SV SV Melamine Mela;r\n/me+ Melamine+ -
value
control (10/pg/dl) | (20/pg/dl) (10/pg/dI) SV (20/ug/dl)
Urea 51.540.64° | 50.75+1.37° | 50.5+0.64° | 75.75+8.6** | 52+4.02° 61.3+2.02 0.002
(mg/dl) . i i
-1.45% -1.9% 47% 0.97% 19%
Creatinine | 0.55+0.008° | 0.53+0.04° | 0.58+0.02° | 0.79+0.02*** | 0.51+0.03° | 0.63+0.02° 0.000
(mg/dl) i i ) i
-3.6% 5.45% 43.6% -7.3% 14.5%
Uric acid | 1.44+0.014° | 1.41+0.052° | 1.55+0.023° | 1.70+0.022*** | 1.56+0.016*° | 1.59+0.037 0.000
(mg/dl)
-2% 7.6% 18% 8.3% 10%

Regarding the control group, * P<0.05, ** P<0.01, and *** P<0.001 were observed.
aP<0.05, bP<0.01, and cP<0.001 in comparison to the positive control group. The

mean difference is significant at P<0.05. The proportion of change is expressed as a
percentage of the control group.
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Figure 1: Average serum urea levels across all treatment and control groups.
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Figure 2: Comparative analysis of uric acid and creatinine concentrations among
different experimental groups.

Effects of treatment plans on kidney levels of anti-apoptotic (cystatin C),
apoptotic (caspase-3), and inflammatory (IL-2) indicators in all rat groups are
shown in Table 2,

Negative SV . Melamine+ Melamine+
Eleups control | SV QOGN | o0 igrary | Melamine o oty | sV oiugidly | P
value
Kidney 6.35+0.54" 5+0.23° 475+1.23° | 22+1.50** | 9.9+0.46** |12.7+0.23*** | 0.000
iL-2(ng/g
tISSUE) -21% -25% 246% 55.9% 100%
Kidney 14.15+0.60 | 12.65+0.43° | 13.3+1.15° | 60.7£3.0** | 25.5+2.24**" [ 22.35+1.02**° | 0.000
Cystatin—c | ° 0 0 0 O
(ng/g tissue) -106% 6% 328.9% 80% 58%
Kidney 25.05+1.35° | 26.85+1.18° | 27.85+1.58° | 8.9+1.5** | 17.05+0.95° 20.9+0.69° | 0.000
Caspase-3 . . . i
(ng/g tiSSUE) 7% 11% -64% -32% -16.5%

P<0.05, **P<0.01, and *** P<0.001 in comparison to the control group, respectively.

lower than the positive control group (aP<0.05, bP<0.01, cP<0.001). The percentage
change is the percentage of change relative to the control group. The mean difference
is significant at P<0.05
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Figure 3 : Group-wise mean levels of renal biomarkers reflecting inflammation,
apoptosis, and cellular repair.

Table3: Differential expression of IL-10 and INF-y genes in renal tissues among the
various experimental groups.

Nega Melami | Melami P

Groups tive (Sl\(/) Iug/d (82\(/) /g/d] Melami | ne+ SV | ne+ SV val
Cont ) ) ne (10/pg/d | (20/ug/d o
rol 1) 1)

Gene | Kid | 1+0.0 | 1.02+0.0 | 1.11+0.0 | 5.03£0.0 | 2.13+0.1 | 2.34+0.0 | 0.0
expres | ney | 0° 02*° Q2***C | 2xb 4rx*¢ | 00
sion of
IL-10 2% 11% 403% 113% 134%

Gene | Kid | 1+0.0 | 1.04£0.0 | 1.33£0.0 | 6.00+0.0 | 2.55+0.0 | 2.98+£0.0 | 0.0
expres | ney | 0° 04**¢ 3*¢ 12%** FHxC frrxe 00
sion of

IN F'Y 4% 33% 500% 155% 198%

* P<0.05, ** P<0.01, and *** P<0.001 relative to the control group respectively.

compared to aP<0.05, bP<0.01, and cP<0.001 for the positive control group. The
difference in mean is significant at P<0.05. Change percentage is the percentage of
change compared to the control group.
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Figure 4: Relative expression level of MRNA INFy and IL10 in renal tissues of all
test groups.
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Figure 5: Photomicrographs presented Hematoxylin and Eosin Stain, Magnification Power = x400, and
Scale Bar = 50um were used to examine the histopathological differences in kidney tissue slices (renal
cortex area) between the groups under investigation A control group, a 10ug/kg cobra venom group,
and a 20pg/kg cobra venom group Venom exhibiting the typical histological structure of the renal
cortex, forming a renal corpuscle with intact proximal (arrowheads) and distal (arrows) convoluted
tubules, as well as Bowman's capsule (rectangles). (d) Section from melamine Group revealing severe
renal damage including atrophy of renal corpuscle with degenerated capsule (rectangle), dilated
glomerular space (star), vascular congestion (arrow with tail), interstitial edema (wave arrow), and
inflammatory cells infiltration (curvy arrow). Furthermore, most renal tubules display degenerative
changes with loss of its organization (circle), other renal tubules noticed with cytoplasmic
vacuolization, pyknotic nuclei of its lining cells (arrow) and hyaline cast in their lumen (arrowhead).
(e) Section from Treated Group with 10pg/kg CobraVenom showing a significant tissue recovery with
most renal tubules and a virtually normal renal corpuscle with slight congestion (rectangle) restore its
normal organization (circle) except few noticed with epithelial desquamation (arrowhead) and deep
basophilic apoptotic nuclei (arrow). Moreover, few number of aggregated inflammatory cells (curvy
arrow) as well as scarce interstitial hemorrhage (arrow with tail) were also seen. (f) Section from
Treated Group with 20ug /kg cobraVenom demonstrating few improvements that assembled in some
renal corpuscle still with atrophy (star) and others appeared intact (rectangle), vascular congestion
(arrow with tail), and high number of inflammatory cells infiltration (curvy arrow). Additionally, some
renal tubules restore its organization (circle), other renal tubules detected with epithelial desquamation
(arrowhead), and cytoplasmic vacuolization of its lining cells (arrow).



