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1. Introduction
Morbidity and mortality due to snakebite is an impor-

tant socio-medical problem throughout the globe, particu-
larly in rural areas. There are at least ten species of terres-
trial venomous snakes inhabiting in Saudi Arabia [1, 2]. 
The puff adder (Bitis arietans) is a venomous viper species 
that occupies densely populated habitats throughout the 
Middle East and savannah areas of sub-Saharan Africa [3]. 
Bitis arietans is responsible for a larger number of snake 
bites in humans and domestic animals than all other Afri-
can snakes put together [4]. The genus Bitis comprises 17 
snake species that inhabit Africa and the Arabian Penin-
sula. They are responsible for a significant proportion of 
snakebites in the region due to many factors, such as their 
wider distribution, frequent occurrence in highly popula-
ted areas, and aggressive behavior [5, 6]. The local effects 
of B. arietans envenomation include swelling, blistering, 
arterial thrombosis, bruising and necrosis whereas the 
systemic effects of its envenomation in humans mostly 
include hypertension, bradycardia, spontaneous bleeding 
and thrombocytopenia [7]. The mortality due to B. arietans 
envenomation is rare. However, the lack of early interven-
tion with anti-venom may result in poor quality of life due 
to disabilities caused by local necrosis [8]. 

Bitis arietans venom (BAV) contains multiple toxins 
and is considered as the most toxic venom from any viper 
species with an LD50 of 9–13 µg (approx. 300-430 µg/
kg bodyweight) in mice. Previous studies on B. arietans 
venom have resulted in the isolation of toxins including 
bitanarin, a novel post-synaptic neurotoxin with PLA2 ac-
tivity [3], bitiscetin, a platelet aggregation inducer [9], and 
Ba100, a toxin with fibrogenase activity [10]. These studies 
indicate that puff adder as an extremely hemotoxic venom 
that prevents the formation of platelets in the bloodstream, 
causing hemorrhage and tissue necrosis. Because of the 
antivenin crisis in many countries, the puff adders have the 
potential to cause significant harm to humans they attack 
with their lethal venom [11]. 

Studies on the mechanism of action of BAV are cru-
cially important for the development of effective antidotes 
and pharmacotherapies. Notwithstanding the prevalence 
of snake bites and fatality of B. arietans envenomation, the 
underlying mechanisms of toxicity remain poorly unders-
tood, particularly regarding the involvement of pro-inflam-
matory cascade, which can significantly potentiate local 
[12, 13] and systemic reactions [8, 14]. Recently, Megale 
et al [4] studied the inflammatory response related to the 
B. arietans envenomation using a peritonitis mice model. 
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They performed most of the biochemical and molecular 
analyses in peritoneal exudate cells instead of vital organs. 
In this study, we investigated the role of inflammatory me-
diators in Bitis arietans venom (BAV)-induced liver and 
kidney toxicities in rats using biochemical, molecular and 
histopathological approaches.

2. Materials and Methods

2.1. Animals and treatment
Healthy adult male Sprague Dawley rats weighing 

between 170-180 g were used in this study. The animals 
were divided into four different groups (N=6 in each group) 
and labeled by numbers on tails, housed in clean cages and 
placed in the animal care room with controlled tempera-
ture and 12 h light/dark cycles. The rats were allowed free 
access to food (Purina rodent chow) and tap water ad libi-
tum. Control rats received sterile normal saline whereas 
the remaining three groups were treated intraperitoneally 
(IP) with Bitis arietans venom (BAV) at a dose of 0.5 mg/
kg, dissolved in normal saline. The animals in BAV groups 
were sacrificed at different time intervals; 2 h, 24 h, and 1 
week post-dosing, respectively. 

Blood samples were obtained by cardiac puncture and 
collected in serum separator tubes. Tubes were kept at 
room temperature for 30 minutes and then centrifuged at 
1500 g for 10 minutes. The upper layer (serum) was trans-
ferred to a new clean tube and stored in a freezer at -80°C 
(Thermo Scientific, US). Liver and kidneys were dissected 
out, washed with normal saline, and cut into small pieces 
before immersing in RNA Later solution (Qiagen, DE) to 
prevent RNA degradation. For histopathology, liver and 
kidney samples were fixed in 10% formalin. 

2.2. Serum biochemistry
The biomarkers of liver function including serum ala-

nine aminotransferase (ALT) and aspartate aminotrans-
ferase (AST) were determined by commercially avai-
lable kits (United Diagnostic Industries, Saudi Arabia) 
following the protocols provided in the kits inserts. Both 
ALT and AST are liver enzymes and their elevated levels 
in blood indicate liver injury. For renal function test, the 
biomarkers including blood urea nitrogen (BUN) and se-
rum creatinine (SCr) were determined by colorimetric kits 
purchased from United Diagnostic Industries, Saudi Ara-
bia. The retention of BUN, Scr and other metabolic waste 
products excreted by kidneys indicates acute renal injury.

2.3. Gene expression analysis
Total RNA was extracted from liver and kidney 

samples (preserved in RNA Later solution) using SV Total 
RNA Isolation System (Promega, US). In a sterile micro-
centrifuge tube, approximately 30 mg tissue was taken 
and 175 μl of RNA Lysis Buffer (containing beta mercap-
toethanol) was added and then homogenized by Tissue 

Tearor Homogenizer (Cole Parmer, USA). This homo-
genate was used for total RNA extraction using multiple 
steps of reagent additions and centrifugations, according 
to prescribed protocol by the Kit supplier. The extracted 
RNA through spin columns was finally dissolved in 100 μl 
nuclease-free water and stored at –80°C (Thermo Fisher 
Scientific, USA). The purity and concentration of RNA 
was determined by using a Nano-drop Lite Spectrophoto-
meter (Thermo Scientific, USA). 

For real time PCR analysis, Power SYBR Green RNA-
to-CT One-Step Kit (Applied Biosystems, USA) was 
used. The reaction mixture (20 µl) contained forward and 
reverse primers (0.5 mL each), RNA (1 µl), master mix (10 
µl), reverse transcriptase enzyme (0.16 µl), and remaining 
nuclease-free water. The 96-well microplate was incuba-
ted at 50°C for half an hour followed by 95°C for 10 min 
in a real-time PCR instrument. The PCR cycling condi-
tions were as follows: 45 cycles of 95°C for 15 s, 60°C 
for 20 s, and 72°C for 1 min [15]. The primer sequences 
for the target genes (IL-1β, IL-6 and TNF-α) and the hou-
sekeeping gene (GAPDH) are given in Table 1.

 
2.4. Histopathology

The pre-fixed tissues were processed for the sequential 
steps of washing, dehydration, clearing and impregnation 
using an automatic tissue processor (Sakura, Japan). We 
used an automated embedding station (Sakura, Japan) for 
embedding the specimens in paraffin blocks. Sections of 
4 micron thickness were cut using a rotary microtome 
(Leica-RM2245, Germany) and then mounted on glass 
slides. We used an autostainer (Leica Biosystems, Germa-
ny) for Hematoxylin & Eosin staining of the sections. The 
mounted specimens were observed under light microsco-
py [16, 17].

2.5. Statistical analysis
One-way analysis of variance (ANOVA) was used for 

data evaluation for statistical differences among groups. 
Dunnett’s multiple comparison post-hoc test was used to 
compare mean values from different treatment groups. P 
values < 0.05 were considered as statistically significant. 
All the statistical analysis was performed using the SPSS 
(Version 10) statistical package.

3. Results
There was no significant difference in serum ALT acti-

vities among different treatment groups (Table 2). Serum 
AST activities showed increasing trends after BAV (0.5 
mg/kg) injection and this increase was statistically signifi-
cant at 24 h following BAV injection (Table 2). The mar-
kers of renal function tests including BUN and SCr did 
not show any significant change among different treatment 
groups, at different time intervals (Table 2).

The light microscopic observation of liver histopa-
thology is shown in Figure 1. The liver from control rat 

Target Forward primer Reverse primer
IL-1β CACCTTCTTTTCCTTCATCTTGT GTCGTTGCTTGTCTCTCCTTGTA
IL-6 TAGTGGATGCTTCCAAACTG GAGCATTGGAAGTTGGGGTA
TNF-α ACTGAACTTCGGGGTGATTG GCTTGGTGGTTTGVTACGAC
GAPDH GATTTGGGCGCCTGGTCACC CGCTCCTGGAAGATGGTGATGG

Table 1. Sequences of primers used for real time PCR.
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sion in liver of BAV (0.5 mg/kg) treated rats as early as 2 
h post-dosing, which was further increased at 24 h (Figure 
3). However, IL-1β expression reduced with time (1 week) 
but even significantly higher than control group (Figure 3). 
There was no significant change in IL-6 gene expression 
at 2 h post-dosing of BAV, however, significant increases 
in IL-6 expression were observed at 24 h and 1 week after 
BAV exposure (Figure 3). Although TNF-α gene expres-
sion was not significantly altered at 2 h post-BAV enve-
nomation, a significant increase in TNF-α expression was 
observed at 24 h that not only persisted but increased after 
1 week, post-dosing of BAV (Figure 3).

In kidneys, there were no significant alterations on the 
expression of IL-1β at 2 h and 1 week post-dosing of BAV 
when compared with the normal rat kidney. However, 
there was a significant increase in IL-1β gene expression at 
24 h after BAV envenomation (Figure 4). The gene expres-
sion of IL-6 was not altered by BAV (0.5 mg/kg) at any 
time points (2 h, 24 h and 1 week) when compared with 
the control group. BAV envenomation caused significant 
increase in TNF-α expression at 24 h that subsided after 1 
week post-dosing of BAV (Figure 4).

 
4. Discussion

The results of liver function test did not show any si-
gnificant change in serum ALT activities among various 
treatment groups however serum AST was significantly 

showed normal hepatic tissue whereas the injection of 
BAV (0.5 mg/kg) resulted in congested blood vessels with 
mild focal inflammatory cell infiltration at 2 h post-dosing 
(Figure 1B) which persisted at 24 h following BAV expo-
sure (Figure 1C). At one-week post-dosing of BAV, the 
hepatic cells appeared to be normal indicating the regene-
ration process with time (Figure 1D). 

Figure 2 shows the light microscopic observation of 
kidney sections from rats of different treatment groups. 
The control kidney showed normal structures of glome-
rulus and renal tubules (Figure 2A). Injection of a single 
dose of BAV (0.5 mg/kg) caused inter-tubular bleeding 
and inflammatory cell infiltration at 2 h post-dosing (Fi-
gure 2B), which gradually subsided at 24 h (Figure 2C) 
and almost normalized after 1 week (Figure 2D). 

There was a significant increase in IL-1β gene expres-

Fig. 1. Light microscopic observation of liver sections of control rat 
(A) and rats treated with BAV (0.5 mg/kg) and sacrificed after 2 h (B), 
6 h (C), 24 h (C) and 1 week (D) (Magnification 200×).

Treatment ALT (U/L) AST (U/L) SCr (µmol/L) BUN (mmol/L) 
Control 40.15 ± 3.30 78.44 ± 1.89 21.14 ± 0.85 8.28 ± 0.75
BAV, 2 h 42.45 ± 3.44 91.38 ± 3.52 19.42 ± 0.81 8.54 ± 0.34
BAV, 24 h 42.05 ± 4.86 96.44 ± 6.59* 19.85 ± 1.14 8.18 ± 0.69
BAV, 1 week 48.12 ± 3.56 95.18 ± 12.5 21.57 ± 1.04 7.18 ± 0.27

Values are Mean ± SEM. *P < 0.05 versus control group using Dunnett’s test.

Table 2. Effects of BAV on biomarkers of liver and renal function test in rats at different time  intervals. 

Fig. 2. Light microscopic observation of kidney sections of control rat 
(A) and rats treated with BAV (0.5mg/kg) and sacrificed after 2 h (B), 
6 h (C), 24 h (C) and 1 week (D) (Magnification 200×). 

Fig. 3. Effects of BAV on proinflammatory cytokines expression 
in livers of rats at different time intervals. *P<0.05, **P<0.01 and 
***P<0.001 versus control group using Dunnett’s multiple compa-
rison test. 

Fig. 4. Effects of BAV on proinflammatory cytokines expression in 
kidneys of rats at different time intervals. *P<0.05 versus control 
group using Dunnett’s multiple comparison test. 
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increased at 24 hours following BAV injection indicating 
a mild hepatotoxicity (Table 2). Liver histopathology also 
showed that exposure to BAV (0.5 mg/kg) caused mild 
focal inflammatory cell infiltration at 2 hours post-dosing 
which persisted at 24 hours (Figure 1). Although the infil-
tration of inflammatory cells was also evident in kidneys 
of rats treated with the sub-lethal dose of BAV (Figure 2), 
no functional impairment in kidneys was observed in these 
animals (Table 1). Franca et al [18] observed that exposure 
to Crotalus durissus terrificus snake venom (100 µg/kg) 
caused inflammatory cell infiltration, endothelial damage, 
and sinusoidal and portal congestion in rat liver. The hepa-
tic damage caused by inflammatory infiltrate was evident 
at 3 and 6 hours after venom injection whereas the appea-
rance of tissue returned to normal at 9 and 12 hours post-
venom [18]. The envenomation of Montivipera xanthina 
(2.85 mg/kg, intramuscular) in rats resulted in congestion 
and hepatocellular degeneration in liver sinusoidal cells 
[19]. Cerastes cerastes envenomation of rats caused focal 
mononuclear white blood cell inflammation, bleeding in 
sinusoids around the portal area and hepatocyte necrosis 
tissue in liver [20]. Ali et al [21] reported cell infiltration, 
inflammation, hepatocyte degeneration, fibrosis, and ne-
crosis in livers of rodents administered with Hydrophis 
cyanocintus venom. On the other hand, exposure to Bo-
throps alternatus snake venom did not show any hepato-
toxicity in rats [22].

Al Asmari et al [23] reported that a single IP injec-
tion of Echis pyramidum (EPV) venom (0.25-1.0 mg/kg) 
caused rapid impairment in the liver function within 3-6 
hours as indicated by significant increases in serum ALT, 
ALP and GGT activities as well as bilirubin levels. In the 
same study, the hepatic injury caused by Echis pyramidum 
venom was accompanied with significant and dose-de-
pendent reductions in the activities of antioxidant enzymes 
(catalase, superoxide dismutase) and glutathione (GSH) 
together with significant increase in lipid peroxidation in 
rat liver, suggesting the state of acute oxidative stress wit-
hin hours following Echis pyramidum envenomation [23]. 
Another study by the same investigators showed that liver 
and kidney lipid peroxidation in terms of thiobarbituric 
acid reactive substances (TBARS) and GSH levels were 
not affected by the low (0.25 mg/kg) and medium (0.50 
mg/kg) doses of EPV, whereas the high dose (1.0 mg/kg) 
significantly increased TBARS and decreased GSH at 6 
hours post-dosing [24]. In mice, the onset of lipid peroxi-
dation was as early as 1 hour and persisted for several 
hours after intraperitoneal (IP) injection of 2.0 mg/kg dose 
of EPV [25]. Organ tissue injury due to lipid peroxidation 
caused by snake venom has been reported both invitro [26] 
and invivo [25, 27]. 

The results of real-time PCR showed significant in-
crease in proinflammatory cytokines in liver (Figure 3) and 
kidneys (Figure 4) of rats injected with BAV. Involvement 
of the inflammatory cascade and release of proinflamma-
tory cytokines play a crucial role in the pathogenesis of va-
rious envenoming syndromes [12]. Macrophage-derived 
inflammatory cytokines and other cytotoxic mediators are 
important inducers in pathogenic process [28]. An array 
of key factors including cytokines, chemokines, interfe-
rons, nuclear factor kappa-B (NF-kB), prostaglandins, 
and oxygen-derived free radicals (ODFR) are responsible 
for the initiation and propagation of inflammation [29]. 

A large number of genes, mostly involved in inflamma-
tion, apoptosis, ion transport, and energy metabolism have 
been found to be overexpressed in various organs of mice 
treated with snake venom; in heart alone, 50% of these 
genes were differentially expressed [30]. Direct exposure 
of viper venom to human blood for 2 h showed signifi-
cant increases in cytoplasmic, lysosomal and extracellular 
matrix-degrading enzymes as well as pro-inflammatory 
mediators, indicating a state of acute oxidative stress and 
inflammation caused by the exposure of viper venom [31]. 
Yacoub et al [32] reported the production of various proin-
flammatory cytokines including IL-1β and TNF-α at 6 
and 24 hours after exposure of Montivipera bornmuelleri 
(Lebanon viper) venom using peritonitis mice model. Bo-
throps atrox snake venom caused local acute inflammatory 
reactions, releasing the proinflammatory cytokines TNF-α 
and IL-6 in mice [33]. Injection of Bothrops asper venom 
in mice showed inflammatory cells in necrotic muscle 
cells however this pathology was normalized one-week 
post-envenomation [34].

Inflammatory process is a natural defense mechanism 
and helps in tissue repair and wound healing. However, 
uncontrolled inflammation can trigger other pathways of 
oxidative stress resulting in more tissue damage and loss 
of function in the inflamed area [35]. It is important to 
note that intravenous infusion of anti-venoms neutralizes 
free as well as target-bound toxins but fail to counteract 
venom-induced inflammation and oxidative stress because 
the antigen-antibody complex itself acts as pro-inflamma-
tory [31]. However, viper venom-induced cellular damage 
can be attenuated by antioxidant treatment that inhibits 
the potentially damaging oxidative cascade and improves 
membrane stabilization [36-38]. Therefore, a supplemen-
tary or adjuvant therapy is important to administer for 
treating secondary and often overlooked complications of 
envenomation such as inflammation and oxidative stress. 
Such kind of adjuvant therapy must be provided at an early 
stage for more effective protection against acute injury to 
the organs caused by reactive oxygen species and pro-in-
flammatory cascade [39].

5. Conclusion
The findings of this study showed that the sub-lethal 

dose of BAV used in this study did not cause any signi-
ficant change in liver function except mild increase of 
serum AST at 24 hours after BAV injection which was 
also supported by transient structural changes in liver. The 
biomarkers of renal function including BUN and SCr were 
not significantly affected by a single dose of BAV (0.5 mg/
kg). The histopathology of kidney supported the func-
tional status of kidneys. There were transient increases 
in proinflammatory cytokines in liver and kidney which 
tend to reduce with time. These findings suggest the role 
of inflammation in BAV-induced toxic effects. It is antici-
pated that higher doses of BAV could result in persistent 
inflammation which is known to trigger potentially toxic 
reactive oxygen species that cause cellular damage and 
organ toxicity.

 
Acknowledgments
This study was supported by Researchers Supporting Pro-
ject Number (RSPD-2024-R770), King Saud University, 
Riyadh, Saudi Arabia. 



35

Inflammatory cytokines expression by snake venom.            Cell. Mol. Biol. 2024, 70(9): 31-36

Conflict of Interests
The authors have no conflicts with any step of the article 
preparation. 

Consent for publications
The authors read and approved the final manuscript for 
publication.

Ethics approval and consent to participate
The protocol of animal experiments was approved by 
the Institutional Review Board (Approval No. KSU-
SE-21-76). No humans were used in this research.

Informed Consent
The authors declare that no patients were used in this study.

Availability of data and material 
The data that support the findings of this study are available 
from the corresponding author upon reasonable request.

Authors' contributions
Haseeb A. Khan: Research design, supervision, manus-
cript writing; Anwar J. Abdulnasir: Literature survey, ani-
mal treatment, biochemical analysis; Salman Alamery: 
Co-supervisoin, laboratory procedures; Nojood A. Altwai-
jry: Gene expression analysis; Khalid E. Ibrahim: Histopa-
thological analysis. 

Funding
Researchers Supporting Project Number (RSPD-
2024-R770), King Saud University, Riyadh, Saudi Arabia.

References 

1. Warrell DA (1993) Venomous bites and stings in Saudi Arabia. 
Saudi Med J 14: 196–202.

2. Al Asmari A, Khan HA, Manthiri RA (2014) Chemical fingerprin-
ting of Saudi Arabian snake venoms using gel filtration chromato-
graphy. Biomed Res 25: 138-140. 

3. Mallow D, Ludwig D, Nilson G (2003) editors. True Vipers: Na-
tural history and toxinology of old world vipers. Kreiger Publica-
tion Company; Malabar, FL, USA.

4. Megale AAA, Portaro FC, Da Silva WD (2020) Bitis arietans 
snake venom induces an inflammatory response which is partial-
ly dependent on lipid mediators. Toxins 12: 594. doi: 10.3390/
toxins12090594.

5. Clauss B, Clauss R (2002) Common amphibians and reptiles of 
Botswana: More than Just creepy-crawlies. Gamsberg Macmillan. 

6. Miller AK, Maritz B, McKay S, Glaudas X, Alexander GJ (2015) 
An ambusher’s arsenal: chemical crypsis in the puff adder (Bi-
tis arietans). Proc Royal Soc B: Biol Sci 282: 20152182. doi: 
10.1098/rspb.2015.2182.

7. Warrell DA, Ormerod LD, Davidson NM (1975) Bites by puff-
adder (Bitis arietans) in Nigeria, and value of antivenom. Br Med 
J 4: 697–700. doi: 10.1136/bmj.4.5998.697.

8. Lavonas EJ, Tomaszewski CA, Ford MD, Rouse AM, KernsWP 
(2002) Severe pu adder (Bitis arietans) envenomation with coa-
gulopathy. J Toxicol Clin Toxicol 40: 911–918. doi: 10.1081/clt-
120016963.

9. Matsui T, Hamako J, Matsushita T, Nakayama T, Fujimura Y, 
Titani K (2002) Binding site on human von Willebrand factor of 
bitiscetin, a snake venom-derived platelet aggregation inducer. 
Biochemistry 41: 7939–7946. doi: 10.1021/bi020004b.

10. Vulfius CA, Gorbacheva EV, Starkov VG, Osipov AV, Kasheverov 

IE, Andreeva TV, Astashev ME, Tsetlin VI, Utkin YN (2011) An 
unusual phospholipase A(2) from puff adder Bitis arietans venom-
A novel blocker of nicotinic acetylcholine receptors. Toxicon 57: 
787–793. doi: 10.1016/j.toxicon.2011.02.013.

11. Currier R (2012) Investigating venom synthesis: Exploring the 
composition, variation, and gene expression dynamics of Bitis 
arietans venom. Doctoral dissertation, University of Liverpool.

12. Voronov E, Apte R, Sofer S (1999) The systemic inflammatory 
response syndrome related to the release of cytokines following 
severe envenomation. J Venom Anim Toxins 5: 5–33. doi:10.1590/
S0104-79301999000100002.

13. Costa E, Clissa P, Teixeira C, Moura-da-Silva A (2002) Impor-
tance of metalloproteinases and macrophages in viper snake enve-
nomation–induced local inflammation. Inflammation 26: 13–17. 
doi: 10.1023/a:1014465611487.

14. Szold O, Ben-Abraham R, Frolkis I, Sorkine M, Sorkine P (2003) 
Tumor necrosis factor as a mediator of cardiac toxicity fol-
lowing snake envenomation. Crit Care Med 31: 1449–1453. doi: 
10.1097/01.CCM.0000050440.87890.92.

15. Alwelaie MA, Al Mutary MG, Siddiqi NJ, Arafah MM, Alhomida 
AS, Khan HA (2019) Time-course evaluation of iminodipropio-
nitrile-induced liver and kidney toxicities in rats: A biochemi-
cal, molecular and histopathological study. Dose Response 17: 
1559325819852233. doi: 10.1177/1559325819852233.

16. Ibrahim KE, Al Mutary MG, Bakhiet AO, Khan HA (2018) His-
topathology of the liver, kidney, and spleen of mice exposed to 
gold nanoparticles. Molecules 23: 1848. doi: 10.3390/mole-
cules23081848.

17. Al-Harbi NS, Alrashood ST, Siddiqi NJ, Arafah MM, Ekhzaimy 
A, Khan HA (2020) Effect of naked and PEG-coated gold nano-
particles on histopathology and cytokines expression in rat liver 
and kidneys. Nanomedicine (Lond) 15: 289-302. doi: 10.2217/
nnm-2019-0220.

18. Franca RF, Vieira RP, Ferrari EF, Souza RA, Prianti-Jr ACG, Hys-
lop S, Zamuner SR, Cogo JC, Ribeiro W (2009) Acute hepatotoxi-
city of Crotalus durissus terrificus (South American rattlesnake) 
venom in rats. J Venom Anim Toxin Inc Trop Dis 5: 61-78. doi: 
10.1590/S1678-91992009000100007.

19. Topyildiz H, Hayretdag S (2012) Histopathological effects of 
Montivipera xanthina venom on rats. Turk J Zool 36: 517-525. 
doi: 10.3906/zoo-1007-23.

20. Hanafy MS, Rahmy NA, Abd El-Khalek MM (1999) The die-
lectric properties of neutron irradiated snake venom and its pa-
thological impact. Phy Med Biol 44: 2343. doi: 10.1088/0031-
9155/44/9/318.

21. Ali SA, Alam JM, Abbasi A, Zaidi ZH, Stoeva S, Voelter, W 
(2000) Sea snake Hydrophis cyanocinctus venom. II. Histopatho-
logical changes, induced by a myotoxic phospholipase A2 (PLA2-
H1). Toxicon 38: 687-705. doi: 10.1016/s0041-0101(99)00184-1.

22. Teibler P, Acosta de Perez O, Marunak S, Ruiz R, Koscinczuk P, 
Sanchez Negrete M, Mussart de Coppo N (1999) Lesines locales 
y sistemicas inducidas por veneno de Bothrops alternatus (vibora 
de la cruz) de Argentina. Acta toxicol Argent 7: 7-10.

23. Al Asmari A, Khan HA, Banah FA, Al Buraidi AA, Manthiri RA 
(2015) Serum biomarkers for acute hepatotoxicity of Echis pyra-
midum snake venom in rats. Int J Clin Exp Med 8: 1376-1380. 
PMID: 25785140.

24. Al Asmari A, Khan HA, Manthiri RA, Al Yahya KM, Al Otaibi 
KE (2014) Effects of Echis Pyramidum snake venom on hepatic 
and renal antioxidant enzymes and lipid peroxidation in rats. J 
Biochem Mol Toxicol 28: 407-412. doi: 10.1002/jbt.21578.

25. Al Asmari A, Al Moutaery K, Manthari RA, Khan HA (2006) 
Time-course of lipid peroxidation in different organs of mice trea-
ted with Echis pyramidum snake venom. J Biochem Mol Toxicol 



36

Inflammatory cytokines expression by snake venom.            Cell. Mol. Biol. 2024, 70(9): 31-36

20: 93-95. doi: 10.1002/jbt.20121.
26. de Castro I, Burdmann EA, Seguro AC, Yu L (2004) Bothrops 

venom induces direct renal tubular injury: role for lipid peroxi-
dation an prevention by antivenom. Toxicon 43: 833–839. doi: 
10.1016/j.toxicon.2004.03.015.

27. Ali SF, Tariq M, Hasan M, Haider SS (1981) Effect of Russell’s 
venom on lipid peroxidation in organs of the mouse. Toxicon 19: 
903–905. doi: 10.1016/0041-0101(81)90089-1.

28. Laskin DL, Heck DE, Laskin JD (1998) Role of inflammatory 
cytokines and nitric oxide in hepatic and pulmonary toxicity. 
Toxicol lett 102: 289-293. doi: 10.1016/s0378-4274(98)00316-6.

29. Singh P, Kaur S, Sharma A, Kaur G, Bhatti R (2017) TNF-α and 
IL-6 inhibitors: Conjugates of N-substituted indole and ami-
nophenylmorpholin-3-one as anti-inflammatory agents. Eur J 
Med Chem 140: 92-103. doi: 10.1016/j.ejmech.2017.09.003.

30. Cher CD, Armugam A, Zhu YZ, Jeyaseelan K (2005) Molecular 
basis of cardiotoxicity upon cobra envenomation. Cell Mol Life 
Sci 62: 105–118. doi: 10.1007/s00018-004-4352-0.

31. Santhosh MS, Sundaram MS, Sunitha K, Kemparaju K, Girish 
KS (2013) Viper venom-induced oxidative stress and activation 
of inflammatory cytokines: a therapeutic approach for overlooked 
issues of snakebite management. Inflamm Res 62: 721–731. doi: 
10.1007/s00011-013-0627-y.

32. Yacoub T, Rima M, Sadek R, Hleihel W, Fajloun Z, Karam M 
(2018) Montivipera bornmuelleri venom has immunomodula-
tory effects mainly up-regulating pro-inflammatory cytokines 
in the spleens of mice. Toxicol Rep 5: 318-323. doi: 10.1016/j.
toxrep.2018.02.011.

33. Moreira V, Dos-Santos MC, Nascimento NG, da Silva HB, Fer-
nandes CM, Lima MRDI, Teixeira C (2012) Local inflammatory 
events induced by Bothrops atrox snake venom and the release 
of distinct classes of inflammatory mediators. Toxicon 60: 12-20. 
doi: 10.1016/j.toxicon.2012.03.004.

34. Gutierrez JM, Chaves F, Cerdas L (1986) Inflammatory infiltrate 
in skeletal muscle injected with Bothrops asper venom. Rev Biol 
Trop 34: 209-214. PMID: 3423335.

35. Medzhitov R (2008) Origin and physiological roles of inflamma-
tion. Nature 454: 428-435.

36. Mukherjee AK, Maity CR (1998) Effect of dietary supplemen-
tation of vitamin E in partial inhibition of Russell’s viper venom 
phospholipase A2 induced hepatocellular and microsomal mem-
brane damage in rats. Acta Physiol Hung 85: 367–374. PMID: 
10431608.

37. Alam MI, Gomes A (1998) Viper venom-induced inflamma-
tion and inhibition of free radical formation by pure compound 
(2-hydroxy-4-methoxy benzoic acid) isolated and purified from 
anantimul (Hemidesmus indicus R. BR) root extract. Toxicon 36: 
207–215. doi: 10.1016/s0041-0101(97)00070-6.

38. Al Asmari AK, Khan HA, Manthiri RA, Al-Khlaiwi AA, Al-
Asmari BA, Ibrahim KE (2018) Protective effect of the natural 
herbal compound quercetin against snake venom-induced hepatic 
and renal toxicities in rats. Food Chem Toxicol 118: 105-110. doi: 
10.1016/j.fct.2018.05.016.

39. Gannon DE, He XM, Ward PA, Varani J, Johnson KJ (1990) 
Time-dependent inhibition of oxygen radical induced lung injury. 
Inflammation 14: 509–522. doi: 10.1007/BF00914272.


