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Abstract
Either bites or stings of venomous animals comprise relevant public health problems 
in tropical countries. Acute kidney injury (AKI) induced by animal toxins is related to 
worse prognostic and outcomes. Being one the most important pathways to induce AKI 
following envenoming due to animal toxins, inflammation is an essential biological 
response that eliminates pathogenic bacteria and repairs tissue after injury. However, 
direct nephrotoxicity (i.e. apoptotic and necrotic mechanisms of toxins), pigmenturia 
(i.e. rhabdomyolysis and hemolysis), anaphylactic reactions, and coagulopathies 
could contribute to the renal injury. All these mechanisms are closely integrated, but 
inflammation is a distinct process. Hence, it is important to improve our understanding 
on inflammation mechanisms of these syndromes to provide a promising outlook to 
reduce morbidity and mortality. This literature review highlights the main scientific 
evidence of acute kidney injury induced by bites or stings from venomous animals 
and their inflammatory mechanisms. It included observational, cross-sectional, case-
control and cohort human studies available up to December 2019. Descriptors were 
used according to Medical Subject Headings (MeSH), namely: “Acute kidney injury” 
or “Venom” and “Inflammation” on Medline/Pubmed and Google Scholar; “Kidney 
disease” or “Acute kidney injury” on Lilacs and SciELO. The present review evidenced 
that, among the described forms of renal inflammation, it can occur either directly or 
indirectly on renal cells by means of intravascular, systemic and endothelial hemolysis, 
activation of inflammatory pathway, as well as direct action of venom cytotoxic 
components on kidney structures.
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Background
Either bites or stings of venomous animals are considered a 
public health problem in tropical countries. Acute kidney injury 
(AKI) is the main complication resulting from accidents caused 
by animal toxins and it is related to higher mortality rates [1, 2]. 
In the Brazilian Amazon, mortality rate from snakebites has been 
estimated at 0.51%, which is 10 times higher than the estimated 
global average [2]. Bothrops, Crotalus, Lachesis and Micrurus are 
the most important genus of snakes from the medical point of 
view in Brazil, with genus Bothrops (pit vipers) being responsible 
for most of the bites (90%) and deaths related to snakes (0.3%) 
in the Brazilian Amazon [2]. AKI incidence can reach up to 50% 
in victims of bites or stings of venomous animals [1, 2].

According to the organization Kidney Disease: Improving 
Global Outcomes (KDIGO), AKI is defined by serum creatinine 
increase ≥ 0.3 mg/dL (26.5 µmol/L) within 48 hours or increase 
≥ 1.5 times baseline or urine volume < 0.5 mL/kg/h for 6 hours 
[3]. The early identification of this syndrome using KDIGO 
tool contributes to rapid intervention with the aim at reducing 
morbidity and mortality.

Bee melittin, larvae and scorpion venoms are main animal 
toxins involved in AKI induced by stings whereas snake venoms 
are main toxins inoculated by bites [4]. It is also necessary to 
differentiate between inflammation and other pathways of  
AKI mechanisms due to venomous toxins. Inflammation is 
one the most important mechanism that affects hemodynamic 
kidney changes.

Hemolysis and rhabdomyolysis have been described as 
precursors of this AKI pathophysiology. Upon contact with the 
bloodstream, the toxin activates immune and inflammatory 
mechanisms that exacerbate the expression of cytokines and 
stimulate coagulation factors resulting in hemoglobin degradation 
and pigmenturia formation [5]. These compounds come into 
contact with renal parenchyma and cause intratubular obstruction 
and direct toxicity, corroborating the decrease in glomerular 
filtration rate and renal failure [6].

Therefore, this review aims at highlighting the main 
evidence on inflammatory and oxidative pathophysiological 
mechanisms of AKI induced by venomous animal bites or 
stings while contributing to the early identification of AKI by 
the multidisciplinary health team.

Methods
This work carried out an integrative literature review from 
December 2019 to September 2020, comprising the following 
stages: (i) elaboration of theme and guiding question, (ii) data 
selection for inclusion-exclusion criteria analysis, (iii) search in 
databases, and (iv) critical analysis of material to be used in study 
construction and results interpretation. As means to guide the 
search for scientific studies while aiming at best scientific evidence 
for integrative review, PICO (patient/problem, intervention, 
comparison/control, and outcomes) strategy was used [7].

The search was made into four steps: (i) problem identification; 
(ii) formulation of relevant and specific issue; (iii) search for 
scientific evidence; and (iv) evaluation of available evidence. 
For this study, PICO structure to define the guiding question 
was: P = venom from venomous animals; I = injury to renal 
parenchyma; C = inflammatory mechanisms; O = acute kidney 
injury. Based on this tool, the research question was: ‘what is 
the impact of either bites or stings from venomous animals on 
renal parenchyma and their relationship with inflammatory 
mechanisms in acute kidney injury?’

Following this question, publications were searched and 
selected in line with recommendations from Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) 
[8]. Limited to English and Portuguese while including articles 
published until September 2020, the search considered the 
following databases: Medline/Pubmed, SciELO and Lilacs.

The following descriptors were used according to Medical 
Subject Headings (MeSH): “Acute kidney injury” or “Venom” 
and “Inflammation” on both Medline/Pubmed and Google 
Scholar, “Kidney disease” or “Acute kidney injury” on both Lilacs 
and SciELO. Searched in associated way, those descriptors were 
united via Boolean operator ‘AND’ consistent with the following 
equation: {(acute kidney injury) [mesh] AND (venom) [mesh]} 
AND (inflammation).

Inclusion criteria comprised: free online full-text articles 
with original experiments, pre-clinical studies published from 
2010 to 2020, studies of all characters significantly approaching 
the investigated subject in terms of acute kidney injury (AKI) 
in incidents with venomous animals. Exclusion criteria were: 
deficient information articles, integrative review articles 
addressing different health areas about venomous animals, 
and correlation with AKI following the research criteria as 
sketched in Figure 1.

Articles found were classified according to research type and 
evidence level, namely:

Level 1: evidence from systematic review or meta-analysis;
Level 2: evidence from at least one well-designed randomized 

controlled clinical trial;
Level 3: evidence from well-designed clinical trials without 

randomization;
Level 4: evidence from well-designed cohort and case control 

studies;
Level 5: evidence from systematic review of descriptive and 

qualitative studies;
Level 6: evidence from a single descriptive or qualitative study;
Level 7: evidence from authorities’ opinion and/or expert 

committees’ report.
Initially selected by three reviewers, articles were subsequently 

verified by a fourth reviewer in order to guarantee process 
specificity and quality. All searched studies were compiled in 
Rayyan systematic review processing software (www.rayyan.
qcri.org) [9] for better efficiency and impartiality during the 
selection process when reading them in full.
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Through inclusion criteria filtering and careful analysis, 33 
articles were found. After applying inclusion/exclusion and 
duplication criteria, 19 articles were excluded and the 14 articles 
left were read in full. After this reading, eight articles not meeting 
eligibility criteria were excluded thus remaining six articles to 
comprise the final sample.

For data presentation and analysis, the following aspects 
were taken into account: ‘authorship’, ‘year’, ‘title’, ‘periodic’ 
and ‘focus’. Variables presentation was organized and simplified 
according to the flowchart in Figure 1.

In searched databases 33 articles were found, which were 
selected and whose abstracts were read in full. Accordingly, 14  
articles were selected as their content included the research 
aim. From reading their abstracts, eight articles were excluded 
because: (i) the article did not address any aspect about venom 
from bees, scorpions, Lonomia or snakes (n = 1), (ii) the article 
was a case report on an accident with venom without definite 

specification about the venom (n = 1), (iii) the articles were reviews 
about accident reports with bee stings in children (n = 2), and 
(iv) the articles dealt with positive results in using bee venom 
as medication (n = 4). After analytically reading articles in full 
followed by exclusions, the sample consisted of six articles meeting 
all inclusion criteria as listed in Table 1 and detailed in Table 2.

Lonomia

Caterpillars from Lonomia genus have their bodies covered 
with bristles that inject venom when touched by victims [10, 
11]. As their natural habitat is deep forest trees, deforestation 
has forced these animals to migrate closer to human dwellings, 
thus increasing the number of accidents [11–14].

Clinical manifestations of Lonomia obliqua envenoming 
include hemorrhage and acute kidney injury (AKI) whereas 
clinical conditions from those accidents are characterized by 
contact site burning, headache, fever, vomiting, and hemorrhagic 

Figure 1. Description of selected studies (São Paulo, Brazil, 2021).
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Table 1. Article distribution according to title, authors, country, year and journal (São Paulo, Brazil, 2020).

(N) Title Authors Year Country Journal

(1) Myotoxicity and nephrotoxicity by Micrurus venoms in 
experimental envenomation [33]

Adolfo Rafael de Roodt,  
Néstor Rubén Lago,  
Roberto Pablo Stock

2011 USA Toxicon

(2) Hematological alterations and splenic T lymphocyte 
polarization at the crest of snake venom induced acute 
kidney injury in adult male mice [35]

Farhat Nasim,  
Sreyasi Das,  
Roshnara Mishra,  
Raghwendra Mishra

2017 USA Toxicon

(3) Determination of the sub-lethal nephrotoxic dose of 
Russell’s viper (Daboia russelii) venom in Wistar rats [47]

Eranga S. Wijewickramaa,  
Ishani Kurukulasooriya,  
Mangala Gunatilake,  
Amarathunga AH. Priyanic,  
Ariaranee Gnanathasana,  
Indika Gawarammanad,  
Geoffrey K. Isbistere

2018 USA Toxicon

(4) Induction of two independent immunological cell death 
signaling following hemoglobinuria-induced acute kidney 
injury: in vivo study [14]

Rana Dizajia,  
Ali Sharafib,  
Jalal Pourahmada,  
Mohammad-Amin Abdollahifard,  
Hossein Vatanpoura,  
Mir-Jamal Hosseinib

2019 USA Toxicon

(5) Acute Lonomia obliqua caterpillar envenomation-induced 
physiopathological alterations in rats: evidence of new 
toxic venom activities and the efficacy of serum therapy to 
counteract systemic tissue damage [15]

Markus Berger,  
Walter Orlando Beys-da-Silva,  
Lucélia Santi,  
Iuri Marques de Oliveira,  
Patrícia Mendes Jorge,  
João Antônio Pêgas Henriques,  
David Driemeier,  
Maria Aparecida Ribeiro Vieira, 
Jorge Almeida Guimarães

2013 USA Toxicon

(6) Mechanisms of acute kidney injury induced by experimental 
Lonomia obliqua envenomation [16]

Markus Berger,  
Lucélia Santi,  
Walter O. Beys‐da‐Silva,  
Fabrício Marcus Silva Oliveira,  
Marcelo Vidigal Caliari,  
John R. Yates III,  
Maria Aparecida Ribeiro Vieira, 
Jorge Almeida Guimarães

2014 USA Arch 
Toxicol

diathesis, which can be fatal [10–12]. In cases of envenoming from 
Lonomia obliqua, victims may also present systemic hemorrhage 
secondary to disseminated intravascular coagulation [15–17].

AKI associated with Lonomia venom has been mainly reported 
in Brazil [13, 18, 19]. Early administration of antivenom in rats 
prevented hemorrhagic manifestations induced by Lonomia 
venom, which causes serum creatinine increase [13, 20].

AKI mechanisms due to Lonomia obliqua venom are direct  
nephrotoxicity, intravascular, systemic and endothelial hemolysis, 
activation of inflammatory pathway, hypotension, increased 
expression in renal tissue of proteins involved in cellular stress, 
inflammation, heme-induced oxidative stress, coagulation 

and activation of complement system [15–17]. Renal histology 
showed glomerular fibrin deposition as well as ischemia and 
tubular atrophy [15].

Studies observed in this review showed that animals receiving 
Lonomia obliqua venom produce dark brown urine, indicating 
hematuria and/or hemoglobinuria occurrence. Presence of 
erythrocytes, epithelial cells and leukocytes was also observed 
in urine sediment and studies also showed uremia and 
hyperuricemia, thus suggesting renal failure [15–17].

In AKI, venom can induce a sudden loss of basic renal functions 
such as filtering and excreting abilities, urinary concentration and 
changes in body fluid homeostasis. Main cytotoxic effects from 
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Table 2. Details of selected articles for integrative review: research outline, objective, main results and conclusion (São Paulo, Brazil, 2020).

Research outline Objective Main results Conclusions

(1) Experiments were performed 
in laboratory animals with 
Wistar rats (250 g) and CF-1 
mice that received venoms 
from Micrurus fulvius and M. 
nigrocinctus. Parameters evaluated: 
lethality, coagulation changes, 
hemorrhagic process assessment, 
phospholipase activity, hemolysis, 
uremia, inflammation and edema, 
as well as histopathological 
analysis.

To evaluate in vivo skeletal muscle 
changes and their association 
with renal lesions in rats 
intramuscularly injected with 
venom from different species of 
Micrurus from South, Central and 
North America.

Kidneys of rats injected with 
either M. fulvius or M. nigrocinctus 
venoms exhibited nuclear 
fragmentation, edge destruction, 
basement membrane rupture 
and epithelial exfoliation of 
tubular cells, presence of granular 
changes and tubules thickening. 
Presence of abundant protein 
material and granular cylinders 
was evidenced in tubules of 
different nephron sections. 
Both glomerular congestion and 
intracapillary thrombi presence 
were observed in glomeruli of 
mice injected with these two 
venoms.

Although renal lesions have not 
been described in clinical cases 
of Micrurus envenoming, the 
potential for nephrotoxicity 
of these venoms should be 
considered since the kidneys of 
animals exposed to M. fulvius or 
M. nigrocinctus venoms presented 
lesions consistent with extensive 
tubular necrosis, brush border 
destruction, basement membrane 
rupture and epithelial exfoliation 
of tubular cells, granular plaster 
and tubules thickening.

(2) In this study, Swiss mice 
were the experimental model. 
Hematological changes, 
polarization of associated splenic 
T cells were analyzed in order to 
investigate the immune response 
to Russell viper venom (RVV) 
using acute kidney injury (AKI) 
induction model.

To investigate the immune 
response to Russell viper venom 
in acute kidney injury induction 
model in a murine experimental 
model.

In the group with acute kidney 
injury caused by snake venom, 
findings such as oliguria, urinary 
microprotein with significant 
elevation, decreased urinary 
creatinine and creatinine 
clearance were confirmed in 
comparison with the control 
group. Hematological analyzes 
revealed significant neutrophilic 
leukocytosis, favoring a state of 
acute inflammation in the group 
of acute kidney injury induced 
by snake venom (SAKI). The 
splenocyte immunophenotyping 
study showed a significant 
decrease in CD4 + / CD8 + 
ratio with a significant increase 
in the regulatory helper (CD25 
+ FoxP3 +) and cytotoxic subset 
of T cells. In addition, regulatory 
T cells in CD25-FoxP3 + 
reservoir were also found to be 
significantly elevated in the SAKI 
group compared to the control.

Results from the present study 
clearly indicated a state of acute 
inflammation and polarization 
of splenic T cells towards 
the regulatory subset at the 
crest of SAKI. The findings 
of this research also support 
the concept of circulatory 
involvement and splenic 
inflammatory and immunological 
mediators in pathogenesis and/
or repair phase of acute kidney 
injury induced by snake venom, 
which was otherwise attributed 
to the direct toxic effect of the 
venom.

(3) In this study, Wistar rats 
received increasing doses of 
intraperitoneal Russell viper 
venom to investigate acute 
kidney injury (AKI) by measuring 
creatinine and examining renal 
histology.

To investigate acute kidney injury 
(AKI) by measuring creatinine 
(1.5-fold increase in serum 
creatinine above baseline) and 
examining renal histology after 
administration of increasing 
doses of Russell viper venom.

Increase in serum creatinine 
occurred only with 0.4 mg/
kg venom dose; acute tubular 
necrosis, glomerular necrosis, 
cortical necrosis and interstitial 
inflammation were observed with 
venom doses ≥ 0.25 mg/kg.

Despite widely used as standard 
biomarker for AKI diagnosis, 
serum creatinine is considered 
a delay and relatively sensitive 
biomarker for detecting kidney 
injury. The study confirmed an 
increase in serum creatinine 
significant enough to diagnose 
AKI that showed histological 
evidence of nephrotoxicity. In 
contrast, 5 out of 7 rats that 
demonstrated a significant 
increase in serum creatinine 
showed histological evidence of 
nephrotoxicity.
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Research outline Objective Main results Conclusions

(4) In vivo study used male Balb/c 
mice subcutaneously inoculated 
with H. lepturus venom. After 1 
and 7 days, urinalysis, stereological 
evaluations and gene expression 
of Ngal, Tnf-α, Tlr-4, Ripk3, Mlkl 
and Acsl4 were performed. 
Analyzes were performed 
through real-time PCR.

To evaluate the potential role of 
necroptosis and ferroptosis in 
AKI induced by H. lepturus.

The study pointed that 
overloading in Ngal renal 
expression (nephrotoxicity 
biomarker) refers to 
overexpression of Tnf-α, Tlr-4, 
Ripk3 and Mlkl genes in kidneys 
treated with venom; it was also 
observed that malondialdehyde 
(MDA) level was increased 
in a dose-dependent manner 
similar to Acsl4 gene expression, 
thus suggesting a major role of 
ferroptosis in hemoglobinuria-
mediated ARI after envenoming 
while increased transcription 
of Tlr-4 and Tnf-α receptor 
may cause phosphorylation of 
Ripk3-Mlkl complex, collapse 
of membrane potential and 
DAMPs release that intensified 
inflammation cytokines in the 
kidney.

The study assumes that 
coexistence of two separate 
pathways of regulated necrosis 
and inflammatory environment 
provide a promising perspective 
in the prevention and treatment 
of hemoglobinuria-induced ARI 
after envenoming. Findings of 
this research revealed that AKI 
induced by hemoglobinuria is 
associated with the expression 
of inflammatory cytokines, renal 
cell death and overexpression of 
Ngal gene. This study emphasizes 
the role of immunogenic cell 
death attributable to regulated 
necrosis during venom-induced 
ARI. In this regard, prevention 
of regulated necrosis and 
inflammation seem beneficial for 
AKI treatment.

(5) Wistar rats received L. obliqua 
venom; after the experiment, 
acute effects were observed 
after the administration of 
injected subcutaneous venom; 
biochemical, hematological, 
histopathological, myotoxic 
and genotoxic alterations were 
described.

To understand systemic 
pathophysiological mechanisms 
of L. obliqua envenoming.

Hematological findings were 
consistent with hemolytic 
anemia and neutrophilic 
leukocytosis. Histopathological 
changes were mainly related to 
hemorrhage and inflammation 
in subcutaneous tissue, lung, 
heart and kidneys. Myoglobin 
cylinders were also detected in 
renal tubules. Increased levels 
of creatine kinase and creatine 
kinase-MB were correlated 
with myocardial necrosis as 
observed in vivo and confirmed 
myotoxicity detected in vitro in 
isolated long extensor muscles of 
fingers. Significant DNA damage 
was observed in kidneys, heart, 
lung, liver and lymphocytes.

Data reveal important 
biochemical, hematological 
and histopathological changes, 
suggesting damage occurrence 
to multiple organs, hemorrhagic 
disorders, AKI. The study 
demonstrated myotoxic, 
cardiotoxic and genotoxic 
activities.

(6) In this study, L. obliqua venom 
was subcutaneously injected 
into Wistar rats and renal 
function was examined, besides 
morphological and biochemical 
parameters.

To evaluate possible mechanisms 
involved in renal dysfunction 
pathogenesis due to L. obliqua 
envenoming.

L. obliqua envenoming causes 
acute tubular necrosis, which 
is associated with renal 
inflammation; formation of 
hematic molds, resulting from 
intravascular hemolysis; increased 
vascular permeability and fibrosis. 
Envenomed kidneys increase the 
expression of proteins involved 
in cell stress, inflammation, tissue 
damage, heme-induced oxidative 
stress, coagulation and activation 
of the complement system.

Mechanisms of L. obliqua-induced 
AKI are complex and involve 
mainly glomerular and tubular 
functional impairment and 
vascular changes.

Table 2. Cont.
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venom toxins cause renal hypoperfusion which is, therefore, an 
important underlying mechanism as it shows glomerular fibrin 
deposition and hemodynamic instability (systemic hypotension 
and increased renal vascular permeability) due to kallikrein-kinin 
system activation during envenoming [15, 17].

Entailing proteolytic enzymes and their respective substrates, 
the kallikrein-quinine system can generate potent vasoactive 
and pro-inflammatory molecules that are involved in controlling 
blood pressure, vascular permeability, contraction or relaxation 
of vascular smooth muscle cells and pain. Both tissue and plasma 
kallikreins are essential elements in this system as they generate 
kinins through proteolytic cleavage of kininogens [15, 17].

At the same time, kallikrein can also directly convert FXII 
into its active form FXIIa, leading to kinin system self-activation 
and thrombi formation by intrinsic route [21–25]. Once released, 
quinines exert most of their biological effects by activating two 
types of quinine receptors, namely: bradykinin B1 receptor (B1R) 
and bradykinin B2 receptor (B2R). Constitutively expressed 
in majority of tissues, B2R has greater affinity with peptides 
bradykinin (BK) and Lys-BK [17, 25]. In contrast, B1R exhibits 
high affinities for quinine metabolites des-Arg9-BK and Lys-
des-Arg9-BK. B1R is not expressed under normal conditions, 
being induced after inflammatory, infectious or traumatic 
stimuli [17, 25].

Considerably, kallikrein and kinin receptors (B1R and B2R) 
are involved in several processes relating inflammation such 
as atherosclerosis, airway inflammation, diabetic neuropathy, 
inflammatory bowel disease, neuropathic pain, and cerebral 
infarction (stroke) [26, 27]. In vivo studies showed that blockade 
of distinct members of kallikrein-quinine system reduced 
vascular leakage, inflammation and thrombus formation in 
different experimental models [28].

Glomerular filtration rate and electrolyte imbalance are 
reduced as observed in Lonomia envenoming. Berger et al. [17] 
demonstrated that L. obliqua venom has high quininogenase 
activity, able to release low molecular weight kininogen 
bradykinin, leading to significant decrease in blood pressure in 
vivo. They showed the venom can directly activate pre-kallikrein 
plasma, acting as a probable kallikrein builder, thus initiating 
kallikrein-kinin system formation. Bradykinins (especially 
B1R) release is then activated, initiating inflammatory cascade 
induced by vasorelaxant effect through B2R receptor, which is 
converted into renal vasoconstrictor response by bradykinin 
metabolite des-Arg9-BK by B1R receptor.

These authors [17] also showed that L. obliqua envenoming 
triggers several hemostatic disorders such as consumption 
coagulopathy signs and incoagulable blood, increased clotting 
time, reduced levels of fibrinogen, and platelet hypoaggregation. 
Besides its pro-coagulant effect in plasma, L. obliqua venom can 
also induce pro-coagulant and pro-inflammatory molecules 
expression as tissue factor (FT), IL-6 and IL-1β in endothelial 
and smooth muscle vascular cells, contributing to activate 
coagulation cascade and subsequent incoagulability of smooth 
muscle vascular cells [23, 29].

In fact, in the experimental model used in [17], envenomed 
animals showed activity increase in renal filtration rate while 
smooth muscle vascular cells stimulated by Lonomia obliqua 
venom in vitro exhibited increase in kallikrein generating activity, 
changing cells to pro-coagulant profile. This study suggests 
the use of aprotinin as a pharmacological agent neutralizing 
kallikrein and consequent blocker for bradykinin release and 
inflammatory cascade.

It is worth mentioning that in vitro, when incubated with 
human fibroblasts or endothelial cells in culture, L. obliqua 
venom induces several pro-inflammatory cytokines production, 
including TNF-α and IL-1β, while it also activates nuclear factor-
κB (NF-κB) and increases inflammatory enzymes expression such 
as cyclooxygenase-2 (COX-2), inducible nitric oxide synthase 
(iNOS), hemeoxygenase (HO-1) and matrix metalloproteinases 
(MMPs) [30]. With respect to tissue oxidative stress in vivo, 
kidneys of animals envenomed by Lonomia obliqua showed 
increased levels of peroxide, NO, MMPs and reduced levels of 
reduced glutathione (GSH).

These changes were also accompanied by tubular lesions, 
accumulation of pro-inflammatory cytokines and release of 
cytokines such as TNF-α, which is a known expression inducer 
of kininogen and bradykinin B1R receptor [23]. Collectively, 
all evidence points kininogen-kallikrein-BK-B1R / B2R axis 
activation during L. obliqua envenoming as blocking the initial 
stage of this pathway with aprotinin improves renal and vascular 
function.

Snakes
Due to its high morbidity and mortality, snake envenoming is a 
significant public health problem in tropical countries [31–33], 
especially in rural areas. Snakebite accidents are generally related 
to weather and countryside work [4, 33]. With recognized death 
risk, their bites are emergencies typically leading to the following 
effects: local tissue damage, bleeding, coagulopathies, and shock. 
However, there is clinical and experimental evidence of venoms 
from different snakes that cause acute kidney damage [4, 33–36]. 
While envenoming refers to components causing neurotoxic 
manifestations, other other systemic manifestations are equally 
present [37], whose pathways are reviewed in [38].

With most studies using snake venoms, phospholipase A2, 
metalloprotease and sphingomyelinase are among enzymes 
in animal toxins contributing to renal toxicity. Phospholipase 
A2 (PLA2) catalyzes hydrolysis of phosphoglycerides at sn-2 
acyl bond and it is divided into Class I (found in snakes from 
Elapidae family), Class II (in venoms of snakes in Viperidae 
and Crotalidae families), and Class III (found in venoms of 
bees A. mellifera and Gila monsters Heloderma suspectum) [39]. 
Playing key role in cellular injury by mediating inflammatory 
response, PLA2 toxic effects on biological membranes occurs 
via charge and van de Waals interactions leading to membrane 
destabilization. By augmenting membrane lipid hydrolysis, 
PLA2 increases membrane permeability and leads to cell lysis. 
While cellular exposure to PLA2 decreases membrane integrity, 
it increases susceptibity to H2O2 toxicity [40].
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Being zinc dependent endopeptidases, metalloproteases are in 
venoms of snakes in Viperinae and Crotalinae subfamilies. By 
degrading extracellular matrix proteins while disrupting cellular 
matrix and cellular adhesion, aforesaid enzyme cleaves cell 
surface receptors and activates chemokines as well as cytokines 
[41]. Metalloprotease can induce apoptosis of vascular endothelial 
cells [42] whereas zinc metalloproteases cut glutathione-s-
transferase tumor necrosis fusion protein to liberate active 
tumor necrosis factor [43]. Metalloproteases activate chemokine 
and cytokine to generate effects on leukocyte migration and 
inflammation [44]. Vital to both tissue remodeling and repair, 
metalloproteases (along with angiotensin II blocker) regress 
glomerular sclerotic lesion in glomerulo-sclerosis [45].

Bothrops are the most common snakes found in Latin America 
[4]. Its venom is predominantly hemotoxic and proteolytic, which 
means that although hemorrhage is generally the main cause 
of death, acute kidney damage related to the bite of this snake 
species is an important, potentially fatal clinical complication, 
as well as leading to chronic kidney disease [4].

Nephrotoxicity from snake venom can have several origins 
such as impaired perfusion due to intravascular coagulation, 
direct action of venom cytotoxic components on renal structures, 
and either hemoglobin or myoglobin deposits onto proximal 
and distal renal tubule. Another possible renal failure cause 
refers to cardiotoxins and nephrotoxic components in these 
animals venom [35, 37]. Some studies evaluated dissimilar 
venom fractions in different animals and their findings point to 
changes in renal hemodynamics as well as proximal and distal 
renal tubular degeneration [33, 35]. In animal studies, kinetic 
evaluation of urine has also proven changes in volume as well 
as in creatinine, microprotein and other markers of kidney 
damages from this venom [33, 35–37].

As American members of Elapidae family, coral snakes comprise 
a taxonomic group of more than 120 species and subspecies 
represented by genera Leptomicrurus, Micruroides and Micrurus, 
with the latter accounting for envenoming over the entire American 
continent [33, 46]. Micrurus venom causes muscle strength 
loss and peripheral-originated respiratory paralysis. Neurotoxic 
signals due to these venoms result from postsynaptic action at 
terminal plaque receptors level (α-neurotoxins, e.g. Micrurus 
frontalis) and/or acetylcholine release inhibition due to motor 
nerve endings (presynaptic PLA2, β-neurotoxins, e.g. Micrurus 
corallinus) and/or muscle fiber membranes depolarization 
(myotoxic A2 phospholipases, possibly other cytotoxins, e.g. 
Micrurus nigrocinctus or fulvius) [33, 46].

When intramuscularly injected, all venoms increased uremia 
levels compared to controls 24 h after injection, with the greatest 
increase observed with M. pyrrhocryptus and M. fulvius venoms. 
Elevated uremia is a robust renal failure indicator [46, 47] 
since plasma urea is elevated above baseline when glomerular 
filtration is below 50%. Renal dysfunction basis was established 
through histological analysis, which revealed that M. fulvius, M. 
nigrocinctus and (to lesser extent) M. pyrrhocryptus could cause 
major renal damage. Rat kidneys treated with these venoms 

had extensive tubular necrosis of epithelial cells, with basement 
membrane rupture and lumen epithelial exfoliation. Tubular 
epithelia thickened while protein material and granular plaster 
presence (including cylinders in tubules) was most notable in 
rats injected with M. fulvius and M. nigrocinctus venoms.

Models were observed in proximal and distal tubules, 
Henle loops, and collecting ducts. In some tubules, molds 
completely blocked the lumen. Glomeruli showed congestion 
and intracapillary thrombi presence. Rat kidneys injected with 
other venoms were only slightly affected, even at venom doses 
close to lethal values [46, 47].

Nephrotoxicity from snake venom can have several origins such 
as impaired perfusion due to intravascular coagulation [48, 49], 
direct action of cytotoxic venom components on renal structures 
[50, 51], and hemoglobin or myoglobin deposits in renal tubules 
[52, 53]. Concerning Micrurus venoms studied, intravascular 
coagulation does not seem to be involved in renal damage as 
these venoms did not exhibit coagulant activity in plasma while 
no evidence of disseminated intravascular coagulation was 
found in histological studies. However, it is worth mentioning 
that another possible cause of renal failure refers to myotoxic 
and nephrotoxic components of some cardiotoxins from elapid 
venoms [53].

In their study, Tchaou et al. [54] emphasize that viper venoms 
are liable for 15% envenomings and bring hemorrhagic and 
necrotizing complications involving several organs as well 
as direct toxic action of the venom on the renal parenchyma 
[54]. In Russel viper envenoming, acute kidney damage and 
nephrotoxic effects have been related to Russel’s viper venom 
(RVV7), which can cause hemodynamic changes and primary 
proximal and distal renal tubular degeneration [36, 54, 55]. 
In a cell culture study with proximal tubular cells, RVV-7 led 
to reduced cell viability, necrosis and increased LDH while 
basic protein isolated from RVV-7 might induce renal tubular 
necrosis in mice [56].

Likewise, thrombotic microangiopathy is expected to play a role 
in kidney damage from Russell’s viper bites. Despite the absence 
of arterial thrombosis, there were microthrombi in glomerular 
capillaries in some kidney samples from animals exposed to 
RVV7, thus suggesting thrombotic microangiopathy influence as 
evidence corroborating inflammatory and nephrotoxic process 
in AKI [55].

Regardless of the species, snake venom contains several 
proteolytic toxins causing systemic and renal hemodynamic 
changes, which also have thrombin-like action and fibrinolytic 
activity. These toxins are responsible for degrading all types of 
matrix proteins, activating chemokines and cytokines, as well as  
inducing apoptosis of vascular cell adhesion, activating clotting 
factors, inhibiting platelet aggregation, and inducing local 
symptoms at bite site [4].

Scorpion
Scorpionism is the envenoming from the presence of toxins 
in scorpion venom as inoculated in the victim through the 
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inoculating device (stinger or telson). With respect to human 
accident with venomous animals, scorpionism has the second 
morbidity incidence worldwide [57]. Scorpionic accidents are 
relevant due to their high occurrence frequency and severity, 
especially in children, the elderly and immunosuppressed victims 
[34]. The related nephrotoxicity is characterized as one of the 
most critical and lethal effects from animal venoms [58, 59]. 
Nephrotoxic actions have been reported for envenoming by 
scorpions of, for instance, species Hemiscorpius lepturus [60] 
and Androctonus australis [5].

Toxic venom components can directly or indirectly act on 
renal cells, causing mesangiolysis, glomerulonephritis, vasculitis, 
interstitial nephritis and nephrosis, cortical necrosis and tubular 
necrosis, in addition to vascular hypoxia and renal infarction. 
Aforesaid changes contribute to developing renal complications 
due to envenoming [1].

Tubular necrosis is pointed [61] as the main pathological 
change due to scorpion envenoming. This type of lesion reinforces 
urinary flow increase and intensifies diuresis while contributing 
to reduce electrolytic reabsorption, with increased sodium, 
potassium and chloride excretion.

Venom inoculation has been demonstrated [22, 55] 
to yield complex effects on sodium channels, especially 
altering electrolytes transport in renal tubules, leading to 
catecholamines and acetylcholine release (mediators causing 
serious manifestations due to parasympathetic or sympathetic 
effects) while intensifying tubular injury due to deleterious 
consequences from higher cytosolic Ca2+ concentration. 
In scorpionic accidents, pro-inflammatory cytokines and 
mediators – including interleukins (ILs), tumor necrosis 
factor (TNFα), nitric oxide (NO), platelet aggregation factor 
(PAF), catecholamines, prostaglandins, kinins, leukotrienes, 
angiotensin (AII) and endothelin (ET) – become elevated [58, 59].

At clinical level, AKI with renal failure has been observed in 
scorpion toxin envenoming, without hypotension and associated 
insults such as rhabdomyolysis, hemolysis or disseminated 
intravascular coagulation, with the finding that it would suggest 
direct nephrotoxicit [61]. Linked to hemolysis, hemoglobinuria 
and proteinuria, this toxin promotes important changes in the 
acute phase of kidney injury, which is characterized by damage 
to vascular structures, glomerular and tubular cells [61].

By reasoning that AKI is induced by excessive inflammation 
and cell death, Dijazi et al. [15] pointed that regulated cell death 
(necroptosis and ferroptosis) is involved in hemoglobinuria-
induced AKI. Exact mechanisms of AKI induction are still 
unknown; however, according to Dijazi et al. [15], necroptosis 
induces inflammatory cytokines release such as Tnf-α and Tlr-
4. Inflammatory environment, in turn, will largely increase 
Ripk3 and Mlkl genes in kidney due to hemoglobinuria; thus, 
necroptosis induction in cells will occur due to high concentration 
of venom, heme and expression of Tnf-α, Tlr-4, Ripk3 and Mlkl. 
In the experimental model used in [55], envenomed animals 
showed significant Tnf-α, Tlr-4, Ripk3 increases in groups 

exposed to 5 and 10 mg-venom/kg-body treatments. However, 
it was demonstrated that positive regulation is dose dependent, 
significantly increasing the damage according to the administered 
amount. This mice exposure to Hemiscorpius lepturus venom 
revealed that the venom can be found in renal tissue associated 
with morphological damage and renal dysfunction [15].

Dijazi et al. [15] further suppose that the natural toxin induced 
AKI through vasoactive effects mediated by disturbance in PLA-2 
enzyme function and immune response involved in hemolysis and 
cytotoxicit. In turn, PLA-2 enzyme plays a fundamental role in 
inflammation, activating arachidonic acid that leads to eicosanoids 
(i.e. prostaglandins and leukotrienes) generation. PLA-2 also 
stimulates hypothalamic-pituitary-adrenal axis in order to produce 
adrenocorticotropic hormone, corticosteroids, vasopressin and 
acute phase proteins, while causing local manifestations at the 
sting site as well as hemodynamic changes [62].

In scorpion sting, aforesaid mechanism results from large 
amounts of hemoproteins released in extracellular space where 
hemoglobin oxidation occurs. In turn, after hemolysis there 
might be high concentration of ferric Hb (Fe3+), free heme group 
release and, thus, acceleratting the production of free radicals 
that accumulate in renal cortex, promoting toxic action [55].

High iron instability in heme structure is the critical factor in 
ROS production, which is related to Fenton reaction, NADPH 
oxidase and mitochondria sources [63], thus causing necrosis 
through TNF-α, TLR-4 and MyD88 activation. In turn, MLKL 
protein phosphorylation by RIPK3 receptor provides ion channels 
permeability while inducing membrane rupture, thus increasing 
ROS production and strongly inducing the immune system [16].

Alves et al. [64] demonstrated that T. serrulatus venom also 
increased PP and RVR probably due to direct vasoactive action, 
as evidenced by experiments on mesenteric vascular bed, whose 
results suggest venom effect on α1-adrenergic receptors. These 
receptors are abundantly found in kidneys, in afferent and 
efferent arterioles [64].

Conclusion
Animal venoms have a high potential to induce AKI when 
inoculated in humans. Toxins from snakes, scorpions and 
Lonomia lead to significant changes in terms of perfusion 
pressure (PP), renal vascular resistance (RVR), urinary flow 
(UF), glomerular filtration rhythm (GFR), and sodium, potassium 
and chloride electrolyte excretion. Among described forms of 
renal inflammation, action can directly or indirectly occur on 
renal cells via intravascular, systemic and endothelial hemolysis, 
inflammatory pathway activation, as well as direct action of venom 
cytotoxic components onto kidney structures. Progressive kidney 
damages can ultimately lead to mesangiolysis, glomerulonephritis, 
vasculitis, interstitial nephritis and nephrosis, cortical necrosis and 
tubular necrosis, besides vascular hypoxia and renal infarction. 
Scientific knowledge on this issue must be expanded as only few 
studies in humans have reported AKI incidence and inflammatory 
mechanisms after exposure to these venoms.



Layout and XML SciELO Publishing Schema: www.editoraletra1.com.br | letra1@editoraletra1.com.br

Oliveira et al.   J Venom Anim Toxins incl Trop Dis, 2021, 27:e20200189 Page 10 of 12

﻿ ﻿

Availability of data and materials
Not applicable.

Funding
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
NAO conceived the study, conducted data selection and 
interpretation, accomplished paper design and revision. SCC 
conceived the study and conducted the selection and interpretation 
of data. DAB carried out the revision of the article. CDF contributed 
to the design, selection of the studies and took part in the revision 
of this paper. All authors read and approved the final manuscript.

Ethics approval 
Not applicable.

Consent for publication
Not applicable.

References
1.	 Sitprija V. Animal toxins and the kidney. Nat Clin Pract Nephrol. 2008 

Nov; 4(11):616-627. doi: 10.1038/ncpneph0941.
2.	 Pucca MB, Franco MVS, Medeiros JM, Oliveira IS, Ahmadi S, Cerni FA, 

Zottich U, Bassoli BK, Monteiro WM, Laustsen AH. Chronic kidney failure 
following lancehead bite envenoming: a clinical report from the Amazon 
region. J Venom Anim Toxins incl Trop Dis. 2020 Dec;26:e20200083. 
doi: 10.1590/1678-9199-jvatitd-2020-0083.

3.	 Kidney Disease: Improving Global Outcomes (KDIGO) Acute Kidney 
Injury Work Group. KDIGO Clinical Practice Guideline for Acute Kidney 
Injury. Kidney inter. Suppl. 2012;2:1–138. Available from: https://kdigo.org/
wp-content/uploads/2016/10/KDIGO-2012-AKI-Guideline-English.pdf.

4.	 Albuquerque PLMM, Paiva JHHGL, Martins AMC, Meneses GC, da Silva 
GB, Buckley N, Daher EF. Clinical assessment and pathophysiology of 
Bothrops venom-related acute kidney injury: a scoping review. J Venom 
Anim Toxins incl Trop Dis. 2020 Jul 10;26:e20190076. doi: 10.1590/1678- 
9199-jvatitd-2019-0076.

5.	 Jalali A, Pipelzadeh MH, Sayedian R, Rowan EG. A review of epidemiological, 
clinical and in vitro physiological studies of envenomation by the scorpion 
Hemiscorpius lepturus (Hemiscorpiidae) in Iran. Toxicon. 2010 Feb-Mar; 
55(2-3):173-179. doi: 10.1016/j.toxicon.2009.09.012.

6.	 Basile DP, Yoder MC. Renal endothelial dysfunction in acute kidney 
ischemia reperfusion injury. Cardiovasc Hematol Disord Drug Targets. 
2014 Jul 24;14(1):3-14. doi: 10.2174/1871529X1401140724093505.

7.	 Santos CMC, Pimenta CAM, Nobre MRC. A estratégia PICO para a 
construção da pergunta de pesquisa e busca de evidências. Rev Lat 
Am Enfermagem. 2007 Jun;15(3):508-511. doi: 10.1590/S0104-116920 
07000300023.

8.	 Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred reporting 
items for systematic reviews and metaanalyses: the PRISMA statement.  
PLoS Med [Internet]. 2009 Jul [cited 31 Jul 2020];6(7):e1000097. Available 
from: http://prisma-statement.org/prismastatement/prismastatement.

9.	 Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan - a web 
and mobile app for systematic reviews. Syst Rev. 2016 Dec 5;5(1):210. 
doi: 10.1186/s13643-016-0384-4.

10.	 Burdmann EA, Jha V. Acute kidney injury due to tropical infectious 
diseases and animal venoms: a tale of 2 continents. Kidney Int. 2017 May 
1;91(5):1033-1046. doi: 10.1016/j.kint.2016.09.051.

11.	 Abdulkader RCRM, Barbaro KC, Barros EJG, Burdmann EA. Nephrotoxicity 
of insect and spider venoms in Latin America. Semin Nephrol. 2008 Jul; 
28(4):373-382. doi: 10.1016/j.semnephrol.2008.04.006.

12.	 Sánchez MN, Mignone Chagas MA, Casertano SA, Cavagnaro LE, Peichoto 
ME. Accidents with caterpillar Lonomia obliqua (Walker, 1855). An emerging 
problem. Medicina (B Aires). 2015;75(5), 328-333. Available from: https://
pubmed.ncbi.nlm.nih.gov/26502471/.

13.	 Verma SK, Molitoris BA. Renal endothelial injury and microvascular 
dysfunction in acute kidney injury. Semin Nephrol. 2015 Jan 1;35(1):96-
107. doi: 10.1016/j.semnephrol.2015.01.010.

14.	 Sinan - Sistema de Informação de Agravos de Notificação. Caterpillar: 
Accident by venomous animals - notifications registered in the information 
system for notification of diseases – Brazil [Internet]. Brasil: Ministério da 
Saúde. Available from: http://tabnet.datasus.gov.br/cgi/tabcgi.exe?sinannet/
cnv/animaisbr.def.

15.	 Dizaji R, Sharafi A, Pourahmad J, Abdollahifar MA, Vatanpour H, Hosseini 
MJ. Induction of two independent immunological cell death signaling 
following hemoglobinuria-induced acute kidney injury: in vivo study. 
Toxicon. 2019 May;163:23-31. doi: 10.1016/j.toxicon.2019.03.011.

16.	 Berger M, Beys-da-Silva WO, Santi L, de Oliveira IM, Jorge PM, Henriques 
JAP, Driemeier D, Vieira MAR, Guimarães JA. Acute Lonomia obliqua 
caterpillar envenomation-induced physiopathological alterations in rats: 
evidence of new toxic venom activities and the efficacy of serum therapy 
to counteract systemic tissue damage. Toxicon. 2013 Nov;74:179-192. 
doi: 10.1016/j.toxicon.2013.08.061.

17.	 Berger M, Santi L, Beys-da-Silva WO, Oliveira FMS, Caliari MV, Yates 
JR 3rd, Vieira MAR, Guimarães JA. Mechanisms of acute kidney injury 
induced by experimental Lonomia obliqua envenomation. Arch Toxicol. 
2015 Mar;89(3):459-483. doi: 10.1007/s00204-014-1264-0.

18.	 Arocha-Piñango CL, Marval E, Guerrero B. Lonomia genus caterpillar 
toxins: biochemical aspects. Biochimie. 2000 Sep-Oct;82(9-10):937-942. 
doi: 10.1016/S0300-9084(00)01164-0.

19.	 Duarte AC, Caovilla J, Lorini I, Lorini D, Mantovani G, Sumida J, Manfre 
PC, Silviera RC, de Moura SP. Insuficiência renal aguda por acidentes com 
lagartas / acute kidney failure by accidents with lizards. J Bras Nefrol. 
1990 Dez;12(4):184-187. Available from: https://pesquisa.bvsalud.org/
portal/resource/pt/lil-126923.

20.	 Gamborgi GP, Metcalf EB, Barros EJG. Acute renal failure provoked by 
toxin from caterpillars of the species Lonomia obliqua. Toxicon. 2006 
Jan;47(1):68-74. doi: 10.1016/j.toxicon.2005.09.012.

21.	 Berger M, de Moraes JA, Beys-da-Silva WO, Santi L, Terraciano PB, 
Driemeier D, Cirne-Lima EO, Passos EP, Vieira MAR, Barja-Fidalgo TC, 
Guimarães JA. Renal and vascular effects of kallikrein inhibition in a model 
of Lonomia obliqua venom-induced acute kidney injury. PLoS Negl Trop 
Dis. 2019 Feb 14;13(2):e0007197. doi: 10.1371/journal.pntd.0007197.

22.	 Björkqvist J, Jämsä A, Renné T. Plasma kallikrein: the bradykinin-producing 
enzyme. Thromb Haemost. 2013 Sep;110(3):399-407. doi: 10.1160/
TH13-03-0258.

23.	 Regoli D, Barabé J. Pharmacology of bradykinin and related kinins. 
Pharmacol Rev. 1980 Mar;32(1):1-46. Available from: https://pubmed.
ncbi.nlm.nih.gov/7015371/.

24.	 Calixto JB, Medeiros R, Fernandes ES, Ferreira J, Cabrini DA, Campos 
MM. Kinin B1 receptors: key G-protein-coupled receptors and their role in 
inflammatory and painful processes. Br J Pharmacol. 2004 Dec;143(7):803-
818. doi: 10.1038/sj.bjp.0706012.

25.	 Campos MM, Leal PC, Yunes RA, Calixto JB. Non-peptide antagonists 
for kinin B1 receptors: new insights into their therapeutic potential for 
the management of inflammation and pain. Trends Pharmacol Sci. 2006 
Dec;27(12):646-651. doi: 10.1016/j.tips.2006.10.007.

26.	 Kayashima Y, Smithies O, Kakoki M. The kallikrein-kinin system and 
oxidative stress. Curr Opin Nephrol Hypertens. 2012 Jan;21:92-96. doi: 
10.1097/MNH.0b013e32834d54b1.

https://doi.org/10.1038/ncpneph0941
https://doi.org/10.1590/1678-9199-jvatitd-2020-0083
https://kdigo.org/wp-content/uploads/2016/10/KDIGO-2012-AKI-Guideline-English.pdf
https://kdigo.org/wp-content/uploads/2016/10/KDIGO-2012-AKI-Guideline-English.pdf
https://doi.org/10.1590/1678-9199-jvatitd-2019-0076
https://doi.org/10.1590/1678-9199-jvatitd-2019-0076
https://doi.org/10.1016/j.toxicon.2009.09.012
https://doi.org/10.2174/1871529X1401140724093505
https://doi.org/10.1590/S0104-11692007000300023
https://doi.org/10.1590/S0104-11692007000300023
http://prisma-statement.org/prismastatement/prismastatement
https://doi.org/10.1186/s13643-016-0384-4
https://doi.org/10.1016/j.kint.2016.09.051
https://doi.org/10.1016/j.semnephrol.2008.04.006
https://pubmed.ncbi.nlm.nih.gov/26502471/
https://pubmed.ncbi.nlm.nih.gov/26502471/
https://doi.org/10.1016/j.semnephrol.2015.01.010
http://tabnet.datasus.gov.br/cgi/tabcgi.exe?sinannet/cnv/animaisbr.def
http://tabnet.datasus.gov.br/cgi/tabcgi.exe?sinannet/cnv/animaisbr.def
https://doi.org/10.1016/j.toxicon.2019.03.011
https://doi.org/10.1016/j.toxicon.2013.08.061
https://doi.org/10.1007/s00204-014-1264-0
https://doi.org/10.1016/S0300-9084(00)01164-0
https://pesquisa.bvsalud.org/portal/resource/pt/lil-126923
https://pesquisa.bvsalud.org/portal/resource/pt/lil-126923
https://doi.org/10.1016/j.toxicon.2005.09.012
https://doi.org/10.1371/journal.pntd.0007197
https://doi.org/10.1160/TH13-03-0258
https://doi.org/10.1160/TH13-03-0258
https://pubmed.ncbi.nlm.nih.gov/7015371/
https://pubmed.ncbi.nlm.nih.gov/7015371/
https://doi.org/10.1038/sj.bjp.0706012
https://doi.org/10.1016/j.tips.2006.10.007
https://doi.org/10.1097/MNH.0b013e32834d54b1


Layout and XML SciELO Publishing Schema: www.editoraletra1.com.br | letra1@editoraletra1.com.br

Oliveira et al.   J Venom Anim Toxins incl Trop Dis, 2021, 27:e20200189 Page 11 of 12

﻿

27.	 Couture R, Harrisson M, Vianna RM, Cloutier F. Kinin receptors in pain 
and inflammation. Eur J Pharmacol. 2001 Oct 19;429:161-176. doi: 10.1016/
S0014-2999(01)01318-8.

28.	 Thomazini CM. Envolvimento do fator de von Willebrand na plaquetopenia do 
envenenamento experimental pela serpente Bothrops jararaca: participação 
da botrocetina e metaloproteinases do veneno [thesis] [Internet]. São 
Paulo (Brazil): University of Sao Paulo; 2018. doi: 10.11606/T.5.2018.tde-
26102018-143637

29.	 Göb E, Reymann S, Langhauser F, Schuhmann MK, Kraft P, Thielmann I, 
Göbel K, Brede M, Homola G, Solymosi L, Stoll G, Geis C, Meuth SG, 
Nieswandt B, Kleinschnitz C. Blocking of plasma kallikrein ameliorates 
stroke by reducing thromboinflammation. Ann Neurol. 2015 May;77(5): 
784-803. doi: 10.1002/ana.24380.

30.	 Kakoki M, Sullivan KA, Backus C, Hayes JM, Oh SS, Hua K, Gasim AMH, 
Tomita H, Grant R, Nossov SB, Kim HS, Jennette JC, Feldman EL, Smithies 
O. Lack of both bradykinin B1 and B2 receptors enhances nephropathy, 
neuropathy, and bone mineral loss in Akita diabetic mice. Proc Natl Acad 
Sci USA. 2010 Jun 1;107(22):10190-10195. doi: 10.1073/pnas.1005144107.

31.	 Chippaux JP. Incidence and mortality due to snakebite in the Americas. 
PLoS Negl Trop Dis. 2017 Jun 21;11(6):e0005662. doi: 10.1371/journal.
pntd.0005662.

32.	 Pinto AFM, Dragulev B, Guimarães JA, Fox JW. Novel perspectives on 
the pathogenesis of Lonomia obliqua caterpillar envenomation based on 
assessment of host response by gene expression analysis. Toxicon. 2008 
May;51(6):1119-1128. doi: 10.1016/j.toxicon.2008.01.010.

33.	 de Roodt AR, Lago NR, Stock RP. Myotoxicity and nephrotoxicity by 
Micrurus venoms in experimental envenomation. Toxicon. 2012 Feb; 
59(2):356-364. doi: 10.1016/j.toxicon.2011.11.009.

34.	 Fundação Nacional de Saúde. Coordenação de Controle de Zoonoses, 
Animais Peçonhentos, Centro Nacional de Epidemiologia. Manual de 
diagnóstico e tratamento de acidentes por animais peçonhentos [Internet]. 
2ª. ed. Brazil: Ministério da Saúde; 2001. Available from: https://www.
icict.fiocruz.br/sites/www.icict.fiocruz.br/files/Manual-de-Diagnostico-e-
Tratamento-de-Acidentes-por-Animais-Pe--onhentos.pdf

35.	 Nasim F, Das S, Mishra R, Mishra R. Hematological alterations and splenic 
T lymphocyte polarization at the crest of snake venom induced acute 
kidney injury in adult male mice. Toxicon. 2017 Aug;134:57-63. doi: 
10.1016/j.toxicon.2017.05.024.

36.	 Rucavado A, Escalante T, Kalogeropoulos K, Camacho E, Gutiérrez JM, 
Fox JW. Analysis of wound exudates reveals differences in the patterns 
of tissue damage and inflammation induced by the venoms of Daboia 
russelii and Bothrops asper in mice. Toxicon. 2020 Oct 30;186:94-104. 
doi: 10.1016/j.toxicon.2020.07.025.

37.	 Kim H, Hong JY, Jeon WJ, Baek SH, Ha IH. Bee venom melittin protects 
against cisplatin-induced acute kidney injury in mice via the regulation 
of M2 macrophage activation. Toxins (Basel). 2020 Sep 6;12(9):574. doi: 
10.3390/toxins12090574.

38.	 Sitprija V, Sitprija S. Renal effects and injury induced by animal toxins. 
Toxicon. 2012 Oct;60(5):943-953. doi: 10.1016/j.toxicon.2012.06.012.

39.	 Bon C, Choumet V, Delot E, Faure G, Robbe‐Vincent A, Saliou B. Different 
evolution of phospholipase A2 neurotoxins (β‐neurotoxins) from Elapidae 
and Viperidae snakes. Ann N Y Acad Sci. 1994 Mar 9;710(1):142-148. doi: 
10.1111/j.1749-6632.1994.tb26621.x.

40.	 Cummings BS, McHowat J, Schnellmann RG. Phospholipase A2s in cell 
injury and death. J Pharmacol Exp Ther. 2000 Sep;294(3):793-799. Available 
from: https://pubmed.ncbi.nlm.nih.gov/10945826/.

41.	 Fernandes CM, Zamuner SR, Zuliani JP, Rucavado A, Gutiérrez JM, 
Teixeira CFP. Inflammatory effects of BaP1 a metalloproteinase isolated  
from Bothrops asper snake venom: leukocyte recruitment and release 
of cytokines. Toxicon. 2006 Apr;47(5):549-559. doi: 10.1016/j.toxicon. 
2006.01.009.

42.	 Kubo A, Iwano M, Kobayashi Y, Kyoda Y, Isumi Y, Maruyama N, Yonemasu 
K. In vitro effects of Habu snake venom on cultured mesangial cells. 
Nephron. 2002 Set;92(3):665-672. doi: 10.1159/000064115.

43.	 Moura‐da‐Silva AM, Laing GD, Paine MJI, Dennison JMTJ, Politi V, Crampton 
JM, Theakston RDG. Processing of pro‐tumor necrosis factor‐α by venom 
metalloproteinases: a hypothesis explaining local tissue damage following 
snake bite. Eur J Immmunol. 1996 Sep;26(9):2000-2005. doi: 10.1002/
eji.1830260905.

44.	 Teixeira CFP, Fernandes CM, Zuliani JP, Zamuner SF. Inflammatory effects 
of snake venom metalloproteinases. Mem Inst Oswaldo Cruz. 2005 
Mar;100 Suppl 1:181-184. doi: 10.1590/S0074-02762005000900031.

45.	 Hayashi K, Sasamura H, Ishiguro K, Sakamaki Y, Azegami T, Itoh H. Regression 
of glomerulosclerosis in response to transient treatment with angiotensin II 
blockers is attenuated by blockade of matrix metalloproteinase-2. Kidney 
Int. 2010 Jul;78(1):69-78. doi: 10.1038/ki.2010.81.

46.	 Campbell JA, Lamar WW, Brodie ED. The venomous reptiles of the 
western hemisphere. Ithaca (NY): Comstock Pub Associates; 2004.

47.	 Zotta E, Lago N, Ochoa F, Repetto HA, Ibarra C. Development of an 
experimental hemolytic uremic syndrome in rats. Pediatr Nephrol. 2008 
Apr;23(4): 559-567. doi: 10.1007/s00467-007-0727-4.

48.	 Rezende NA, Amaral CFS, Bambirra EA, Lachatt JJ, Coimbra TM. Functional 
and histopathological renal changes induced in rats by Bothrops jararaca 
venom. Braz J Med Biol Res. 1989;22(3):407-416. Available from: https://
pubmed.ncbi.nlm.nih.gov/2804475/.

49.	 Burdmann EA, Woronik V, Prado EBA, Abdulkader RC, Saldanha LB, 
Barreto OCO, Marcondes M. Snakebite-induced acute renal failure: an 
experimental model. Am J Trop Med Hyg. 1993 Jan;48(1):82-88. doi: 
10.4269/ajtmh.1993.48.82.

50.	 Chugh KS. Snake-bite-induced acute renal failure in India. Kidney Int. 
1989 Mar;35(3):891-907. doi: 10.1038/ki.1989.70.

51.	 Evangelista IL, Martins AMC, Nascimento NRF, Havt A, Evangelista JSAM, 
de Norões TBS, Toyama MH, Diz-Filho EB, Toyama DO, Fonteles MC, 
Monteiro HSA. Renal and cardiovascular effects of Bothrops marajoensis 
venom and phospholipase A2. Toxicon. 2010 Jun 1;55(6):1061-1070. doi: 
10.1016/j.toxicon.2009.12.004.

52.	 Azevedo-Marques MM, Cupo P, Coimbra TM, Hering SE, Rossi MA, 
Laure CJ. Myonecrosis, myoglobinuria and acute renal failure induced by 
South American rattlesnake (Crotalus durissus terrificus) envenomation in 
Brazil. Toxicon. 1985;23(4):631-636. doi: 10.1016/0041-0101(85)90367-8.

53.	 Trinh KH, Khac QL, Trinh LX, Warrell DA. Hyponatraemia, rhabdomyolysis, 
alterations in blood pressure and persistent mydri-asis in patients envenomed 
by Malayan kraits (Bungarus candidus) in southern Viet Nam. Toxicon. 2010 
Nov;56(6):1070-1075. doi: 10.1016/j.toxicon.2010.06.026.

54.	 Tchaou BA, de Tové KMS, N’Vènonfon CFT, Mfin PK, Aguemon AR, 
Chobli M, Chippaux JP. Acute kidney failure following severe viper 
envenomation: clinical, biological and ultrasonographic aspects. J Venom  
Anim Toxins incl Trop Dis. 2020 Dec 7;26:e20200059. doi: 10.1590/ 
1678-9199-jvatitd-2020-0059.

55.	 Wijewickrama ES, Kurukulasooriya I, Gunatilake M, Priyani AA, Gnanathasan 
A, Gawarammana I, Isbister GK. Determination of the sub-lethal nephrotoxic 
dose of Russell’s viper (Daboia russelii) venom in Wistar rats. Toxicon. 2018 
Sep 15;152:43-45. doi: 10.1016/j.toxicon.2018.07.023.

56.	 Mandal S, Bhattacharyya D. Ability of a small, basic protein isolated from 
Russell’s viper venom (Daboia russelli russelli) to induce renal tubular 
necrosis in mice. Toxicon. 2007 Aug;50(2):236-250. doi: 10.1016/j.toxicon. 
2007.03.018.

57.	 Mitrmoonpitak C, Chulasugandha P, Khow O, Noiprom J, Chaiyabutr 
N, Sitprija V. Effects of phospholipase A2 and metalloprotease fractions 
of Russell’s viper venom on cytokines and renal hemodynamics in dogs. 
Toxicon. 2013 Jan;61:47-53. doi: 10.1016/j.toxicon.2012.10.017.

58.	 Rodgers GM, Greenberg CS, Shuman MA. Characterization of the effects 
of cultured vascular cells on the activation of blood coagulation. Blood. 
1983 Jun 1;61(6):1155-1162. doi: 10.1182/blood.V61.6.1155.1155.

59.	 Fukuhara YDM, Dellalibera-Joviliano R, Cunha FQC, Reis ML, Donadi 
EA. The kinin system in the envenomation caused by the Tityus serrulatus 
scorpion sting. Toxicol Appl Pharmacol. 2004 May 1;196(3):390-395. doi: 
10.1016/j.taap.2003.12.026.

https://doi.org/10.1016/S0014-2999(01)01318-8
https://doi.org/10.1016/S0014-2999(01)01318-8
https://doi.org/10.11606/T.5.2018.tde-26102018-143637
https://doi.org/10.11606/T.5.2018.tde-26102018-143637
https://doi.org/10.1002/ana.24380
https://doi.org/10.1073/pnas.1005144107
https://doi.org/10.1371/journal.pntd.0005662
https://doi.org/10.1371/journal.pntd.0005662
https://doi.org/10.1016/j.toxicon.2008.01.010
https://doi.org/10.1016/j.toxicon.2011.11.009
https://www.icict.fiocruz.br/sites/www.icict.fiocruz.br/files/Manual-de-Diagnostico-e-Tratamento-de-Acidentes-por-Animais-Pe--onhentos.pdf
https://www.icict.fiocruz.br/sites/www.icict.fiocruz.br/files/Manual-de-Diagnostico-e-Tratamento-de-Acidentes-por-Animais-Pe--onhentos.pdf
https://www.icict.fiocruz.br/sites/www.icict.fiocruz.br/files/Manual-de-Diagnostico-e-Tratamento-de-Acidentes-por-Animais-Pe--onhentos.pdf
https://doi.org/10.1016/j.toxicon.2017.05.024
https://doi.org/10.1016/j.toxicon.2020.07.025
https://doi.org/10.3390/toxins12090574
https://doi.org/10.1016/j.toxicon.2012.06.012
https://doi.org/10.1111/j.1749-6632.1994.tb26621.x
https://pubmed.ncbi.nlm.nih.gov/10945826/
https://doi.org/10.1016/j.toxicon.2006.01.009
https://doi.org/10.1016/j.toxicon.2006.01.009
https://doi.org/10.1159/000064115
https://doi.org/10.1002/eji.1830260905
https://doi.org/10.1002/eji.1830260905
https://doi.org/10.1590/S0074-02762005000900031
https://doi.org/10.1038/ki.2010.81
https://doi.org/10.1007/s00467-007-0727-4
https://pubmed.ncbi.nlm.nih.gov/2804475/
https://pubmed.ncbi.nlm.nih.gov/2804475/
https://doi.org/10.4269/ajtmh.1993.48.82
https://doi.org/10.1038/ki.1989.70
https://doi.org/10.1016/j.toxicon.2009.12.004
https://doi.org/10.1016/0041-0101(85)90367-8
https://doi.org/10.1016/j.toxicon.2010.06.026
https://doi.org/10.1590/1678-9199-jvatitd-2020-0059
https://doi.org/10.1590/1678-9199-jvatitd-2020-0059
https://doi.org/10.1016/j.toxicon.2018.07.023
https://doi.org/10.1016/j.toxicon.2007.03.018
https://doi.org/10.1016/j.toxicon.2007.03.018
https://doi.org/10.1016/j.toxicon.2012.10.017
https://doi.org/10.1182/blood.V61.6.1155.1155
https://doi.org/10.1016/j.taap.2003.12.026


Layout and XML SciELO Publishing Schema: www.editoraletra1.com.br | letra1@editoraletra1.com.br

Oliveira et al.   J Venom Anim Toxins incl Trop Dis, 2021, 27:e20200189 Page 12 of 12

﻿

60.	 Berger M, Vieira MAR, Guimaraes JA. Acute kidney injury induced by 
snake and arthropod venoms. In: Polenakovic M, editor. Renal failure – 
the facts. Rijeka, Croatia: InTech; 2012. p. 157-186. doi: 10.5772/37025.

61.	 Chippaux JP, Goyffon M. Epidemiology of scorpionism: a global appraisal. 
Acta Trop. 2008 Aug;107(2):71-79. doi: 10.1016/j.actatropica.2008.05.021.

62.	 Gmar-Bouraoui S, Aloui S, Ben Dhia N, Frih A, Skhiri H, Achour A, El 
May M. Piqûre de scorpion et néphropathie interstitielle aiguë: à propos 
d’un cas [Scorpion sting and acute interstitial nephropathy: apropos of 
1 case]. Med Trop (Mars). 2000;60(3):305-306. Available from: https://
pubmed.ncbi.nlm.nih.gov/11258071/.

63.	 Deuel JW, Schaer CA, Boretti FS, Opitz L, Garcia-Rubio I, Baek JH, Spahn 
DR, Buehler PW, Schaer DJ. Hemoglobinuria-related acute kidney injury 
is driven by intrarenal oxidative reactions triggering a heme toxicity 
response. Cell Death Dis. 2016 Jan 21;7(1):e2064. doi: 10.1038/cddis. 
2015.392.

64.	 de Sousa Alves R, do Nascimento NRF, Barbosa PSF, Kerntopf MR, 
Lessa LMA, de Sousa CM, Martins RD, Sousa DF, de Queiroz MGR, 
Toyama MH, Fonteles MC, Martins AMC, Monteiro HSA. Renal effects 
and vascular reactivity induced by Tityus serrulatus venom. Toxicon. 2005 
Sep 1;46(3):271-276. doi: 10.1016/j.toxicon.2005.04.013.

https://doi.org/10.5772/37025
https://doi.org/10.1016/j.actatropica.2008.05.021
https://pubmed.ncbi.nlm.nih.gov/11258071/
https://pubmed.ncbi.nlm.nih.gov/11258071/
https://doi.org/10.1038/cddis.2015.392
https://doi.org/10.1038/cddis.2015.392



