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Abstract 

 

Phospholipase A2 (PLA2) and metalloprotease (MP) from Daboia siamensis (Ds) venom are believed to contribute to 

renal tissue toxicity. Imbalance of the cytokine system induced by snake envenomation causes tissue injury and cell 
damage which leads to acute toxic kidney injury. A better understanding of the pathological mechanism involved in 
renal injury after venom administration is needed. In the present study, we aimed to investigate inflammatory mediator 

genes (IL-2, IL-10, TNFα, IFN, and COX-2) in mouse kidney tissue after venom injection. Quantitative real time PCR 
was performed to detect the cytokine gene profiles. Beta actin was used as a house-keeping gene in order to normalize 
calculations throughout the experiment. Our results indicated that crude Ds venom, PLA2 and MP enzymes from the 

snake venom induced both pro- and anti-inflammatory cytokines. These cytokines significantly increased the highest 
level detected at 60 mins except IL-2. IL-2 gene expression prolonged increased high levels until the end of the 
experiment. In conclusion, PLA2 induced an up-regulation of COX-2 expression meanwhile MP caused down-
regulation in mouse renal tissue. MP had no significant effect on COX-2 expression in this experiment. The results 
pointed out that IL-2 gene expression plays an important role to induce inflammatory response in kidneys by PLA2 and 
MP from Daboia siamensis (Ds) venom. 
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Introduction 

Daboia siamensis (Siamese Russell’s viper) is a 

venomous viper snake that causes common medical 
problems throughout the Asia-Pacific region. This 
venom causes acute toxic kidney injury (ATKI), renal 
hypoperfusion, intravascular hemolysis, 
rhabdomyolysis and myoglobinuria and disseminated 
intravascular coagulation (Mohamed et al., 2015). The 

mechanisms of nephrotoxicity by the venom are 
complicated and not well understood. A few previous 
reports have stated that Daboia siamensis venom and its 

fractions can cause changes to systemic effects and 
enhance renal hemodynamic in dogs. The venom 
induces a decrease of heart rate, pulse and blood 
pressure in the initial post-injection period. In addition, 
increased total peripheral vascular resistance and renal 
vascular resistance are believed to decrease renal blood 
flow and glomerular filtration rate due to the effect of 
PLA2 and proteolytic enzyme activities (Suwansrinon 
et al., 2006). Both PLA2 and MP of Daboia siamensis 

venom have been assessed to elevate inflammatory 
effects and renal hemodynamic changes 
(Mitrmoonpitak et al., 2013). Hemodynamic changes 

initially occur due to catecholamine release and renin-
angiotensin activation by prostaglandins 
(Tungthanathanich et al., 1986). Acute renal failure is 

one medical problem in victims of Russell’s viper bites. 
Daboia siamensis venom and its components cause acute 

kidney injury (AKI) and animal death, which have 
been reported in 5% of snakebite patients in Thailand 
(Athappan et al., 2008; Wijewickrama et al., 2018). 

Hemodynamic changes caused by vasoactive 
inflammatory mediators, are endogenously generated 
in the host and affect renal blood flow. Decreased renal 
blood flow and the inflammation process act 
synergistically in causing renal injury. However, a 
number of toxins, hemodynamic changes, cytokines 
and inflammatory responses are involved in renal 
injury and renal failure (Sitprija and Sitprija, 2012; 
Sathe et al., 2018). The severity of renal injury and renal 

failure in AKI causes morbidity and mortality in the 
host in terms of the association between AKI and the 
immune system dysregulation (Singbartl et al., 2019; 
Song et al., 2019).  

Several extracted enzymes such as phospholipase 
A2 (PLA2) and metalloprotease (MP) from snake 
venom are believed to contribute to acute renal toxicity 
and change pro-inflammatory cytokine effects 
(Menaldo et al., 2017). These enzymes are involved in 
many levels of venom actions inducing inflammatory 
mediators leading to local tissue injury, early onset of 
pain, edema, bleeding and bullous lesions, and are 
complicated by abscess with tissue necrosis 
(Albuquerque et al., 2013).  

Phospholipase A2 evolves into hydrolyzes 
phospholipids of membranes, generates 
lysophospholipids and serves free fatty acids as a 
substrate for the synthesis of many pro-inflammatory 
mediators. Metalloprotease enzyme digests the 
extracellular matrix protein network of cell surfaces 
and induces the secretion of chemokines and cytokines 
induced leukocyte migration and inflammation 
(Teixeira et al., 2009; Sitprija and Sitprija, 2012). It has 

been associated with the release of many inflammation 

mediators, such as Interleukin-1 (IL-1), Interleukin-6 
(IL-6), Interleukin-10 (IL-10), prostaglandin E2 (PGE2) 

and Tumor necrosis factor-alpha (TNF-) (Boda et al., 

2018). Thus, envenomation by this snake venom 
induced inflammatory mediators which is associated 
with both local and systemic effects. 

The immune system is normally released after 
foreign matter, including microorganism, 
envenomation and abnormal cell infringement. 
Whereas the immune overreaction or imbalance due to 
matter such as snake envenoming causes damage to 
body tissue and cells lead to nephrotoxic acute kidney 
injury (Wang et al., 2018). Snakebite is not only a 

condition mediated directly by venom proteins but 
also by the reaction of the body to the venom. 
Understanding the co-opting prey to the venom cause 
of toxicity amplification is challenge when designing 
effective therapies in snakebite treatment (Bickler et al., 

2020).  
Daboia siamensis venom and its fractions have been 

clearly described to cause hemadynamics and 
physiological changes without molecular information 
in kidney injury. For a better understanding of the 
mechanisms of renal tissue injury after venom was 
administrated, we aimed to investigate inflammatory 
mediator gene profiles in mouse kidney tissue where 
the venom and its fraction was directly administered 
intraperitoneum; phospholipase A2 (PLA2) and 
metalloprotease (MP) at different times of toxic 
exposure. The results might describe the physiological 
response to acute toxic kidney injury induced by 
Daboia siamensis envenomation. 

Materials and Methods 

Animal: A total of 80 IRC mice weighing 20 to 25 g 
were enrolled in this study. The study protocol and 
experimental method were approved by the Ethics 
and Animal Welfare Committee of Queen Saovabha 
Memorial Institute (No. 03/2017). All mice were 
housed under specific pathogen-free conditions 
with commercial food and tapped water ad lib. 

 
Study design: The mice were divided into four 
groups including a control group, a crude venom, a 
PLA2 and an MP exposure group. They were 
intraperitoneally injected with 1 ml of normal saline 
(Control group; Gr 1) and 0.5 µg/mouse in the Ds 

venom exposure group (Gr 2), 0.15 µg/mouse in the 
PLA2  exposure group (Gr 3) and 0.35 µg/mouse in 
the MP exposure group (Gr 4). After 30, 60, 120 and 
240 mins of post exposure injection, five mice from 
each time point were euthanised. Necropsy was 
performed and the left and right kidneys were 

dissected and directly kept at 70°C until use.  
 
Sample preparation: Daboia siamensis venom was 

provided from the snake farm at the Queen 
Saovabha Memorial Institute, Thai Red Cross 
Society. PLA2 was purified according to Khunsap et 
al. (2016). Briefly, Daboia siamensis venom in 

lyophilized form was dissolved in 0.02 M phosphate 
buffer (PB) pH 6.0 and applied to ion exchange 
chromatography on an HiTrapTM CM FF column. The 
proteins were eluted with 0-1 M NaCl linear gradient 
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in 0.02 M PB pH 6.0. The highest PLA2 activities peaks 
were further purified by size exclusion 
chromatography by being applied to a pre-equilibrated 
SuperdexTM 75 10/300 GL column. Whereas, MP was 
isolated using a three steps combination of 
SuperdexTM 75 10/300 GL column pre-equilibrated 
with 0.1M ammonium acetate buffer pH 6.7. The 
proteins were purified followed by a Mono Q 5/50 
GL and ResourceTM S column (Pharmacia Biotech, 
USA). The proteins were collected and measured at 
absorbance 280 nm under an AKTA pure Fast Protein 
Liquid Chromatography system (FPLC, GE 
Healthcare; Sweden). The isolated fractions were 
characterized followed biochemical techniques. 
 
Total RNA extraction: Mouse kidney tissue was 
blended by being sterile. Total ribonucleic acid (RNA) 
was extracted by Tri reagent kit (MRC, USA). Briefly, 
ground kidney was put in 1.5 ml eppendorf, 200 µl of 
Tri reagent added and vortexed for 30 mins at 
maximum speed. Fifty microliters of absolute 
chloroform was added to the mixture and continually 
vortexed for 5 mins. The supernatant was collected and 
added with absolute isopropanol being added for total 
RNA precipitation. RNA concentration was measured 
by QubitTM RNA HS assay kit (Thermo, USA).  

 
Quantitative Real-Time PCR: Quantitative Real-Time 
PCR was performed by a Bio-Rad manufactured kit. 
Eight hundred nanograms of total RNA were used as a 
template for gene expression. The cycling condition 
was performed under default by the CFX96 TouchTM 
Real-Time PCR detection system (BioRad, USA) by 
using iTaqTM universal SYBR® Green One-Step kit 
(BioRad, USA). The reverse transcription reaction was 

started at 50C for 10 mins, then polymerase activation 

and DNA denaturation at 95C for 60 secs. After an 

initial denaturation at 95C for 10 secs and 40 cycles at 

60C for 10 secs, melting analysis was collected at 95C 

for 10 secs, 65C for 5 secs and 95C for 50 secs. The 
sequence primers for the RT-PCR of mice beta actin, IL-
2, IL-10, TNFα, IFNγ and COX-2 were purchased from 
Bio-Rad (PrimePCR Unique assay ID. 
qMmuCED0027505, qMmuCED0060978, qMmuCE 
D0044967, qMmuCED004141 and qMmuCED006268, 
respectively), while COX-2 sequence was followed by 
McCarthy et al., 2013. The specific primer for each 
cytokine quantitation using real-time RT-PCR follows 
in Table1:  

 
Table 1 Oligonucleotide primers of inflammatory cytokines used in this study 
 

Genes Sequences 

Beta actin forward: Beta actin reverse: 5’CGGGACCTGACAGACTACCT’3 
5’TGCTCGAAGTCTAGAGCAACA’3 

IL-2 forward:  
IL-2 reverse: 

5’AGCCTTATGTGTTGTAAGCAGGA’3 
5’CTGTGGTGGACTTTCTGAGGA’3 

IL-10 forward:  
IL-10 reverse:  

5’CGTTTGTACCTCTCTCCGAAA’3 
5’TTGGGCTTCTTTCTAAATAGTTCA’3 

TNFα forward: 5’CCACAAGCAGGAATGAGAAGA’3 
TNFα reverse: 5’TCCCTCCAGAAAAGACACCA’3 

IFN forward: 5’TTTGAGGTCAACAACCCACA’3 

IFN reverse: 5’AAATTCAAATAGTGCTGGCAGA’3 

COX-2 forward: 5’TGACCCCCAAGGCTCAAAT’3 
COX-2 reverse: 5’GAACCCAGGTCCTCGCTTATG’3 

IL-2 = Interleukin-2; IL-10 = Interleukin-10; TNF-α = Tumor necrosis factor alpha; IFN- = Interferon gamma; COX-2 = 
Cyclooxygenase-2 enzyme 
 

All data analyses were performed by the CFX 
manager software detection system under Bio-Rad 
license. Relative quantification analysis determined the 
levels of expression of Genes Of Interest (GOI) and 
expressed it on the levels of a Reference Gene (RefG). 
Reference genes are genes whose expression level does 
not change which are commonly used for 
normalization of target genes expression. Beta actin 
was the reference gene and control group as calibrator 
in this work.  
 
Statistical analysis: The mRNA expressions of interest 
genes were normalized to the beta actin gene and 
quantified with the control group under the same 
conditions. The results of the definitive statistic were 
reported as mean ± SEM of fold changes. Statistical 
differences were evaluated using t-test analysis 
(Primer program version 3.02). A P value < 0.05 was 

considered as statistically significant. 
 
 
 

Results 

Inflammatory mediator gene expression: Evaluation of 
inflammatory mediator gene expression in mouse 
kidney tissues after intraperitoneum induced by Gr 2 
(Ds venom 0.5 µg/mouse), Gr 3 (PLA2 0.15 µg/mouse) 

and Gr 4 (MP 0.35 µg/mouse) for 30, 60, 120 and 240 
min exposure time. The mRNA expression in each 
group was compared with the negative control 
(normal saline, Gr 1). The sublethal doses of venom 
were used in this experiment (data not shown).  

The quantification of inflammatory mediator gene 
expression was revealed after 60 mins stimulus of Gr 2 
(Ds venom exposure). Most genes showed high-levels 

of expression at 60 mins post-exposure. The expression 
of the IL-2 and IL-10 levels achieved the highest at 60 
mins post-exposure and was maintained at this level 
until 120 mins post-exposure, then it slightly decreased 
to normal at 240 mins post-exposure.  Whereas the 

level of IFN and TNF was highly increased within 60 
mins post exposure and decreased to basal level at 120 
and 240 mins post-exposure, respectively. COX-2 
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expression was significantly down-regulated at 120 
mins post exposure induced by Ds venom (Gr 2) (Fig. 

1).  

 
 

Figure 1 The expression of inflammatory genes in kidney tissue induced by DsV (Gr 2).  

 (*) indicate significant difference between experimental and control groups (P  0.05). 
 

Gr 2 (PLA2 exposure) revealed IFN and IL-10 
significantly expressed at early 30 mins post exposure. 
At a dosage of 0.15 µg/mouse of PLA2 promoted a high 
level of all inflammatory mediator gene expression at 
60 mins and was slightly decreased within 240 mins 

post exposure. The expression level of IFN was the 

highest, followed by TNF and IL-10 which were as 
same as IL-2 gene expression, respectively. However, 
IL-2 was consistently prolonged at the same level until 
120 mins and suddenly dropped at 240 mins. COX-2 
expression was significantly up-regulated at 120 mins 
post exposure induced by PLA2 (Gr 3) (Fig. 2).  

 

 
 

Figure 2 The expression of inflammatory genes in kidney tissue induced by PLA2 (Gr 3) .  

 (*) indicate significant difference between experimental and control groups (P  0.05). 
 

The level of TNF mRNA expression was the 
highest at 60 mins post exposue induced by MP (Gr 4). 

The expression levels of IL-10 and IFN were 2.25 and 
2.62 fold, respectively. A high-level of IL-2; pro-
inflammatory gene appeared at 120 mins post exposue 

(Gr 4). However, the expression level of all genes 
decreased to normal at 240 mins post exposure. COX-2 
gene expression was within normal level in Gr 4 (Fig. 
3).  
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Figure 3 The expression of inflammatory genes in kidney tissue induced by MP (Gr 4).  

 (*) indicate significant difference between experimental and control groups (P  0.05). 
 

Discussion 

The inflammatory process is a normal 
physiological response to remove pathogens and 
restore homeostasis. During envenomation, the 
complex network of cytokine is responsive. Ds venom 
induces high levels and prolongs IL-2 pro-
inflammatory mediators, caused by tissue damage and 
regulator inflammation (Gao et al., 2017; Stremska et al., 

2017).  Similar to our results, acute inflammatory 
events that lead to tissue damage after snake 
envenomation, are mainly caused by increased IL-2. 
However, IL-2/anti-IL-2 complex can attenuate acute 
renal damage and improve renal recovery via Treg 
expansion which may be a therapeutic strategy for 
renal ischemia reperfusion injury (Kim et al., 2013). On 

the other hand, IL-2 may play an important role in T-
cell proliferation and the differentiation of Th1 and Th2 
effector cells (Luna et al., 2019). Incidentally, the 

expression of IL-2 in kidney tissue was not related to 
COX-2 function. IL-2 was significantly increased, 
whereas COX-2 was inhibited by Ds venom (Gr 2) at 

the same periods (Fig. 1). Increasing levels of IFN and 

TNF seem to support the inflammatory process of IL-
2. The expression level of IL-2 was significantly higher 
than IL-10 in a similar pattern. On the other hand, IL-

10 might have inhibited IFN and TNF at 120 mins 
causing an increase in IL-2 level (Kessler et al., 2017) or 

a balanced reaction of IL-2 for cell prevention. The 
increasing of IL-10 was reported to protect the patients 
after envenomation with various snake venom such as 
Daboia siamensis, Crotalus durissus terrifitus and Bothrops 
spp (Boda et al., 2018).  

PLA2 affects renal function through its ability to 
mediate inflammatory response causing cell lysis 
(Sitprija and Sitprija, 2012). It induces both pro- and 
anti-inflammatory cytokine linked to enzymatic and 
non-enzymatic activity (Boda et al., 2018). PLA2 

induced a pro-inflammatory response particularly 

IFN, TNF and IL-2 levels in Gr 3 in this study. This 

PLA2 enzyme might up-regulate a high level of IFN 

and TNF in the kidneys and spleens of mice (Yacoub 

et al., 2018). Ribeiro et al. (2014), reported that Crotalus 
durissus collilineatus venom induced high expression of 

both TNF and IFN in PBMC cells (Ribeiro et al., 2014) 

which was similar to PLA2 effect in this study. TNF 

and IFN might play an important role in host response 
to the venom and the immune response to infection 
after snake envenomation (Cruz et al., 2008). On the 

other hand, IL-10 was considered to be an anti-
inflammatory cytokine which inhibited pro-
inflammatory cytokines in various tissues (Cruz et al., 
2008; Ribeiro et al., 2014; Yacoub et al., 2018). In our 

study, the IL-10 profile correlated with the TNFα and 

IFN pattern on the same exposure timescale as their 
pro-inflammatory counterparts. It might play a 

balancing factor to TNFα and IFN after snake 
envenomation. This result supports the potential role 
of IL-10 in modulating an inflammatory response to 
prevent cell injury (Fernández and Kaski, 2002). 
Unfortunately, IL-10 did not affect levels of IL-2 in this 
study. Although decreasing the level of TNFα and 

IFN, the level of IL-2 stayed relatively high until 120 
mins, indicating that the inflammatory process has a 
continual progression (Fig. 2). Therefore, PLA2 enzyme 
may be dominant factor promoting inflammatory 
pathogenesis of Daboia siamensis venom.  

MP is a proteolytic enzyme which belongs to a zinc-
dependence enzyme. It plays a major role in the 
hemorrhagic event and is associated with the 
inflammatory response. It also activates the 
complementary system and release of various 
cytokines (Luchini et al., 2019). Imbalance of 

inflammatory mediators in the complement system 
leads to inflammatory diseases. Many studies have 
reported numerous inflammatory mediators such as 

IL-6, TNFα, IL-10, IL-1 and IL-1 induced by MP of 
Botrops sp. after 1 to 4 hours of injection 
(Mitrmoonpitak et al., 2013; Bernardes et al., 2015; Burin 

et al., 2018). Similar to our study, TNF significantly 

increased the expression following the first hour of 

IFN, IL-10 and IL-2. The expression of TNF and IFN 
declined slowly to baseline after 60 mins post-
exposure. However, the expression of the IL-10 was 
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still at a high level at 120 mins which, at the same 
period, was the highest expression of IL-2. The result 

indicated that IL-10 is able to modulate both TNF and 
IL-2 effects for balancing inflammatory events (Fig. 3). 

Cyclooxygenase-derived eicosanoids such as 
prostaglandins are involved in the inflammatory 
responses and play a major role in local tissue damage. 
There have been reports that PGE2 represented in 
snake venom-related inflammatory response causes 
COX-2 immuno suppression (Wanderley et al., 2014; 
Burin et al., 2018). PGE2 is also produced via a COX-2 

pathway after intraperitoneal injection of PLA2 from 
the Botrops asper venom in mice (Moreira et al., 2014). 
According to our results, the action of PLA2 from Ds 

venom is involved in the COX-2 pathway. COX-2 was 
significantly increased by PLA2 meanwhile it was 
down-regulated by Ds venom. In contrast, MP had no 

effect on COX-2 in kidney tissue (Fig. 3). The results 

indicated that the expression of IL-2 and IFN genes 
was related to COX-2 function induced by PLA2 
activities (Fig. 2). They may be mainly inducers for pro-
inflammatory cytokines cause local tissue damage. In 
contrast, Ds venom and MP effects on kidney injury 

were not involved in the COX-2 expression. Therefore, 
Ds venom, PLA2 and MP are enzymes that seem to 

involve the local myonecrosis, skin damage and 
inflammatory reaction (de Fátima Pereira Teixeira et 
al., 2005). These venoms can induce both anti- and pro- 

inflammatory mediator in kidney tissue. Our results 
indicated that pro-inflammatory cytokines were 
considered to be the prominent products induced by 
Ds venom. The anti-inflammatory; IL-10 had been 
increased to modulate the immunosuppressive effect 
which might be a reversible mechanism (Greenberg et 
al., 2015). The balancing system in kidney tissue 

between pro- and anti-inflammatory cytokines is a 
reversible mechanism after snakebite envenomation.  

In conclusion, the impact of Ds venom in terms of 

inflammatory activity was a profiled analysis of IL-10, 

IL-2, TNF and IFN in mouse kidney stimulation. The 
optimized time of cytokine mRNA expression in 
mouse kidney was 60 mins post-exposure. Ds venom 

and its components induce all cytokines, especially 
pro-inflammatory mediators which related to cell 
injury and immune response. PLA2 had a predominant 
enzyme effect on kidney tissue which was better than 
Ds and MP. Therefore, PLA2 inhibitors might relay 

toxicity and should be further investigated. 
Information on these toxins might help to understand 
the potential mechanisms that modulate kidney 
damage after snake envenoming as supportive 
information for inflammatory mediator gene 
expression. Anti-pro inflammatory cytokines, known 
as pro-inflammatory inhibitors, should be studied 
further for modulating inflammatory response to 
snake venom. Pro-inflammatory cytokine detected 
from serum of venom exposure host needs to be 
further investigated in order to fine some correlation to 
renal gene expression. 
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