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Abstract 

Hemodialysis is one of the therapeutic mode of renal failure. Our study aims to evaluate its effect on plasma level of protein 

modification markers and inflammatory markers in snake-bite mediated acute kidney injury (SAKI) patients. The plasma 

level of methylglyoxal, advanced oxidation protein products (AOPP), advanced glycation end products (AGE), and other 

protein modification markers and inflammatory markers-soluble receptor for AGE (sRAGE) and TGFβ1 were found to be 

significantly elevated in SAKI patients. Methylglyoxal and AOPP shows a decreasing pattern during first few sessions 

(p<0.05) but increases gradually thereafter. Plasma AGE and advanced lipid peroxidation end products (ALE) does not 

shows any significant variation whereas dityrosine, pentosidine and other protein medication markers were found to be 

increased across the dialysis session (p<0.05). Among the inflammatory makers sRAGE does not show any improvement but 

plasma TGFβ1 level were found to be significantly reduced (p<0.05) after hemodialysis. These findings suggest that 

although hemodialysis of SAKI patients improves some markers but fails to normalize other stress and inflammatory 

markers and during last session all except TGFβ1 level were found to be elevated compared to first hemodialysis session. 

Keywords: Snakebite induced acute kidney injury, Hemodialysis, Protein modification, Soluble receptor for advanced 

glycation end product, Transforming growth factor β1. 

 

Introduction  

WHO has recognized snake bite associated morbidity and mortality as one of the major neglected tropical 

disease (Warrell, 2010a). Mortality due to snake bite cannot be controlled by antivenom alone, without 

improving associated infrastructure required for supportive treatment. Acute kidney injury is one of the major 

clinical complication associated with snake envenomation, especially of vasculotoxic nature. 15% to as high as 

39.08% (Patil and Bansod, 2012; Dharod et al., 2013) snake bite victims die due to snake bite induced acute 

kidney injury (SAKI). Few SAKI cases are reversible as in patients with patchy cortical necrosis but according 

to WHO guideline (Warrell, 2010b) patients with diffuse cortical necrosis should be given regular maintenance 

dialysis. The guideline mentioned that dialysis should be given in presence of - (a) Clinical uraemia (b) Fluid 

overload (c) blood biochemistry, one or more of the following- creatinine >4 mg/dl, urea >130 mg/dl, potassium 

>7 mmol/l (or hyperkalaemic ECG changes) and symptomatic acidosis. Hemodialysis has been reported to 
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considerably improve outcome of patients suffering from SAKI in Burma (Aye et al., 2017) and Sri Lanka 

(Kularatne, 2003).  However, in practice the issue of dialysis in SAKI has to be critically appraised to improve 

the outcome from present statistics.  

In developing countries with more than 40% of the population below the International Poverty Line, 

hemodialysis is considered an expensive treatment. Hence, despite all controversies regarding reuse of the 

dialysis membrane, reused membrane is a practical and cost-effective compromise considering60% of world 

population is dependent on reused membranes (Dhrolia et al., 2014). However, the advantages do not outnumber 

the associated disadvantages. Higher mortality risk from symptoms other than hemodynamic complications is 

increasingly being associated with dialysis. Therefore, expanding thrust on dialysis membrane to its 

physiological effects as inflammatory or stress response to reuse of dialyzers are being reassessed.  Reuse 

efficiency of different types of membrane components (Rao et al, 2004), reagents for washing (Lacson et al, 

2011), high flux vs low flux membranes (Palmer et al, 2012), surface structure change (Batina et al, 2013) or 

relative efficiency for specific molecules (Yang et al, 2009) has been studied. However, these studies have 

focused on stress and inflammatory changes in chronic kidney disease patients on maintenance hemodialysis, 

there are no such reports on AKI patients undergoing hemodialysis to best of our knowledge. Though 

hemodialysis reportedly decreases creatinine level in SAKI patients whether it causes some other stress and/or 

inflammation, was not studied so far.  

Earlier we have reported elevated oxidative and carbonyl stress and associated protein damage in SAKI patients 

(Mukhopadhyay et al., 2016), in this work we have studied the variation in plasma level of carbonyl stress and 

associated protein modification markers and their downstream inflammation modulators among SAKI patients 

during successive hemodialysis session.  

Aims: To evaluate the effect of hemodialysis on plasma level of protein modification markers and inflammatory 

markers in snake-bite mediated acute kidney injury (SAKI) patients. 

Materials and Methods 

Sample Collection 

Blood sample were collected in heparinised vials from 36 normal healthy subjects, randomly selected with no 

proteinuria, diabetes or recent history of renal impairment. About 38 SAKI patients admitted in NRS Medical 

college were enrolled randomly who were undergoing hemodialysis (HD)  using a biocompatible polysulfone 

hollow-fiber dialyzer .Clinical histories and related biochemical investigation  of all patients were documented. 

The cause of acute renal failure was snake bite (serum creatinine concentration > 2.5mg/dl). In a sequence of 6 

consecutive HDcarried out on patients, whose blood sample were collected during the study period, it was 

observed that 38, 34,24,17,13, and 8 patients received 1st, 2nd,3rd,4th, 5th and 6th dialysis respectively.  Plasma 

was separated by centrifuging the heparinised blood at 5000 rpm for 5 minute and used for biochemical markers 

of carbonyl stress and associated protein damage. For immunological assay plasma samples of the patients 

collected prior to first haemodialysis session (n=42) and at the end of last dialysis(n=34) were used. Twelve 

healthy subjects were considered as a control group for the above immunoassaystudy.The study was approved 

by institutional ethical committee of N.R.S. Medical College & Hospital, Kolkata. 

2.2 Estimation of biochemical parameters  

Plasma concentrations of the following parameters of both normal and HD patients were estimated. MG was 

estimated spectrophotometrically, following Ghosh et al., (2006) method. AOPP was determined according to 
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the method of Witko-Sarsatet al. (1996), the result was expressed as µM Chloramin T equivalent. AGE (Münch 

et al., 1997), Pentosidine, advanced lipid peroxidation end products (ALE) (Menget al., 2000), dityrosine 

(Giulivi& Davies, 1993), argpyrimidine (Gomes et al., 2005)and fluorescent imidazolone-like product 

(Wittmann et al., 1999) were measured from plasma by spectrofluorometric technique after hundred times 

dilution with phosphate buffer saline (20mM, pH=7.4) and expressed as arbitrary unit/mg protein. Plasma 

protein and creatinine estimation were done by commercial kit according to manufacturer’s guidelines.Soluble 

receptor for AGE (sRAGE) and transforming growth factor β1 (TGFβ1) levels were detected by an enzyme-

linked immunosorbent assay (ELISA) kit (R&D, USA) according to manufacturer’s guideline.  

2.3 Statistical Analysis 

The results of different assays of HD patients and normal control were analyzed statistically and represented as 

mean±S.E using bar diagram. Oneway ANOVA followed by Tukey HSD post hoc analysis was performed to 

check any statistical difference, significance level was considered at p< 0.05.  

3. Result 

Hemodialysis,the preferred renal replacement therapy for SAKI, does not show any significant improvement of 

the studied markers of carbonyl stress (MG) and related protein modification markers (AOPP, AGE. dityrosine, 

pentosidine, ALE, argpyrimidine and protein imidazolone) (Figure 1a-h). Plasma MG level of SAKI patients 

was found to be increased by about 3.8 time (p<0.001) compared to healthy control. MG shows a decreasing 

pattern over first three sessions of HDthough insignificantly and remain significantly higher than control level 

(p<0.001).It starts increasing afterward and shows highest level during last session (about 4.5 times of control; 

p<0.001) (Figure 1a). Plasma AOPP was found to be elevated throughout HD session (p<0.001) compared to 

healthy control (figure 1b). The variation across HD session was found to be random and insignificant. The 

highest AOPP level was found during the third HD session (about 2.3 times of control) the mean AOPP level at 

sixth HD session was noted to be 1.93 times higher than the control. All the other protein modification markers, 

except argpyrimidine and imidazolone, shows insignificant but increasing pattern, though random, across the 

HD sessions (p<0.001). AGE and ALE remain elevated (about 1.6-1.9 times of control; p<0.001)) across HD 

session (Figure 1c and 1f). Pentosidine and dityrosine level shows similar pattern across HD session (Figure 1d 

and 1e). Their level shows minimal variation during first three session of HD but increases gradually thereafter 

(p<0.001) compared to control and predialysis level in SAKI patients. Their highest level was noted during 

terminal HD session (2 and 2.8 times of control respectively). Argpyrimidine and imidazolone shows gradual 

increasing pattern across HD session (p<0.05) (Figure 1g and 1h). Their highest concentration was noticed at 

sixth HD session which is about 1.25 and 1.75 times higher compared to predialysis level in SAKI patients 

(p<0.001). PlasmasRAGE, both pre and post dialysis were found to be significantly elevated compared to 

healthy control (p<0.001) and shows a similar increasing tendency as indicated by elevated post-dialysis 

sRAGE level, though insignificantly compared to pre-dialysis level in SAKI patients (Figure 2a). Plasma 

TGFβ1 level was also found to be significantly higher in both pre and post dialysis plasma sample compared to 

healthy control level (p<0.001). In contrast to all other parameters, TGFβ level were found to be significantly 

low in post-dialysis sample compared to pre-dialysis sample (p<0.001) (Figure 2b). 
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Figure 1: Bar diagram representing plasma levels of the studied stress and protein modification markers across 

the hemodialysis session. (a) Methylglyoxal (µM); (b) AOPP (µM Chloramine T equivalent); (c) AGE (AU/mg 

of protein); (d) ALE (AU/mg of protein); (e) Dityrosine (AU/mg of protein); (f) pentosidine (AU/mg of 

protein); (g) Argpyrimidine (AU/mg of protein) and (h) fluorescent imidazolone-like productfluorescent 

imidazolone-like product. Numbers 1
st
 – 6

th
 represent respective hemodialysis session, HC-Healthy control. 

 

Figure 2: Bar diagram representing plasma levels of inflammatory markers- (a) sRAGE (pg/ml) and (b) TGFβ1 

(ng/ml). Number in the parenthesis represents the respective sample size. 

4. Discussion 

Hemodialysis has been linked to secondary rise in inflammatory markers as polymorphonuclear leucocytes (Rao 

et al., 2004); CRP and IL-6 (Jofré et al., 2006)to stress markers as, serum lipid peroxidation (Velayeti et al., 

2016), which results from interaction with elevated reactive oxygen species. Treatment with antioxidants as 

Silymarin, a herbal medicine (Firuzi et al., 2016) or unfermented grape juice (Corredor et al., 2016) in dialysis 

patients have been proven beneficial. Stępniewska et al. (2016) have reported that the duration of renal 

replacement therapy significant changes platelet antioxidative enzymes activities and concentration of GSH, 
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leading to thrombotic complications. Gonzalez et al. (2015) have studied cardiovascular complication resulting 

from dialysis and have mention the role of advanced oxidation protein products (AOPPs) in this respect.  

Snakebite induced acute kidney injury has been associated with oxidative stress and carbonyl stress 

(Mukhopadhyay et al., 2016), which seem to be aggravated by dialysis. In the present study we have found 

significant increase in plasma MG level in SAKI patients. In consecutive dialysis MG level though reduces but 

does not return to the control value and remain higher during consecutive hemodialysis session. However, 

marked increase of MG in later stages of dialysis indicates that hemodialysis does not improve carbonyl stress 

marker level.  

AOPP belong to the compounds that could not only be exquisite marker of oxidative stressbut also active 

mediators of the improve the inflammation associated with the uremic state.  AOPP has been linked with 

dialysis related complications (Witko-Sarsatet al., 2003), which was elevated in SAKI patients receiving 

dialysis. AOPP level shows only a transitory dip at second dialysis (Figure 1b) but remain elevated thereafter in 

SAKI patients during the course of HD. This elevation in plasma AOPP during HD session may be attributed to 

neutrophil activation due tto dialysis membrane (Witko-Sarsatet al., 2003; Rao et al., 2004). MG along with 

other lipid peroxidation end products, viz. malondialdehyde, hydroxynonenoletc. also results in non-enzymatic 

glycation of proteinthrough Maillard reactionproducing AGE and ALEproducts (Miyata et al., 2000; 

Ramasamyet al., 2012). Both AGE and ALE and other fluorescent protein modification markers were found to 

be elevated at all stages of hemodialysis, representing the continuous presence of carbonyl and oxidative stress 

and inadequate removal of modified protein which is in accordance with other studies in this field (Agalou et al., 

2003) and may be attributed to adverse outcome in SAKI patients. 

In the downstream of AOPP and AGE, receptor for AGE (RAGE) and TGF β1 are well documented in the 

literature for their role in progression of renal impairment. Consistent with the rise of stress markers the 

inflammatory marker sRAGE rises after dialysis which is in accordance with other studies (Borazan et al., 2004; 

Jofré et al., 2006). However, TGFβ1 decreases after dialysis. TGF-β1, the anti-inflammatory cytokine and 

thekey driver of fibrosis, has been found to be depleted levels in hemodialysis patients as compared to normal 

population (Füth et al., 2004; Knerr et al., 2005). However, the constitutive production of it from monocyte is 

under the influence of several factors and should be studied in detain in relation to hemodialysis. 

Conclusion: The stress and inflammatory markers increase significantly even after hemodialysis in SAKI 

patients and the levels of some markers were remain unaltered and not affected by the sessions of hemodialysis. 

On going inflammatory cascade or hypercatabolic state may contribute. Single use dialyzer membrane or 

hemodiafiltration may show improvement but need more study. The level of these intrinsic toxins/markers may 

be monitored to check the efficacy of hemodialysis in SAKI patients. Uses of some potent antioxidants and 

carbonyl quenchers, such as N-acetyl cysteine which is known for their therapeutic potentials can also be 

considered for better outcome.  

Abbreviations 

AGE- advanced glycation end products, ALE- advanced lipid peroxidation end products, AOPP-advanced 

oxidation protein product, AKI- acute kidney injury, HD- hemodialysis, MG-methylglyoxal, SAKI-snake-bite 

mediated acute kidney injury, SE- standard error of mean. 
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