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Abstract CKDu has been identified as a major public health issue in countries such as Sri Lanka, India and Nicaragua, 

which causes significant deaths per year. Significant similarities have been observed among these endemic nephropathies 

regardless of their geographical separation. Existing evidence favors a multi-factorial etiology, but research over the last few 

decades has failed to recognize the specific risk factors. Based on the geographical distribution that is unique and evidence of 

histopathological nature, it is speculated that CKDu is environmentally induced health problem. Hypothesis linking 

acetylcholinesterase (AChE) inhibiting organophosphate pesticides, metal-chelating glyophosate, agrochemicals, cadmium, 

arsenic, fluoride, hardness, and algae/cyanobacteria are considered as important factors in the etiology of CKDu. However, 

to date, no single geochemical parameter is shown to be directly related to the CKD etiology on the basis of the elements 

determined during research studies, and it is very likely that the unique hydrogeochemistry and microbiology of the drinking 

water is closely associated with the incidence of the disease in the endemic areas. The paper discuss understudied area of 

research is whether cyanotoxin formation from algal blooms may be a risk factor that contributes to CKDu in Sri Lanka as 

cyanotoxins in CKDu has been considered but not investigated.  
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INTRODUCTION 

 
Chronic Kidney Disease (CKD) is a global health 

problem and it identified as the 7th most common 

cause of death according to WHO (2012). The 

number of patients with CKD unknown etiology 

(CKDu) in Sri Lanka have increased alarmingly 

over recent decades in the dry zone of rural 

farming communities leading to national concern 

and urgent need for action as CKDu is a leading 

non-communicable disease, and cause of death 

(Eckardt et al. 2009). Existing evidence favors a 

multi-factorial etiology, but research over the last 

few decades has failed to recognize the specific 

risk factors. In research conducted to date, 

significant effort has been made to characterize 

CKDu in each of the endemic areas 

independently and through developing region-

specific hypotheses for the root causes using 

selected geographies. Theses hypotheses 

attributed CKDu to several environmental, 

genetic, behavioral, or occupational factors. 

Thus, causative factors and etiology of this 

chronic kidney disease is still considered 

uncertain or unknown and abbreviated as 

Chronic Kidney Disease of unknown etiology 

(CKDu). 

 

 

The Sri Lankan Context of CKDu 

 

Chronic Kidney Disease of unknown etiology 

(CKDu) has emerged as a significant contributor 

to the burden of chronic diseases in rural parts of 

Sri Lanka during the last three decades 

(Wanigasuriya 2012). CKDu is considered as a 

new form of chronic kidney disease which 

cannot be attributed to hypertension, diabetes, 

chronic glomerulonephritis or other known 

etiologies. The disease is slowly progressive, 

irreversible, and asymptomatic until late stages 

(Athuraliya et al. 2009). The disease burden is 

most prominent in the North Central Province 

(NCP) of Sri Lanka and has extended to two 

adjacent provinces namely, the Uva and the 

North Western Provinces (NWP). The 

community prevalence of CKDu in the NCP was 

reported as 16.9% in women and 12.9% in men, 

but the severe stages were seen more frequently 

in men (Jayatilake et al. 2013). Renal biopsies of 

CKDu patients have demonstrated a 

tubulointestitial damage suggestive of a toxic 

induced renal damage (Wijetunge et al. 2013). 

Currently in excess of more than 11,000 CKDu 

patients are receiving treatment and since 2010, 

there has been extensive research funded by the 
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national and international agencies including the 

World Health Organization (WHO), to determine 

population prevalence, risk factors, treatment 

strategies and socioeconomic impact 

(Wimalawansa 2016).  

Based on the geographical distribution that is 

unique and evidence of histopathological nature, 

it is speculated that CKDu is environmentally 

induced health problem (Wanigasuriya 2012). 

Two studies have assessed the presence of 

nephrotoxic mycotoxins, including ochratoxin A, 

in food and biological samples obtained from 

CKDu patients in the region and Japanese 

controls (Wanigasuriya 2012; Desalegn 2011). 

Association between potential exposure to 

acetylcholinesterase (AChE) inhibiting 

organophosphate pesticides with CKDu has been 

explored  (Wanigasuriya et al. 2007) and a 

hypothesis linking metal-chelating glyophosate 

with CKDu has been put forward (Jayasumana et 

al. 2014). A WHO study showed significantly 

higher urinary excretion of cadmium in 

individuals with CKDu, and the dose–effect 

relationship between urine cadmium 

concentration and CKDu stages (Jayatilake et al. 

2013). These findings suggest that cadmium 

exposure is a risk factor for the pathogensis of 

CKDu. Chronic exposure of people in the 

endemic area to low levels of cadmium was 

suggested to be through the food chain and 

exposure to pesticide. However, CKD patients 

from Sri Lanka do not show any indication of 

long-standing cadmium exposure (Piyathilaka et 

al. 2015). Therefore, it is questionable to 

consider cadmium as the root cause for CKD in 

Sri Lanka.  

Although evidence has emerged that drinking 

water may play a major role in the etiology of the 

disease, because CKDu occurs exclusively in 

settlements where groundwater is the main 

source of drinking water  (Chandrajith et al. 

2011) and it is more common among members of 

lower socio-economic strata, particularly the 

farmers (Athuraliya et al. 2009). Studies 

conducted so far have demonstrated nephrotoxic 

heavy metals including cadmium and arsenic not 

exceeding the WHO stipulated limits (Jayatilake 

et al. 2013; Wimalawansa 2016). It has been 

reported that fluoride levels in water consumed 

by CKDu patients in affected areas are above the 

limit recommended for tropical countries by the 

WHO (James et al. 2010). Wimalawansa (2016) 

documented that hydro-geochemistry of the 

CKDu affected areas are inundated with high 

levels of iron, fluoride, manganese, sodium, 

magnesium, and calcium levels in drinking 

water, which exceeds the standards of drinking 

water provided by the Sri Lanka Standard 

Institute (SLSI) and WHO. It is postulated that 

synergistic effect of fluoride and hardness of 

water is an important factor in the etiology of 

CKDu (Chandrajith et al. 2011; Wasana et al. 

2017). Although no single geochemical 

parameter is shown to be directly related to the 

CKD etiology on the basis of the elements 

determined during research studies, it is very 

likely that the unique hydrogeochemistry of the 

drinking water and microbial toxins are closely 

associated with the incidence of the disease in 

the endemic areas.  

Despite the presence of natural toxins 

including cynatoxins that causes CKDu being 

considered in research, they have not been 

adequately examined. One understudied area of 

research is whether cyanotoxin contaminated 

water is a risk factor that contributes to CKDu in 

Sri Lanka.  

 

Cyanobacteria and Cyanotoxins 

 

Global occurrences of cyanobacteria blooms in 

aquatic systems have increased over recent 

decades due to anthropogenic eutrophication 

(Manage et al. 2009; Paerl and Huisman 2008). 

In recent research studies conducted by the 

researcher identified cyanobacteria in 75% of 

freshwater bodies tested in CKDu endemic areas 

compared to 40% of freshwater bodies in CKDu 

non-endemic areas. Recent findings also reveal 

toxin-producing cyanobacteria (Microcytis 

aeruginosa, Cylindrospermopsis sp. and 

Anabaena sp.) in majority of drinking water 

reservoirs (Sethunga and Manage 2010). 

Additionally, surface and dug well water in 

CKDu-endemic areas significantly correlate 

between cell density of cyanobacteria and 

cyanotoxins (Manage et al. 2009). Many of the 

blooms are highly toxic, presenting a serious 

hazard to human and animal health. The most 

commonly occurring cyanotoxins are the peptide 

hepatotoxins; microcystins (MCs) and nodularins 

which are produced by many species of 

cyanobacteria (Idroos and Manage 2015; Manage 

et al. 2009). Cyanotoxins; microcystin (MCs), 

nodularin (NOD), and Cylindrospermorpsin 

(CYL) can result in severe progressive damage to 

organs such as liver and kidneys (nephrotoxins) 

following chronic exposure (Piyathilaka et al. 

2015). It has been documented that human 

exposure to toxins produced by freshwater 
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cyanobacteria (blue green algae) maybe a 

possible cause of the emerging renal disease 

(Piyathilaka et al. 2015).  

Jochimsen et al. (1998) indicate that except 

for the Brazil outbreak, there is a dearth of 

reliable statistics on the causalities of humans, 

aquatic and wild animals and birds due to toxins 

formed and blooms pertaining to cyanobacterial 

growth.  

Contact of contaminated water with MCs 

through swimming, bathing, swallowing or 

airborne droplets generated from nearby 

contaminated ponds or reservoirs could cause 

adverse health effects (Lawton et al. 1999). In 

addition, they are often present in the 

environment long after the cyanobacterial bloom 

has lysed (Manage et al. 1999, 2010; Sethunga 

and Manage 2010; Idroos et al. 2014). The 

occurrence of MCs are a serious health hazard 

and acute doses have been responsible for illness 

and fatalities in animals and humans which led 

the WHO to set a guideline limit of 1 μg/L 

microcystin-LR (MC-LR) as the maximum 

allowable concentration in drinking water (WHO 

1998). Moreover, chronic exposure has been 

associated with primary liver cancer in 

epidemiological studies (Fisher and Dietrich 

2000). Manage et al. (2009) recorded that the 

hepatotoxic effect of the Microcystis aeruginosa 

on Wister rats in vitro. In 2015, Manage and his 

research team recorded Microcystin-LR-induced 

cytotoxicity and apoptosis in human embryonic 

kidney and human kidney adenocarcinoma cell 

lines (Piyathilaka et al. 2015).  

MC produced by the cynobacteria has a stable 

chemical structure. Lawton et al. (1999) 

highlighted the failure of conventional water 

treatment processes such as coagulation, 

flocculation, filtration and disinfection by 

chlorination as well as heating up to 100˚C, in 

removing cyanotoxins from drinking water that 

comply with the WHO drinking water standards. 

Therefore, cyanotoxins have created a major 

challenge on conventional water treatment 

facilities. Thus, Manage (2012) highlighted that 

provision of uncontaminated drinking water is a 

vital factor to safeguard health of consumers in 

the long term. Given the increasing occurrence of 

toxigenic cyanobacteria surface and ground 

water in Sri Lanka, along with the increasing 

cases of CKDu, with no associated risk factor, 

there is a clear need to investigate any correlation 

between these. Cyanobacteria produce a supreme 

array of bioactive secondary metabolites, 

including alkaloids, polyketides and non-

ribosomal peptides considered as cyanotoxins 

(Nogueira et al. 2006). The toxic secondary 

metabolic compounds produced by cyanobacteria 

can affect organisms by causing health hazards to 

livestock and wildlife and even human 

intoxications have been documented (Giaramida 

et al. 2013). In addition, absorption of 

cyanotoxins via the root system of crops has also 

been recorded (Wijewickrama and Manage 

2017). 

 

Toxins producing cyanobacteria 

 

In addition to cell wall LPS endotoxins, research 

has indicated that there are few genera of 

cyanobacteria (out of more than 150) that could 

produce toxins. Further, it also has been 

discovered that production of toxins and the 

toxicity varies highly both within and between 

blooms and based on the time durations of a 

selected bloom. Secondary metabolites of 

cyanotoxins cause organ and tissue failures with 

the collapse of physiological system (Nogueira et 

al. 2006), is elaborated in Table 1. 

 

Human exposure of cyanotoxins via food 

intake 

 

Several routes of human exposure to cyanotoxins 

via food intake are: chronic and accidental 

ingestion of contaminated drinking water 

(Sethunga and Manage 2010); consumption of 

contaminated vegetables and fruits irrigated with 

water containing cyanotoxins; consumption of 

freshwater fish, shellfish, etc. (Abeysiri and 

Manage 2017; Wijerathne and Manage 2018) 

and edible plants (Wijewickrama and Manage 

2017) from contaminated waters; oral intake of 

cyanobacterial dietary supplements (if 

cyanotoxin levels are not controlled) and rice 

(Abeysiri, Wanigasuriya and Manage 2018a) 

where toxin has bio accumulated in tissues. Such 

diverse modes of exposure present a huge 

epidemiological  challenge.

.
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Table 1 Common genus of cyanobacteria and toxins produced by them 

Type of Cyanotoxin Responsible Cyanobacteria 

Neurotoxin 

Anatoxin-a, 

Homoantoxin-s 
Anabaena, Aphanizomenon, Oscillatoria 

Anatoxin-a(s) Anabaena, Oscillatoria (planktothrix) 

Saxitoxins Anabaena, Aphanizomenon, Lygbya, cylindrospermopsis 

Hepatotoxins 

Cylindrospermopsis Aphanizomenon, Umezakia, Cylindrospermopsis, 

Microcystins Anabaena, Aphanocapsa,  Nostoc, Hapalosiphon, 

MicrocystisOscillatoria, Planktothrix 

Nodularins Nodularia 

Dermal toxins/irritants 

Debromoaplysiatoxin, 

Lyngbyatoxin 
Lyngbya 

Aplysiatoxin Schizothrix 

Adopted and modified from Lankoff et al. (2004) 

Irrigation with Microcystin-LR (MC-LR) 

contaminated water poses a potential to 

accumulate MC-LR in plant tissues. A recent 

study showed that the grain samples of, O. sativa 

variants BG358 and leafy greens I. aquatica 

collected from paddy fields irrigated by the 

Padaviya tank water were contaminated with 

MC-LR (20.97±0.31 µg/kg) and (132.86±0.26 

µg/kg), respectively (Wijewickrama and Manage 

2017). It was found that the mean concentration 

of MC-LR in Padaviya water ranged between 50-

65 µg/l throughout the year. Further, high 

concentration of MC-LR was detected in 

laboratory grown, continuous Microcystis bloom 

exposed O. sativa, variants BG358 (567.52±4.88 

µg/kg) and leafy green I. aquatic (350.82±2.86 

µg/kg), respectively. The evaluated mean human 

health risk of the laboratory grown and field 

sample of O. sativa, variants BG358 was 

2.84±0.01 µg/kg and 0.10±0.01 µg/kg of body 

weight per day, respectively. The evaluated mean 

human health risk via the consumption of leafy 

greens I. aquatica grown in the laboratory and 

for the samples collected from the field was 

0.06±0.01 µg/kg and 0.03±0.01 µg/kg of body 

weight per day (Wijewickrama and Manage 

2017). In theses studes, it was found that the 

estimated values of the MC-LR were exceeded 

the Tolerable Daily Intake (TDI) of 0.04 µg/kg 

of body weight per day by the WHO (WHO 

2012) Thus, the results of the study revealed the 

possible bioaccumulation of MC-LR in some rice 

varieties and edible leafy greens. Thus, 

accumulation of cyanotoxin via food intake also 

is a significant pathway to the exposure of MC-

LR. 

Contamination of MC-LR in vertebrates as 

well as in invertebrates has been addressed in 

recent studies (Carneiro et al. 2015; Liang et al. 

2007). Around the world, there are occasions 

which had indicated that cichlid family, 

Oreochromis niloticus are considered as bio 

indicators. The hepatotoxic MC-LR affects the 

liver as the main targeting organ causing hepato-

carcinoma and cellular disruptions (Jos et al. 

2005). The presence and accumulation of MCs in 

different fish tissues have been reported by 

experimental and field studies. There are several 

reports on accumulation of MCs in liver 

(Malbrouck et al. 2003), gills (Malbrouck et al. 

2003), intestine, muscle (Chen et al. 2006) and 

brain (Cazenave et al. 2005) of Oreochromis 

niloticus which is the most popular protein 

source in most part of the CKDu prevalence area 

of the country suggesting the potential of MCs 

accumulation via food sources.  

Recent studies conducted by Wijeratne and 

Manage (2018) revealed that skin and flesh are 

the vulnerable parts of the accumulation of MCs 

in most of freshwater fish, suggesting that risk 

assessed is higher at consumption of those edible 

parts. Further, it has been mentioned that the 

balneation and ingestion are two different 

exposure routes of the MCs contaminations that 

enter the organisms’ body depend on the 
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exposure period. These areas of research have to 

be addressed in detail to explain the exposure 

pathways of MCs in human body. 

 

Cytotoxicity assessment of MC-LR 
 

The cytotoxicity and possible apoptotic effects of 

MC-LR on human embryonic kidney cell line 

(HEK-293) and human kidney adenocarcinoma 

cell line (ACHN) were evaluated by Piyathilaka 

et al. (2015), who exposed cells for 24 hrs to 

pure MC-LR (1.0–200 mM). The effect of MC-

LR on kidney cells were evaluated using 3-(4,5-

dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 

bromide (MTT) and sulphorhodamine B (SRB) 

cell viability assays. It was detected that all the 

toxins had a significantly higher cytotoxicity on 

normal kidney cells than on the kidney 

adenocarcinoma cells. Cell viability in both cell 

lines was significantly decreased after treatment 

with MC-LR at 50 mM for 24 hrs (p<0.001, One-

Way ANOVA). Furthermore, MC-LR had the 

lowest IC50 values while MC-LW had the highest 

IC50 values. Therefore, Piyathilaka et al. (2015) 

demonstrated that cyanotoxins could cause 

cytotoxic effects on kidney cells and the effect of 

MC-LR was greatest while MC-LW was least 

toxic cyanotoxin on both cell types tested. Other 

cyatotoxins; MC-RR, MC-LF and Nodularin 

showed moderate cytotoxicity on human renal 

cells.  

Further, using a One-Way ANOVA analysis, 

it was observed that cytotoxic effect of MC-LR 

on HEK-293 and ACHN cells were significant 

(p<0.001), which was assessed by SRB and MTT 

assays. The evaluated toxic effect showed dose 

dependent cytotoxicity in both cell lines (Figure 

1). Compared to ACHN cells, HEK-293 cells 

showed a significantly (p<0.001) lower IC50 

under the MTT assay (Figure 2). However, the 

SRB assay indicated higher values for HEK-293 

cells. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1 Comparative dose dependent cytotoxicity of MC-LR on HEK-293 (A) and ACHN (B) cell lines 

(Source: Piyathilaka et al. 2015) 

MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide) and SRB 

(Sulphorhodamine B) assays revealed a 

significant decrease in cell viability in both cell 

lines after treatment with MC-LR at 50 µM for 

24 h (p<0.001).  Moreover, MC-LR treated 

ACHN and HEK-293 cells exhibited a marked 

dose dependent loss of confluence as judged by 

phase contrast microscopy. Thus, the study 

provides direct evidence that MC-LR exposure 

can induce apoptosis related morphological 

changes, up regulation of the expression of Bax 

and p53 genes modulate expression of Survivin 

gene and increase activity of caspase 3 and 9 in 

Human embryonic Kidney (HEK-293) and 

Human kidney adenocarcinoma (ACHN) cells. 

Hence, Bax, p53, Survivin, caspase 3 and 9 are 

most likely to be involved in MC-LR induced 

cellular damage. Moreover, this study contributes 

to elucidate the toxicological mechanism 

underlying the effects of MC-LR on human 

kidneys (Piyathilaka et al. 2015).  
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Cytotoxicity assessment of cyanobacterial crude extract 

 

 

 

 

 

 

 

 

 

Fig 2 Viability of ACHN and HEK-293 cells exposed to different concentrations of cyanobacterial 

crude extract for 24 hrs assessed by SRB assay [A] and MTT assay [B]. Results are expressed as the 

mean percentage of three replicates relative to control ± standard deviation (p< 0.001) (Source: 

Piyathilaka et al. 2015) 

Detection of Microcystin-LR (MC-LR) and 

Cylindrospermopsin (CYN) in Human urine  

 

Measurements of MC-LR and CYN 

concentrations of urine can help in monitoring 

recent or long-term exposures through ingestion 

via drinking water sources (Greer et al. 2018). 

The occurrence of multiple cyanobacteria with 

elevated cyanotoxin concentrations CYN (1.0 ± 

0.01 to 5.3 ± 0.02 µgL-1) and MC-LR (1.0 ± 0.01 

to 7.6 ± 0.34 µgL-1)] in commonly used dug 

wells show that ingestion of well water is a likely 

source of cyanotoxin exposure.  Indeed, our 

ongoing study revealed a high concentration of 

CYN (100 ± 10 to 86×102 ± 260 µgL-1) and MC-

LR (100 ± 10 to 24×102 ± 120 µgL-1) in urine 

samples collected from 248 CKDu patients in the 

NCP, compared to control samples (72)  

 

Fig 3 Mean concentrations for Cylindrospermopsin (CYN) and Microcystin-LR   (MC- LR) in human 

urine samples in Padaviya – Bogaswewa 
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(below the detection limit 50 µgL-1) collected 

from Agunukolapallassa, a non-endemic area in 

the Southern Province (SP). Among samples 

(248) However, a regular assessment of water 

quality is needed, and should be connected with 

biomonitoring (e.g. in urine) of the potential 

MCs and CYN and evaluate their potential health 

effects (Calafat 2012).  

Agricultural practices, geographical 

characteristics, and contaminants in drinking 

water have been explored as likely causes for the 

etiology of CKDu by human biological studies, 

environmental studies and health mapping 

studies. However, although recorded data 

suggested that CKDu is a disease that may be 

caused by environmental factors, there is no 

conclusive study on it. Findings of Menezes et al. 

(2013) indicate that low doses of MC-LR induce 

nephrotoxic effects due to the exposure of 

kidneys in its toxin elimination function. The 

findings of a recent study of the author using 

normal kidney cells of a disease-free embryonic 

kidney indicate that MC-LR reduced 

significantly the survival of cells of both HEK-

293 and ACHN cell lines. Similarly, a significant 

reduction of cell viability was recorded by 

Alverca et al. (2009) when HEK-293 and ACHN 

cell lines were exposed to 30 mM MC-LR for the 

same incubation period. Li and Han (2012) and 

Zhang et al. (2011) reported that exposure of 

MC-LR at 50 and 500 nM for 24 h and at 10.05–

20.10 mM had significantly reduced the rat 

Sertoli cells. Morphological analysis indicated 

that this cellular damage of kidneys is due to the 

MC-LR-induced cytotoxicity. 

In conclusion, cell culture studies provide 

direct evidence that MC-LR exposure can induce 

apoptosis-related morphological changes, which 

are most likely to be involved in MC-LR-induced 

cellular damage. In-situ and in-vitro studies on 

accumulation MC-LR shows possible pathways 

to expose MC-LR via water, freshwater fish and 

aquatic green edible plants. It was detected that 

the estimated values of the MC-LR in O. sativa 

variants BG358 and Ipomea aquatica and 

Oreochromis niloticus were exceeded the 

Tolerable Daily Intake (TDI) of 0.04 µg/kg of 

body weight per day by the World Health 

Organization. elevated cyanotoxin concentrations 

Cylindrospermopsin (CYN) (1.0 ± 0.01 to 5.3 ± 

0.02 µgL-1) and Microcystin-LR (MC-LR) (1.0 ± 

0.01 to 7.6 ± 0.34 µgL-1)] in commonly used dug 

wells show that ingestion of well water is a likely 

source of cyanotoxin exposure. Recent ongoing 

study showed that high concentration of CYN 

and MC-LR in urine samples collected from 

CKDu patients in the North Central Province, 

compared to control samples (below the 

detection limit 50 µgL-1) collected from 

Agunukolapallassa, a non-endemic area in the 

Southern Province was correlated with the 

density of cyanobacteria, CYN and MC-LR 

detected in dug well which are being used for 

drinking purposes. The ongoing research chronic 

exposure of Cylindrospermopsin on Wister rat 

model have shown that increment of serum and 

urine creatine compare to the control group 

suggesting the chronic effect of MCs on Kidney. 

Future work that includes cyanotoxins as one 

potential risk factor in a global, multi-factorial 

study would help corroborate these research 

findings. Thus, recent studies contributed to 

elucidate the toxicological mechanism 

underlying the effects of MC-LR on the human 

kidney. Understanding the detailed toxicological 

role of MC-LR and CYN in apoptosis-related 

signaling pathways will require further 

investigations.  
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