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Background: Kidney Disease of unknown etiology (CKDu) in Sri 

Lanka is not related to the diabetes-related kidney damage but the 

extensive contamination of groundwater by fluoride was one of the 

main suspected reasons for the crises. Therefore, the aim of this study 

was to determine the effect of fluoride on kidney cell viability with 

exposure to increasing concentrations of fluoride for different duration 

of time periods. 

Method: Kidneys from four weeks old mice were removed aseptically 

and cultured with α-MEM media supplemented with 10% fetal bovine 

serum (FBS) and 1% Penicillin / Streptomycin solution, overnight 

incubation at 370 C in a CO2 incubator. After 2 days, cells were 

divided into 0.5 × 106 cells / 25cm2 culture flasks and 1x104 cells/ 

well in 96-well plates. Culture flasks were treated with Sodium fluoride 

(NaF) at concentrations of 0.125, 0.25, 0.5, 1, 2, 4 and 8 mM for 12 hr 

and the viable cell number was calculated by trypan blue assay. Then 

96-well plates were exposed to same concentrations of NaF for 12 - 36 

hr and mitochondrial activity was evaluated by using 3-(4,5-

dimethylthiazol-2-y1)-2,5-diphenyl tetrazolium bromide (MTT) assay.  

Results: Renal cell damage was significantly decreased at 1, 2, 4 and 

8mM NaF concentrations compared to control group with 20.13%, 

28.5%, 30.88% and 38.45% respectively. The mitochondrial activity of 

renal cells showed a significant decrease at 8Mm NaF concentration 

after 12h. Moreover, by increasing the incubation time from 12 to 24h 

and 36h, the mitochondrial activity was further decreased at 2, 4 and 

8mM NaF at 24h and 0.5, 1, 2, 4 and 8Mm NaF at 36h with respect to 

control groups.  

Conclusion: Fluoride exposure resulted renal cell damage and 

concentration dependent decrease in mitochondrial activity with 

increased exposure time. 
Copy Right, IJAR, 2020,. All rights reserved. 

…………………………………………………………………………………………………….... 

Introduction:- 
Diabetes and hypertension are the major related clinical problems in the patients with chronic kidney disease (CKD), 

but in Sri Lanka, it was reported that CKD of unknown cause was associated with neither diabetes nor hypertension 

[1-3]. Therefore, it is designated as Chronic Kidney Disease of Unknown Etiology (CKDu) [4-6]. This disease 

involves slow, asymptomatic progressive kidney damage and nearly 80% of patients undergo total kidney failure 
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within 2 years following diagnosis. Lack of clinical symptoms until late stages makes diagnosis and treatment 

complicated. Therefore end-stage kidney disease usually ends with kidney dialysis or organ transplant for patients to 

survive [7]. According to the health statistics there are 2,000 CKDu related deaths annually [8] and number of 

patients increases nationwide throughout disease progression. Government requires spending high economic cost 

approximately 4% of the annual health budget for dialysis and other medications to the patients [9].  

 

The initiating causes of CKDu are highly variable and epidemiological studies reveal a number of risk factors for 

CKDu, such as high fluoride levels in water [10-11], soil-geochemistry [12] and environmental pollution [13]. The 

pathological characteristics of CKDu are tubulointerstitial damage, interstitial fibrosis and tubular atrophy [14-17]. 

However, no matter the cause, the progressive structural changes that occur in the kidney are characteristically 

unifying.  

 

The kidney is a highly energetic organ and rich in mitochondria [18-19]. The number of mitochondria distributed in 

cells varies greatly, ranging from ~16 in human germ cells to 100,000 in oocytes [20-21], depending on the distinct 

energy demands of the respective cells and energy is found mainly in the form of adenosine triphosphate (ATP) 

[19,22]. Tubular cells are engaged in many important cellular ion transport mechanisms consuming much energy 

and are having high metabolic rates enriched with rich in mitochondria [23-24]. Thus mitochondrial dysfunction in 

these functional cells plays a critical role in the kidney diseases [18] and renal disorders related to the mitochondrial 

cytopathies, have been recorded including proximal tubulopathy, proximal tubular acidosis with several symptoms 

like hypermagnesuria, proteinuria, nephrotic syndrome, tubulointerstitial nephritis and renal failure [22]. 

 

The number of living cells can be assessed by Trypan blue assay, a dye exclusion staining assay, which is based on 

entry of trypan blue dye into the dead cells. This concept can be used to assess the cell viability which is highly 

adopted by the cell membrane integrity, as viable cells are not permeable to this dye [25]. So the viable cell will 

have a clear cytoplasm whereas a nonviable cell will have a blue cytoplasm [26]. The mitochondrial activity in 

living cells can be evaluated by 3-(4,5-dimethylthiazol-2-y1)- 2,5-diphenyl tetrazolium bromide (MTT) assay which 

depends on the capacity of mitochondrial dehydrogenase activity in living cells to change over the yellow substrate 

MTT into a dull blue formazan [18,27]. This formazan formation can be quantified by spectrophotometrically and 

serves as an estimate of the activity of mitochondria [28-29] and hence the number of living cells in the sample [30]. 

 

Though there were many suspected etiological factors such as fluoride, heavy metals and agrochemicals for the 

disease with unknown etiology, no clear evidence or a mechanism has been proven the etiologies as well as assess 

the impact on renal cellular changes. Further, high content of fluoride has been reported in CKDu endemic areas 

[10,11,31]. Therefore, it was focused on fluoride, as one of the major suspected etiological factor due to a possible 

risk of damaging kidneys with a high exposure of fluoride as the kidneys are the major route of excretion of fluoride 

from the body [32-33]. Therefore, in this study we used 0.125, 0.25 and 0.5mM fluoride concentrations which were 

in the range of commonly reported high fluoride levels in CKDu endemic areas and 1, 2, 4 and 8mM fluoride 

concentrations to represent considerable high fluoride levels used in other fluoride base studies. 

 

Taken together, this study was designed to elucidate cell membrane integrity and mitochondrial activity by exposing 

murine renal cells to different concentrations of fluoride.  

 

Method:- 
Cell culture: 

Kidneys from four weeks-old male ICR mice (origin; Clea Japan, Inc.), purchased from Medical Research Institute, 

Sri Lanka were removed aseptically and washed with phosphate buffers saline (without Ca
2+

/Mg
2+

, with 1% Penicillin 

/ Streptomycin solution) (PBS, Sigma, St. Louis, USA) and alpha modified Minimum Essential medium (α-MEM, 

Gibco, Dublin, Ireland) supplemented with 1% Penicillin / Streptomycin solution (Sigma, St. Louis, USA). They were 

minced into 1mm pieces and digested with 0.1% collagenase Type I (Gibco, Dublin, Ireland) and 0.2% dispase II 

(Sigma, St. Louis, USA) at 37ºC for 20 minutes. The isolated cells were then collected by centrifugation at 4
0
C, 

1500rpm for 5 min and disseminated in alpha modified Minimum Essential medium (α-MEM) supplemented with 

10% fetal bovine serum (FBS, Gibco, Dublin, Ireland) and 1% Penicillin / Streptomycin solution. They were 

transferred into 75 cm
2
 culture flask and incubated at 37ºC in 5% CO2 and the medium was changed 2

nd
 day after 

seeding and subsequently on every 3
rd

 day. When the cell density reached approximately 80% confluence, media was 

removed and the adhering cells were washed with PBS without Ca
2+

/Mg
2+

. Three milliliter of Trypsin/EDTA solution 

(Gibco, Dublin, Ireland) was added to the culture flask and incubated for 4 min at 37°C to detach the cells. Once cells 
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have detached, the detached cell suspension was collected into a 50ml tube on ice which containing 3ml of FBS to 

inhibit further Trypsin activity. Furthermore cell layer was rinsed with PBS to dislodge any remaining adherent cells 

and total cell suspension was centrifuged at 1500rpm for 5 min at 4°C and cell pellet was resuspended with α -MEM 

medium (with 10% FBS and 1% Penicillin / Streptomycin solution). Finally, the cells were divided into two 

portions—one for the culture flasks and the other for the plates.  

 

Evaluation of viable cell count: 

Trypan blue (Sigma, St. Louis, USA) test was performed, in order to determine the number of viable cells present in a 

cell suspension based on their membrane integrity [26]. Cells were seeded in eight 25cm
2
 culture flasks at 0.5 × 10

6 

cells/25cm
2
 flasks with a total volume of 5ml of medium and incubated at 37

0
 C in a CO2 (5%) incubator. After 24 h, 

the medium was changed and one flask named as the control to which α -MEM media without Sodium fluoride (NaF, 

Sigma, St. Louis, USA) was added, and to the other flasks, α -MEM media containing NaF at final concentrations of 

0.125, 0.25, 0.5, 1, 2, 4 and 8 mM were added as test groups for further 24 h of incubation at 37
0
 C in 5%CO2. 

Following 24 h incubation, the cells in each culture flask were rinsed twice in PBS without Ca
2+

/Mg
2+

, trypsinized for 

4 min with 3 ml of trypsin-EDTA solution at 37
0
 C and cell suspension was collected into a 50ml tube on ice which 

containing 3ml of FBS. Then the flask was again washed with PBS and total cell suspension was centrifuged at 

1500rpm for 5 min at 4°C. Cell pellet was resuspended with 1ml of PBS and the viable cell number was calculated by 

trypan blue exclusion assay using haemocytometer. Ten microliter of 0.4% trypan blue and 90µl cell suspension were 

mixed well and kept for 5 min before loading into the hemacytometer. Ten microliter of cells from each mixture was 

loaded to the hemacytometer and total number of viable (unstained) and dead cells (stained) were recorded using a 

microscope. This was repeated three times and the percentages of viable cells were calculated as follow: 

                                                                     

 

Evaluation of activity of mitochondria: 

Further mitochondrial activity was evaluated by using MTT (Sigma, St. Louis, USA) assay with some modifications 

[27].  In brief, three 96 well plates, each with 8 replicates with 6 wells per group at a density of 1 x 10
4
 cells/100 μl α -

MEM media/well were incubated overnight at 37
0
C in a CO2 (5%) incubator. In each plate, first group served as 

control and treated with α -MEM medium alone. Rest of the seven groups were treated with α -MEM media 

containing NaF at final concentrations of 0.125, 0.25, 0.5, 1, 2, 4 and 8 mM. Plates were incubated for different 

incubation periods of 12, 24 and 36 hr at 37
0 

C in a 5% CO2. At the end of respective incubation periods, the media 

were removed completely and 10µl of MTT dye (5 mg/ml) was added to the each well and the plates were incubated 

again at 37
0
C in a 5% CO2. After 4 hr, 100µl of 100% Dimethyl sulfoxide (DMSO, Sigma, St. Louis, USA) was 

added to all the wells and left for 10 min at room temperature, the optical density (OD) in each well was detected at 

570 nm by using ELISA plate reader (Human ELISA Reader, Germany). The percentage cell viability was calculated 

as follow: 

                                                       

 

Statistical analysis: 

All the data were presented as mean ± S.D and analyzed using one-way analysis of variance (ANOVA) and Fisher’s 

multiple comparison tests. Results were declared significant at p<0.05 

 

Results:- 
Fluoride induce concentration dependent renal cell damage: 

Cell membrane integrity is a basic criterion for distinguishing dead cells from live cells [34]. Therefore we have first 

assessed whether fluoride exposure induce any renal cell damages by using Trypan blue exclusion staining which 

measures membrane integrity by assessing the number of cells that will allow trypan blue to enter the cell interior. 

The renal cell damage was measured for the different concentrations of fluoride for 24h and resulted a significant 

decrease at 1, 2, 4 and 8mM concentrations (20.13%, 28.5%, 30.88% and 38.45% respectively) compared to control 

group. These findings confirmed that the fluoride exposure experience renal cell damage and the cell number decrease 

in a dose-dependent manner. The results obtained were summarized in Figure 1. 
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Figure 1:- Relationship between percentage of cell viability and fluoride concentrations (0.125, 0.25, 0.5, 1, 2, 4 and 

8 mM) of renal cells after 24 h, assessed by Trypan blue exclusion assays. Data are expressed as mean ± S.D, 

*p<0.05 vs control. 

 

Increased NaF concentrations result in reduced mitochondrial activity in murinae renal cells: 

We next used MTT assay to determine viable cells at each concentration levels based on the mitochondrial activity 

[Figure 2]. This resulted in a concentration-dependent decrease in mitochondrial activity in renal cells as a proxy for 

cell viability and further, cells treated with 8mM NaF, started to cause a significant decrease (17.52%) in 

mitochondrial activity at 12h compared to control group [Figure 2A]. 

 

Increased incubation times reduce further the activity of mitochondria in murine renal cells: 

Further the experiment was carried out to determine cell viability changes with respect to mitochondrial activity at 

each concentration levels with increased exposure time. By increasing the incubation time from 12 to 36h, the 

mitochondrial activity of renal cells were decreased significantly at 2, 4 and 8mM (16.24%, 23.35% and 26.59% 

respectively) at 24h (Figure 2B) and 0.5, 1, 2, 4 and 8mM (13.52%, 14.41%, 21.29%, 25.92% and 28.94% 

respectively) at 36h of exposure [Figure 2C] in comparison with their respective control groups. 
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B) 

 

 
 

 

C) 

 
Figure 2:- Effects of fluoride on the activity of mitochondria in murinae renal cell. Cell were exposed with 

increasing concentrations of NaF(0.125, 0.25, 0.5, 1, 2, 4 and 8 mM) for different incubation times A) 12hr (B) 24hr 

and (C) 36hr. The activity of mitochondria in renal cells expressed as the optical density (OD) values at 570nm and 

% cell viability compared to control. Data are expressed as mean S.D., N = 6. *p<0.05 vs control. 
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Discussion:- 
Many studies have shown that the effect of fluoride at the cellular level [35] and this action depends upon the cell 

type, dose and time period of exposure [36-38]. In this study, we investigated the renal cell damage induced by 

different concentrations of fluoride and its concentration and time-effect on mitochondrial activity in murine renal 

cells.  

 

Initially, the cell damage was evaluated by Trypan blue assay which is associated with cell membrane integrity and 

confirmed that the fluoride administration induced renal cell damage. Some studies have revealed that exposure to 

fluoride can have an effect on the kidneys including other tissues like muscle, liver, reproductive and endocrine 

organs by causing impairment of soft tissues [32,33,38,39]. The kidney serves as the main organ for fluoride 

excretion from the body [40-41] and due to its role for fluoride elimination; hence proper functioning of the kidney 

is vulnerable to fluoride toxicity [42]. Numerous animal studies have reported different biochemical and 

histopathological changes taking place in the kidney following administration of various doses of fluoride. In pigs, 

exposure to 100 and 250 mg F/kg for 50 days have induced severe renal histological changes as well as increased 

renal cell apoptosis along with elevated levels of lactate dehydrogenenase activity, urea nitrogen and creatinine 

levels and decreased alkaline phosphatase activity [42]. In domestic chicken, high uric acid levels were observed 

after treatment with 10, 20 and 30 μg/g body weight of NaF for 4 weeks [33]. Basha et al [32] also reported that 

exposure to sodium fluoride for longer period results in necrosis in glomerules, Convolated tubules and bowman’s 

capsule lumen in rat kidney.    

 

Cell viability was assessed by MTT assay of which the absorbance is directly proportional to the activity of 

mitochondrial dehydrogenases enzyme as well as cell viability [25]. As tested by MTT, a loss of mitochondrial 

activity was observed in NaF treated cells with increasing of fluoride concentrations when compared with that of 

control group. At greater concentrations for a shorter period (8mM, 12h), fluoride induced a significant 

concentration-dependent change in mitochondrial activity and for long term of exposure (24 and 36h), the lower 

concentrations may also result in a significant reduction in mitochondrial activity which was accompanied by a 

significant decrease in the cell number.  

 

Mitochondria are the powerhouse of the cell, and are also the major source and target of reactive oxygen species 

(ROS) due to the presence of the electron transport chain within the mitochondrial inner membrane. In addition, 

mitochondrial DNA is more susceptible to oxidative damage than nuclear DNA due to lack of introns and protective 

histones [43]. Moreover oxidative stress is a well accepted mode of fluoride intoxication in many tissues and organs 

[36-37] and experimental evidence has indicated that exposure to fluoride results in oxidative stress both in vitro and 

in vivo in soft tissues such as liver [44-46], kidney [46-47], testicle [48], heart [49] etc. The increased oxidative 

stress is in part attributed to the dysfunctional mitochondria result in increased electron leakage from the respiratory 

chain during oxidative phosphorylation with a consequent generation of ROS. Kidney relies mainly on 

oxidativephosphorylation to provide the bulk of its energy requirements in the form of ATP for the process of 

tubular reabsorption [50]. Many studies have shown that fluoride clearly damages the kidney at higher 

concentrations [42,51,52] and according to Zhan [42], fluoride induced various degrees of damage to the 

architecture of proximal tubular epithelia including mitochondria. Cittanova et al [52], suggested that the 

mitochondria is a target for fluoride toxicity in human kidney cells due to mitochondrial abnormalities at different 

fluoride exposure levels. Moreover, Anuradha et al [53] showed that one of the sites of fluoride action in the kidney 

cells was the mitochondria via increasing oxidative stress and resulting in apoptosis. These findings also clearly 

demonstrated that oxidative damage is one of the mechanisms of fluoride-induced renal lesions and dysfunctions. 

However, further studies are needed to confirm the fluoride induced renal cell mitochondrial damage, and the 

prevention of these cellular lesions at grass root level will be the specific treatment through endogenous or western 

medicine for the renal tubulopathy in CKDu.  

 

Conclusion:- 
Fluoride induced a dose and time dependent manner renal cell damage and decreased mitochondrial activity 

suggests the functional impairment of mitochondria and it could be in future a valuable pharmacological target for 

patients with CKDu to prevent and slow-down the progression of the disease. 
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Abbreviations: 

CKD: Chronic kidney disease; CKDu: Chronic kidney disease of unknown etiology; ATP: Adenosine triphosphate; 

MTT: 3-(4,5-dimethylthiazol-2-y1)- 2,5-diphenyl tetrazolium bromide; PBS: Phosphate buffers saline; α-MEM: 

Alpha modified Minimum Essential medium; FBS: Fetal bovine serum; NaF: Sodium fluoride; ELISA: Enzyme-

linked immunosorbent assay; DMSO: Dimethyl sulfoxide; ANOVA: Analysis of variance; ROS: Reactive oxygen 

species;         
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