
 
ABSTRACT
Arsenic contamination is a major global health concern, primarily due to its presence in drinking water from natural and industrial 
sources. Chronic arsenic exposure is associated with severe toxicity, particularly affecting the kidneys, which serve as a major site 
for arsenic accumulation and excretion. While the nephrotoxic effects of heavy metals such as cadmium, lead, and mercury are well-
documented, arsenic-induced kidney toxicity remains less understood. Kidney Injury Molecule-1 (KIM-1) is a highly specific and 
non-invasive biomarker for renal injury, making it a valuable tool for assessing arsenic-induced nephrotoxicity. This study investigates 
the toxic effects of sodium meta-arsenate on human kidney ACHN cells by evaluating cytotoxicity and relative KIM-1 gene expression. 
ACHN cells were treated with 20 µM and 30 µM sodium meta-arsenate for 24 hours. Cytotoxicity was assessed microscopically 
and spectrophotometrically using the Crystal Violet assay, while KIM-1 gene expression was analyzed to determine arsenic-induced 
renal injury. The results demonstrated cytopathic effects in arsenic-treated cells. Gene expression analysis revealed that arsenic exerts 
a dose-dependent toxic effect on human kidney cells, as reflected by cytotoxicity and alterations in KIM-1 expression. This study 
highlights the significance of KIM-1 as a potential biomarker for arsenic-related kidney damage and underscores the need for further 
research into the molecular mechanisms underlying arsenic toxicity.
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INTRODUCTION

Arsenic contamination remains a critical global health 
concern, primarily due to its widespread presence in 
groundwater used for drinking and agriculture (Levin 
et al., 2025; Rai et al., 2023). Chronic exposure to 
inorganic arsenic, particularly through contaminated water 
sources, has been linked to a spectrum of adverse health 
outcomes, including carcinogenesis, cardiovascular disease, 
neurotoxicity, and nephrotoxicity (Ganie et al., 2023; Joardar 
et al., 2021). The kidneys, as primary organs for arsenic 
accumulation and excretion, are especially vulnerable to its 
toxic effects (Khaleda et al., 2025; Liu et al., 2021). While 
the nephrotoxic profiles of heavy metals such as cadmium, 
lead, and mercury have been extensively characterized, the 
molecular mechanisms underlying arsenic-induced renal 
injury remain comparatively underexplored (Mishra et al., 
2022).
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Previous studies also suggests that arsenic compounds 
disrupt mitochondrial function, induce oxidative stress, 
and impair autophagic and mitophagic pathways in renal 
tubular cells (Wan et al., 2021; Li et al., 2022). However, 
the identification of sensitive and specific biomarkers for 
early detection of arsenic-induced nephrotoxicity is still 
evolving. Traditional markers such as serum creatinine and 
blood urea nitrogen (BUN) often fail to detect subclinical 
or early-stage renal damage (Griffin et al., 2019; Vaidya et 
al., 2008).

Kidney Injury Molecule-1 (KIM-1) has emerged as a 
promising biomarker for proximal tubular injury due to 
its high specificity and early upregulation in response to 
nephrotoxic insults (Ichimura et al., 2004; Jana et al., 2022). 
KIM-1 is minimally expressed in healthy renal tissue but is 
markedly elevated in both urine and tissue following toxic 
or ischemic injury. Elevated urinary KIM-1 levels have been 
reported in populations exposed to environmental arsenic, 
suggesting its potential utility in detecting early, subclinical 
renal damage (Karmakova et al., 2021; Baro et al., 2025). 
Although several in vivo studies have demonstrated 
arsenic-induced nephrotoxicity and the involvement of 



mitochondrial and oxidative stress pathways, there is a lack 
of in vitro data specifically evaluating the dose-dependent 
cytotoxicity of sodium meta-arsenate and its impact on 
KIM-1 gene expression in human renal epithelial cells 
(Ramadan et al., 2022; Song et al., 2025). Moreover, the 
mechanistic link between arsenic-induced cellular injury 
and KIM-1 upregulation remains insufficiently defined in 
human cell models.

To address this gap, the present study investigates the 
cytotoxic and molecular effects of sodium meta-arsenate on 
human renal ACHN cells. By employing both microscopic 
and spectrophotometric cytotoxicity assays and quantitative 
gene expression analysis of KIM-1, this study aims to 
elucidate the dose-dependent relationship between arsenic 
exposure and renal epithelial injury. The findings are 
expected to enhance our understanding of arsenic-induced 
nephrotoxicity and support the validation of KIM-1 as a 
sensitive and early biomarker for arsenic-related kidney 
damage. This work may also contribute to the development 
of improved screening tools for environmental nephrotoxins 
and inform public health strategies in arsenic-endemic 
regions.

MATERIAL AND METHODS

Cell Culture: Human renal adenocarcinoma (ACHN) cells, 
originally derived from a metastatic renal carcinoma, were 
obtained from the National Centre for Cell Science (NCCS), 
Pune. Culturing of cells have been done as per the procedure 
of Pal et al. (2017). Cells were maintained in Dulbecco’s 
Modified Eagle Medium (DMEM) supplemented with 
10% heat-inactivated fetal bovine serum (FBS), sodium 
bicarbonate, and antibiotics. Cultures were grown in a 
humidified incubator at 37 °C with 5% CO₂ and subcultured 
twice weekly upon reaching 10–90% confluency.

Cytotoxicity Assay: Cytotoxicity was evaluated using 
the Crystal Violet assay as per protocol of Saotome et al. 
(1989). ACHN cells were seeded in 96-well plates and 
treated with 20 µM and 30 µM sodium meta-arsenate for 24 
hours. Following treatment, cells were fixed with methanol 
and stained with 0.2% crystal violet in 20% methanol. 
Excess dye was washed off with water, and bound dye 
was solubilized using Sorenson’s buffer. Absorbance was 
measured at 540 nm using a spectrophotometer to determine 
cell viability.

RNA Isolation: Total RNA was extracted using TRIzol 
reagent as per the protocol of Rio et al. (2010). Briefly, 
cells were homogenized and lysed in TRIzol, followed 
by chloroform extraction and isopropanol precipitation. 
The RNA pellet was washed with 75% ethanol, air-dried, 
and resuspended in DEPC-treated water. RNA quality and 
concentration were determined spectrophotometrically at 
A260/280.

cDNA Synthesis and Real-Time RT-PCR: Reverse 
transcription of RNA into cDNA was performed as per the 
procedure of Carlini et al. (2010). The reaction included 
random primers and MultiScribe™ Reverse Transcriptase 
in a total volume of 20 µL. The thermal profile included 

incubation at 25 °C for 10 min, 37 °C for 120 min, 
and 85 °C for 5 min, followed by a hold at 4 °C. Gene 
expression was quantified by real-time PCR using TaqMan 
primer probes and master mix on a StepOnePlus™ Real-
Time PCR System. GAPDH was used as the endogenous 
control. The thermal cycling conditions were 50 °C for 
2 min, 95 °C for 10 min, followed by 40 cycles of 95 °C 
for 15 sec and 60 °C for 1 min. All samples were run in 
triplicate, and relative expression levels were calculated 
using the 2^–ΔCT method.

RESULTS 

Cytopathic Effect: ACHN cell lines were cultured in 
DMEM supplemented with 10% fetal bovine serum 
(FBS). After 24 hours of incubation at 37 °C in a 5% 
CO2 atmosphere, the cells reached 80% confluence in the 
culture flask. Following this, the cells were treated with 
sodium meta-arsenate (NaAsO3) at concentrations of 20 
µM and 30 µM, respectively. After another 24 hours, the 
cells were observed for cytopathic effects under an inverted 
microscope. In the control, healthy cells were visible. In 
the cells treated with 20 µM and 30 µM, cytopathic effects 
were observed. In the 30 µM, most cells were lysed, and 
the surviving cells appeared rounded and were mostly 
detached from the surface of the flask. In contrast, the 20 
µM treatment showed some cytopathic effects, but to a 
lesser extent than the 30 µM treatment. Even at 20 µM, the 
morphology of the cells had altered compared to the control 
group. The number of living cells was also significantly 
lower in the 30 µM and 20 µM treated wells compared 
to the control.  Figure 1 illustrates the cell morphology 
in the control and those treated with 20 µM and 30 µM 
sodium meta-arsenate, respectively. The arrows indicate 
the rounded dead cells.

Figure Photomicrographs of ACHN cell lines exposed to 
Sodium meta-arsenate (NaAsO3): (A) Control; (B) 20μM 
NaAsO3; (C) 30 μM NaAsO3

S.No. Concentration of O.D. at 540 nm
 NaAsO3 Mean± SEM

1. Control 2.44925±0.437124
2. 20µM 2.2605±0.013211***
3. 30µM 1.832±0.027057***

Table 1. Optical density of ACHN cells treated with sodium 
meta-arsenate (NaAsO₃) measured at 540nm: Data are 
presented as mean ± SEM.***p < 0.001 compared to control.

Khan

 103 EVALUATING KIM-1 AS A BIOMARKER FOR ARSENIC-INDUCED  BIOSCIENCE BIOTECHNOLOGY RESEARCH COMMUNICATIONS



Khan

Crystal Violet Assay for Cell Viability: To determine the 
cytotoxic effects of sodium meta-arsenate on ACHN cells, 
a crystal violet staining assay was performed. Following 
microscopic observation, treated and control cells were 
stained, and optical density (O.D.) was measured at 540 
nm to quantify the number of viable, adherent cells.As 
shown in Table 1, arsenic treatment significantly reduced 
cell viability in a dose-dependent manner. The mean O.D. 
value for the untreated control group was 2.449 ± 0.437, 
whereas cells treated with 20 µM and 30 µM sodium meta-
arsenate showed significantly reduced O.D. values of 2.261 
± 0.013 and 1.832 ± 0.027, respectively (p < 0.001 for both 
compared to control).

Figure2. Crystal violet-stained ACHN cells: (A) Control, (B) 
20 µM NaAsO₃, and (C) 30 µM NaAsO₃.Reduced staining 
indicates decreased cell viability with increasing dose.

Figure 4: Effect of sodium meta-arsenate (NaAsO3) on KIM-1 
gene expression in ACHN cells. Concentration v/s Relative 
fold change in KIM-1 gene expression. Error bars represent 
standard deviation (n=3).

These reductions in optical density reflect a significant loss 
of adherent, viable cells following arsenic exposure. This 
trend is visually supported by Figure 2, which displays the 
stained wells: (1) control cells with dense crystal violet 
staining, (2) cells treated with 30 µM, and (3) cells treated 
with 20 µM sodium meta-arsenate (NaAsO3), showing 
noticeably reduced cell density and dye retention. The 
corresponding Figure 3 illustrates the percentage of cell 
viability relative to the untreated control group, further 
confirming the dose-dependent cytotoxic effect of sodium 
meta-arsenate in treated groups.

Gene expression studies: Quantitative real-time PCR 
(qRT-PCR) was performed to assess the expression of 
KIM-1 in ACHN cells following treatment with sodium 
meta-arsenate (NaAsO3) at concentrations of 20 µM and 
30 µM. Expression levels were normalized to GAPDH, and 
relative fold changes were calculated using the 2^(-ΔΔCt) 
method with the control group as reference.

As shown in Table 2 and Figure 4, KIM-1 expression 
increased in a dose-dependent manner in response to 
NaAsO3 treatment. At 20 µM, the ΔCt value decreased to 
10.599, corresponding to a ΔΔCt of –0.8052 and a 1.75-fold 
increase in KIM-1 expression compared to control. A further 
decrease in ΔCt was observed at 30 µM (ΔCt = 10.5518), 
resulting in a ΔΔCt of –0.8524 and a 1.80-fold increase. 
These results indicate that NaAsO₂ induces upregulation of 
KIM-1 expression in ACHN cells, suggesting a potential 
role in arsenic-induced cellular response.

Concentrations GAPDH KIM-1 ΔCt ΔΔCt Fold
 (Ct) (Ct)   Change

Control 16.6149 28.0191 11.4042 0 (reference) 1
20 µM NaAsO3 14.5119 25.1109 10.599 -0.8052 1.75
30 µM NaAsO3 14.3836 24.9354 10.5518 -0.8524 1.8

Table 2: Relative Expression of KIM-1 Normalized to GAPDH in Response 
to Sodium Arsenate (NaAsO₂) Treatment. ΔCt, ΔΔCt, and fold change were 
calculated using the 2^(-ΔΔCt) method relative to the control.

Figure 3. Cell viability of ACHN cells after sodium meta-
arsenate treatment. ACHN cells were treated with 20 µM 
and 30 µM NaAsO₃ for 24 hours. Cell viability was measured 
by crystal violet assay and expressed as a percentage of 
control. Data represent mean ± SEM (***p < 0.001 vs. 
control).
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DISCUSSION

Arsenic, a metalloid, is a naturally occurring environmental 
contaminant to which humans are frequently exposed 
through food, water, air, and soil. Approximately 200 
million people worldwide have been exposed to high levels 
of arsenic in groundwater, particularly in regions of Mexico, 
the United States, and China (Podgorski and Berg, 2020). 
In some areas, such as parts of Taiwan and Bangladesh, 
arsenic concentrations have reached as high as 3,000 ppb 
(IARC, 2012). In India, significant examples of arsenic 
contamination can be found in Bihar, West Bengal, and 
various coastal regions, where it is estimated that nearly 
230 million people have been drinking water contaminated 
with arsenic (Mondal et al., 2021; Banerjee et al., 2023; 
Biswas et al., 2023). The World Health Organization (WHO) 
recommends a limit of 10 μg/L for arsenic in drinking water 
(WHO, 2001), yet concentrations ranging from 50 to 3,200 
μg/L have been reported (Sadee et al., 2025).

In our research, we investigated the cytotoxicity and 
molecular effects of sodium meta-arsenate (NaAsO3) 
on ACHN cells, a human renal carcinoma cell line. Our 
findings indicate that acute arsenic exposure (over 24 hours) 
leads to significant cytopathic changes, reduces cell viability 
in a dose-dependent manner, and upregulates KIM-1, a 
biomarker associated with early kidney injury and stress 
response. These results are consistent with those of Wei 
et al. (2022), who demonstrated that kidney-derived CAK 
cells from Cromileptes altivelis exhibit dose-dependent 
cytotoxicity when exposed to heavy metals like mercury, 
cadmium, and copper. Similarly, our study found that acute 
arsenic exposure induces notable cytopathic effects and 
decreases cell viability in a dose-dependent manner.

Additionally, we observed morphological changes in ACHN 
cells after treatment with NaAsO3, revealing progressive 
alterations. Cells treated with 20 μM exhibited early signs 
of cytopathic effects, including partial detachment and 
rounding. At 30 μM, these effects intensified, leading to 
widespread cell lysis and loss of adherence, indicating 
that NaAsO3 induces severe structural damage to renal 
epithelial cells. These qualitative findings are supported by 
de Almeida et al. (2023), who reported that alkylphenols 
caused dose-dependent cytotoxicity and structural damage 
in RTG-2 cells, marked by compromised membranes 
and oxidative stress. Notably, the optical density values 
decreased significantly at both 20 μM and 30 μM 
concentrations, suggesting substantial cytotoxicity. This 
aligns with prior studies indicating that arsenic exposure 
leads to cellular stress, mitochondrial dysfunction, and 
apoptosis in various renal and epithelial cell types (Cantoni 
et al., 2022; Liu et al., 2023).

The structural alterations we observed were accompanied 
by decreased cell viability and upregulation of KIM-1, a 
marker of early kidney injury. Molecular analysis revealed 
that KIM-1 expression significantly increased in response to 
arsenic exposure. The 2^(-ΔΔCt) analysis showed a 1.75-
fold increase at 20 μM and a 1.80-fold increase at 30 μM, 
indicating a dose-responsive activation of this kidney injury 
marker. Similar mechanisms were noted in the study by Hu 

et al. (2025), where chromium-induced nephrotoxicity in 
rats was mediated through oxidative stress, inflammation, 
and apoptosis, with significant activation of the TLR4/
MyD88, HMGB1/RAGE, and NF-κB pathways.

KIM-1 is a well-established biomarker for renal epithelial 
cell damage, commonly overexpressed during toxic or 
ischemic renal injury. Its upregulation in our study supports 
the hypothesis that arsenic induces nephrotoxic stress in 
ACHN cells and highlights the utility of KIM-1 as an early 
marker for arsenic-induced renal damage. Interestingly, 
while the increase in KIM-1 expression between 20 μM 
and 30 μM was relatively modest, the morphological 
damage and loss of cell viability were significantly more 
pronounced at the higher concentration. This suggests that 
KIM-1 induction may occur early in the injury process, 
even before extensive cell death, potentially serving as a 
predictive marker of cytotoxic progression.

It is also possible that beyond a certain threshold, additional 
molecular pathways, such as oxidative stress, DNA 
damage, or apoptosis, are activated, contributing to more 
severe cytopathic outcomes. Overall, our data provide 
mechanistic insights into the nephrotoxic effects of sodium 
meta-arsenate, reinforcing its potential to induce renal 
epithelial injury at sublethal concentrations. These findings 
are particularly relevant considering the environmental 
and occupational exposure risks associated with arsenic 
compounds, especially in regions with contaminated 
drinking water.

CONCLUSION

Sodium meta-arsenate exposure leads to significant cytotoxic 
and morphological alterations in ACHN cells, accompanied 
by dose-dependent upregulation of KIM-These results 
suggest that KIM-1 may serve as a sensitive biomarker 
for early detection of arsenic-induced renal injury. Further 
studies investigating oxidative stress markers, apoptotic 
pathways, and long-term gene expression responses will 
enhance our understanding of arsenic toxicity mechanisms 
in renal tissues.
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