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The present study investigates renal inner medullary collecting duct (mIMCD3) cells and human embryonic kidney cells (HEK293)
for evaluation of cytotoxicity of nephrotoxic compounds. The 24 h LC50 values for cisplatin, paraquat and ibuprofen in mIMCD3 cells
were 135, 155 and 3600 µM, respectively. The 24 h LC50 values for paraquat and ibuprofen in HEK293 cells were 180 and 1000 µM,
respectively. Effects of hyperosmolality on cytotoxicity of paraquat were additive in mIMCD3 cells. These data demonstrate that renal
hyperosmolality has an additive effect on cytoxicity of paraquat.
Keywords: mIMCD3 cells; HEK293 cells; paraquat; hyperosmolality.

Introduction

Materials and methods

Excessive use of anticancer drugs, nonsteroidal antiinﬂammatory drugs (NSAIDs), pesticide and metals can
cause renal failure.[1–5] Renal inner medullary cells are often exposed to high concentrations of common nephrotoxic substances and also frequently face hyperosmotic and
ischemic stress.[6–7] Renal inner medullary collecting duct
(mIMCD3) cells, which are an immortalized cell line derived from mouse renal inner medulla, have been previously investigated for effects of the NSAIDs.[8] However,
little is known about cytotoxic effects of drugs and toxicants on mIMCD3 cells despite their wide spread use as a
good model for studying renal cell function.
Paraquat, a cationic bipyridylium class herbicide, is a
non-selective and non-systemic herbicide known to cause
renal failure.[9] Cisplatina platinum-derived chemotherapeutic agent, is widely used in the treatment of various cancers with side effects of renal damage.[10–11] The
present study investigated cytotoxicity of nephrotoxins in
mIMCD3 and HEK 293 cells. We also tested for additive
effects of hyperosmolality in mIMCD3 cells because renal
inner medullary collecting duct cells are routinely exposed
to hyperosmotic stress in vivo.

Cultures of mIMCD3 and HEK 293 cells
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Mouse renal inner medullary collecting duct (mIMCD3)
cells of passage 19 and human embryonic kidney (HEK293)
cells of passage 35 were used for all experiments. All
reagents for cell cultures were purchased from Invitrogen
(Carlsbad, CA). Cell culture medium consisted of 45%
Ham’s F-12, 45% Dulbecco’s modiﬁed Eagle’s medium,
10% fetal bovine serum, 10 milliunits/ml penicillin and
10 µg/ml streptomycin for mIMCD3 cells; for HEK293
cells, 10% heated inactivated fetal bovine serum was used instead of 10% fetal bovine serum. Cells were grown at 37◦ C in
5% CO2 . Final medium osmolality of the isosmotic medium
was 300 ± 5 mosmol/kg medium. An appropriate amount
of NaCl was added to the isosmotic medium to make hyperosmotic media of 540 and 605 mosmol/kg. Final osmolality of these media was conﬁrmed by a microosmometer
(Model 3300, Advanced Instruments, Norwood, MA).

Compounds
Cisplatin (cis-platinum(II) diammine dichloride) and
ibuprofen (2-[4-(2-methylpropyl) phenyl] propanoic acid)
were purchased from Sigma (St. Louis, MO). Paraquat
dichloride tetrahydrate (1,1 -dimethyl-4,4 bipyridinium
dichloride) was obtained from Chem Service (West Chester,
PA). Paraquat was dissolved in deionoized water. Cisplatin and ibuprofen were dissolved in dimethyl sulfoxide
(DMSO). Final DMSO concentration did not exceed 1% in

the medium. The solutions of all compounds were prepared
just before use.
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Cytotoxicity was assessed using the MTT (3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium bromide) cell survival assay (Roche Applied Science, IN). mIMCD3 and
HEK293 cells were grown in 10 cm diameter culture dishes,
trypsinized, and seeded evenly with 100 µL of medium
into each well of a ﬂat-bottomed 96-well cell culture plate
(Nalge-Nunc, Rochester, NY). After they had reached conﬂuence, each compound diluted from a 100-fold stock solution was added to the cell line and incubated in a humidiﬁed
atmosphere of 5% CO2 at 37◦ C, for 24 h. The MTT assay
was then performed according to the manufacture’s instructions. Brieﬂy, 10 µL ﬁnal prepared MTT reagent was added
to each well and incubated for 4 h, followed by addition of
100 µL of detergent solution. After 24 h incubation, the
ratio of absorbance at 560 nm versus 750 nm was measured with a SpectraFluor Plus microplate reader (Tecan,
Durham, NC). This ratio represented a measure of viable
cells in each well and we normalized this ratio to controls
set at 100% that were run in parallel in each 96-well plate.
Each condition was repeated in eight wells and experiments
were independently replicated between one and four times.
Controls consisted of treating cells with the same stock solution used for delivering compounds without any toxins
added. Control concentration was 1% in the medium. The
concentration at which half of the cells died after 24 h for
each of the toxins tested (LC50 ) was determined.

Cell survival (
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Statistical analysis
The results are expressed as per cent of cell survival compared to the appropriate control. The results are also presented as mean ± S.E.M. Signiﬁcance was analyzed with the
use of analysis of variance (ANOVA) followed by Bonferroni multiple comparisons post-test. All statistical analyses
were performed in GraphPad Prism version 4 (San Diego,
CA). A P-value < 0.05 is considered signiﬁcant.

Results
There was no signiﬁcant effect of controls on survival
of mIMCD3 or HEK293 cells. The 24 h LC50 values
for cisplatin, paraquat and ibuprofen in mIMCD3 cells
presented in Figure 1 were 135, 155 and 3600 µM,
respectively. Cisplatin was tolerated by mIMCD3 cells at
concentrations up to 100 µM. Only when the ibuprofen
concentration exceeded 100 µM, a cytotoxic effect was
observed on mIMCD3 cells. The 24 h LC50 values for
paraquat and ibuprofen in HEK 293 cells presented in
Figure 2 were 180 and 1000 µM, respectively, illustrating

Fig. 1. Cytotoxicity of (A) cisplatin, (B) ibuprofen and (C)
paraquat in mIMCD3 cells in normal isosmotic (300 mosmol/kg)
medium. Data are expressed as% cell survival compared to control (n = 8, 2–4 independent experiments).

similar trends in cytotoxicity in the murine mIMCD3 and
human kidney cell lines.
Because in vivo kidney cells are exposed to additive toxicant and osmotic stress, the combined effect of hyperosmolality (540 and 605 mosmol/kg) stress and paraquat stress
in mIMCD3 cells are presented in Figure 3. Increasing osmolality was shown to reduce cell survival even further,
demonstrating that stress caused by hyperosmolality and
nephrotoxin are additive (P < 0.05).

Discussion
The present study was designed to characterize the response of renal inner medullary cells to clinically prominent
nephrotoxins, such as cisplatin (anticancer drug), ibuprofen
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Fig. 2. Cytotoxicity of (A) ibuprofen and (B) paraquat in HEK293
cells in normal isosmotic (300 mosmol/kg) medium. Data are expressed as % cell survival compared to control (n = 8, 1 independent experiment).

(NSAID) and paraquat (herbicide). The colorimetric cell
survival assay using the tetrazolium salt MTT (3-[4,5dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide) is
a useful method for measuring cell proliferation and
survival.[12] The MTT assay measures the reduction of a
tetrazolium component (MTT) into an insoluble purple
formazan product by the mitochondria of viable cell. This

method has been widely used to assess effects of chemotherapeutic agents and pesticides.[13–15]
Cisplatin, a platinum-derived chemotherapeutic agent,
had a toxic effect (135 µM of LC50 ) in mIMCD3 cells in this
study. Cisplatin caused apoptosis by generating DNA and
protein adducts,[16] and mainly accumulated and promoted
the damage of the proximal tubular epithelial cells.[17–18]
Paraquat had the 24 h LC50 values of 155 µM in
mIMCD3 cells and 180 µM in HEK293 cells. To compare relative toxicity of these toxicants in a different cell
line with our data on mIMCD3 cells, HEK293 cells were
used. HEK293 cells showed similar paraquat toxicity proﬁle compared to mIMCD3 cells. Toxicity mechanisms underlying paraquat were reported including (1) generation
of reactive oxygen species (ROS); (2) the oxidation of
NADPH (nicotinamide adenine dinucleotide phosphate)
and (3) lipid peroxidation.[19] Direct cellular toxicity of
paraquat was examined in other types of kidney cells with
24 h LC50 values for proximal renal epithelial cells (LLCPK1 cells) and Madin Darby Canine Kidney cells (MDCK
cells) of 24 µM and 417 µM, respectively.[20]
Ibuprofen had a more toxic effect (1000 µM of LC50 ) in
HEK293 cells than in mIMCD3 cells (3600 µM of LC50 ).
Ibuprofen did not cause any harmful effect on the mIMCD3
cell model in this study. Our results suggest that mIMCD3
cells are not the most appropriate model system for elucidating the physiological mechanism of nephrotoxicity of
ibuprofen at least not when the cells are dosed only with
this compound.
Our data also show that additive hyperosmotic and
toxicant stress (paraquat) is more harmful to renal cells
than either stress alone. Santos et al.[21] and Michea
et al.[22] reported that acute increases in osmolality to
650mosmol/kg or above caused mIMCD3 cell death This
observation is signiﬁcant because kidney cells are routinely
exposed to hyperosmolality in vivo and combinations

Fig. 3. Effect of combing hyperosmotic stress on cytotoxicity of paraquat in mIMCD3 cells. Data are expressed as the mean ± S.E.M.
(n = 8, 1 independent experiment). ∗ , P < 0.05 compared to values in 300 mosmol/kg.
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of osmotic and toxicant stress are more physiologically
relevant than toxicant stress alone. Thus, in vivo, kidney
cells are likely to be more susceptible to nephrotoxins than
in cell culture models.
Taken together, the results of the present study demonstrate that mIMCD3 cells are shown to be a valuable model
for studying as the mechanism of other clinically important
nephrotoxins (cisplatin, ibuprofen, paraquat). Finally, additive effects of hyperosmolality and toxicant stress on renal
cells underline the importance of studying effects of nephrotoxic compounds in cell culture models under conditions
that approximate the physiological milieu in the kidney as
closely as possible.
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