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RESEARCH ARTICLE

The exploration of effect of terfenadine on Ca21 signaling in renal tubular cells

He-Hsiung Chenga�, Wei-Zhe Liangb,c�, Chun-Chi Kuod, Lyh-Jyh Haoe, Chiang-Ting Chouf and Chung-Ren Janb

aDepartment of Medicine, Chang Bing Show Chwan Memorial Hospital, Changhua, Taiwan; bDepartment of Medical Education and
Research, Kaohsiung Veterans General Hospital, Kaohsiung, Taiwan; cDepartment of Pharmacy, Tajen University, Pingtung, Taiwan;
dDepartment of Nursing, Tzu Hui Institute of Technology, Pingtung, Taiwan; eDepartment of Metabolism, Kaohsiung Veterans General
Hospital Tainan Branch, Tainan, Taiwan; fDepartment of Nursing, Division of Basic Medical Sciences, Chang Gung University of Science and
Technology, Chia-Yi, Taiwan

ABSTRACT
Terfenadine, an antihistamine used for the treatment of allergic conditions, affected Ca2þ-related
physiological responses in various models. However, the effect of terfenadine on cytosolic free Ca2þ

levels ([Ca2þ]i) and its related physiology in renal tubular cells is unknown. This study examined
whether terfenadine altered Ca2þ signaling and caused cytotoxicity in Madin–Darby canine kidney
(MDCK) renal tubular cells. The Ca2þ-sensitive fluorescent dye fura-2 was used to measure [Ca2þ]i. Cell
viability was measured by the fluorescent reagent 4-[3-[4-lodophenyl]-2-4(4-nitrophenyl)-2H-5-tetrazo-
lio-1,3-benzene disulfonate] water soluble tetrazolium-1 (WST-1) assay. Terfenadine at concentrations
of 100–1000lM induced [Ca2þ]i rises concentration dependently. The response was reduced by
approximately 35% by removing extracellular Ca2þ. In Ca2þ-free medium, treatment with the endo-
plasmic reticulum Ca2þ pump inhibitor 2,5-di-tert-butylhydroquinone (BHQ) partly inhibited terfena-
dine-evoked [Ca2þ]i rises. Conversely, treatment with terfenadine abolished BHQ-evoked [Ca2þ]i rises.
Inhibition of phospholipase C (PLC) with U73122 inhibited 95% of terfenadine-induced Ca2þ release.
Terfenadine-induced Ca2þ entry was supported by Mn2þ-caused quenching of fura-2 fluorescence.
Terfenadine-induced Ca2þ entry was partly inhibited by an activator of protein kinase C (PKC), phorbol
12-myristate 13 acetate (PMA) and by three modulators of store-operated Ca2þ channels (nifedipine,
econazole, and SKF96365). Terfenadine at 200–300lM decreased cell viability, which was not reversed
by pretreatment with the Ca2þ chelator 1,2-bis(2-aminophenoxy)ethane-N,N,N’,N’-tetraacetic acid-
acetoxymethyl ester (BAPTA/AM). Together, in MDCK cells, terfenadine induced [Ca2þ]i rises by evoking
PLC-dependent Ca2þ release from the endoplasmic reticulum and Ca2þ entry via PKC-sensitive store-
operated Ca2þ entry. Furthermore, terfenadine caused cell death that was not triggered by preceding
[Ca2þ]i rises.
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Introduction

Terfenadine acts as an antihistamine for treatment of allergic
conditions [1]. Although terfenadine has been used by over
100 million patients worldwide as of 1990 [2], it was super-
seded by fexofenadine in the 1990s due to the risk of a par-
ticular type of disruption of the electrical rhythms of the
heart [3]. In vitro, terfenadine also altered Ca2þ signaling in
different models. It has been shown that terfenadine inhib-
ited cytosolic Ca2þ dynamics in cultured guinea pig cardio-
myocytes [4], and reduced Ca2þ influx, cyclic guanosine
monophosphate (cGMP) formation, and N-methyl-D-aspartate
(NMDA) receptor-dependent neurotoxicity following activa-
tion of L-type voltage sensitive Ca2þ channels in neurons [5].
Furthermore, terfenadine prevented L-type Ca2þ channel
current in rat ventricular myocytes [6] and blocked time-
dependent Ca2þ, Naþ, and Kþ channels in guinea pig ven-
tricular myocytes [7]. On the contrary, terfenadine-induced
apoptosis in A375 human melanoma cells was mediated

through elevation in cytosolic free Ca2þ levels ([Ca2þ]i) [8].
Furthermore, terfenadine was reported to increase Ca2þ

release in human atrial myocytes [9] and rat mast cells [10].
However, the effects of terfenadine on Ca2þ homeostasis in
renal tubular cells have not been explored.

Ca2þ is a pivotal ion that plays a key role in numerous
cellular responses. Transient and controlled rises in [Ca2þ]i
have been established to induce diverse pathophysiological
cellular responses [11], including fluid secretion, protein
regulation, proliferation, etc. [12]. [Ca2þ]i can rise via Ca2þ

entry through various channels on the plasma membrane
and/or Ca2þ release from the endoplasmic reticulum and
other organelles. G protein-coupled phospholipase C (PLC)
can trigger formation of inositol 1,4,5-trisphosphate (IP3)
which is a pivotal messenger for the endoplasmic reticulum
Ca2þ release [13]. In Madin–Darby canine kidney (MDCK)
cells, literature shows that the main Ca2þ entry pathway is
the store-operated Ca2þ entry [14]. Thus, the exploration of
the mechanisms of a chemical-induced [Ca2þ]i rises is very
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important for knowing the chemical’s pharmacological effect
on the cell.

A previous study has shown that terfenadine inhibited
autoregulation of renal blood flow and glomerular filtration
rate in mammals such as the dog [15]. Therefore, the risk of
exposure to terfenadine in human kidney should be cau-
tioned. The goal of this study was to examine the effect of
terfenadine on [Ca2þ]i in renal tubular cells. The MDCK cell
line is a useful model for renal cell research. In this cell,
[Ca2þ]i rises and death can be induced by stimulation with
several agents including allyl sulfides [16], phenethyl isothio-
cyanate [17], and sertraline [18]. The Ca2þ-sensitive fluores-
cent dye fura-2 was applied as a dye to detect [Ca2þ]i. The
pathways underlying terfenadine-induced [Ca2þ]i rises were
explored. The cytotoxicity of terfenadine was examined by
enzyme-linked immunosorbent assay (ELISA) using the fluor-
escent probe 4-(3-(4-lodophenyl)-2–4(4-nitrophenyl)-2H-5-tet-
razolio-1,3-benzene disulfonate) tetrazolium-1 (WST-1).

Methods

Chemicals

The chemicals for cell culture were purchased from GibcoVR

(Gaithersburg, MD, USA). Terfenadine (Figure 1(A)) and other

reagents were purchased from Sigma-AldrichVR (St. Louis, MO,
USA) unless otherwise indicated. 1,2-Bis(2-aminophenoxy)-
ethane-N,N,N’,N’-tetraacetic acid/acetoxy methyl (BAPTA/AM)
and aminopolycarboxylic acid/acetoxy methyl (fura-2/AM)
were purchased from Molecular ProbesVR (Eugene, OR, USA).

Cell culture

After purchasing from Bioresource Collection and Research
Center (Taiwan), MDCK cells were cultured in Minimum
Essential Medium (MEM) supplemented with 10% heat-inacti-
vated fetal bovine serum, 100U/ml penicillin and 100lg/ml
streptomycin. The cells were kept in an incubator at 37 �C
containing 5% CO2 atmosphere.

[Ca21]i analyses and experimental solutions

[Ca2þ]i was measured as previously described [17]. Ca2þ-free
medium (pH 7.4) had 10mM 4-(2-hydroxyethyl)-1-piperazi-
neethanesulfonic acid (HEPES), 2mM CaCl2, 140mM NaCl,
3mM MgCl2, 5mM KCl, 0.3mM ethylene glycol tetraacetic
acid (EGTA), and 5mM glucose. Ca2þ-containing medium
contained similar chemicals as Ca2þ-free medium except that
0.3mM EGTA and 2mM MgCl2 were replaced with 2mM
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Figure 1. Effect of terfenadine on [Ca2þ]i in MDCK cells. (A) The chemical structure of terfenadine (B) The experiments were conducted in Ca2þ-containing medium.
Terfenadine was added to cells at 25 s. Y axis is the [Ca2þ]i evoked by terfenadine. (C) Effect of terfenadine on [Ca2þ]i in Ca2þ-free medium. Terfenadine was added
at 25 s in Ca2þ-free medium. Y axis is the [Ca2þ]i rises evoked by terfenadine. (D) Concentration-response plots of terfenadine-evoked [Ca2þ]i rises in the presence
or absence of extracellular Ca2þ. Y axis is the percentage of the net area under the curve (25–250 s) of the [Ca2þ]i rises induced by 1000 lM terfenadine in Ca2þ-
containing medium. Data are mean ± SEM of three independent experiments. �p< .05 compared to open circles.
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CaCl2. Terfenadine was dissolved in absolute ethanol. The
reagents used in experiments were dissolved in dimethyl
sulfoxide (DMSO), water, or ethanol. The concentration of
solvents in the experimental solutions was <0.1%, and did
not alter viability or basal [Ca2þ]i.

Cells were trypsinized and suspended in medium at a
concentration of 1� 106 cells/ml. Cell viability was detected
by trypan blue exclusion by adding 0.2% trypan blue to
0.1ml cell suspension, and the viability was routinely greater
than 95%. Subsequently, cells were incubated with 2 lM
fura-2/AM for 30min at 25 �C in Ca2þ-containing medium.
Then, cells were washed with Ca2þ-containing medium twice
and were resuspended in Ca2þ-containing medium at a con-
centration of 1� 107 cells/ml. Fura-2 fluorescence measure-
ments were conducted in a water-jacketed cuvette (25 �C)
with stirring. The cuvette had 1ml of medium and 0.5 million
cells. After 0.1ml cell suspension was added to 0.9ml Ca2þ-
containing or Ca2þ-free medium, a Shimadzu RF-5301PC
spectrofluorophotometer (Shimadzu, Tokyo, Japan) was
applied to detect the fluorescence by recording excitation
signals at 340 and 380 nm and emission signal at 510 nm at
1 s intervals. Chemicals were added to the cuvette by paus-
ing the recording for 2 s to open and close the cuvette-con-
taining chamber. After the completion of the experiments,
Triton X-100 (0.1%) and CaCl2 (5mM) were added to obtain
the maximal fura-2 fluorescence. The Ca2þ chelator EGTA
(10mM) was subsequently added to chelate Ca2þ in the
cuvette to obtain the minimal fura-2 fluorescence. Control
experiments suggested that cells suspended in a cuvette had
95% viability after 20min of fluorescence recording. [Ca2þ]i
was calculated as described previously [19].

Mn21 analyses

Quenching of fura-2 fluorescence by manganese ion (Mn2þ)
was performed in Ca2þ-containing medium. MnCl2 (50lM)
was added to cell suspension in the cuvette 30 s before the
fluorescence recording started. Data were recorded at excita-
tion signal at 360 nm and emission signal at 510 nm at 1 s
intervals [20].

Water soluble tetrazolium-1 (WST-1) analyses

Cells were seeded in 96-well plates at a concentration of
1� 104 cells/well in culture medium for 24 h in the presence
of 0–300 lM terfenadine. WST-1 (10 ll) was added to samples
after terfenadine treatment, and cells were further incubated
for 30min in the incubator. When BAPTA/AM was used to
chelate cytosolic Ca2þ, cells were treated with 5 lM BAPTA/
AM for 1 h prior to incubation with terfenadine. The cells
were washed once with Ca2þ-containing medium and incu-
bated with/without terfenadine for 24 h. An ELISA reader was
used to detect the absorbance of samples (A450). Absolute
optical density was normalized to the absorbance of control
cells in each plate and expressed as a percentage of control.

Statistic analyses

Measurement data were expressed as mean± SEM of three
independent experiments. All data were analyzed by one-
way analysis of variances (ANOVA) using the Statistical
Analysis System (SASVR ; SAS Institute Inc., Cary, NC, USA).
Multiple comparisons between group means were performed
by post-hoc analysis using the Tukey’s honestly significantly
difference (HSD) procedure. �p< .05 represents significant
differences.

Results

Terfenadine increased [Ca21]i in MDCK cells

Figure 1(B) shows that the basal [Ca2þ]i was 50 ± 1 nM.
Terfenadine in Ca2þ-containing medium induced [Ca2þ]i rises
between 100 and 1000lM. At a concentration of 1000 lM,
terfenadine evoked [Ca2þ]i rises that reached a net increase
of 172 ± 2 nM (n¼ 3). The Ca2þ response saturated at
1000 lM terfenadine because 1500 lM terfenadine did not
evoke a greater response (not shown). Figure 1(C) shows
that 500–1000 lM terfenadine induced concentration-
dependent rises in [Ca2þ]i in Ca2þ-free medium Figure 1(D)
depicts the concentration-response plots of terfenadine-
induced [Ca2þ]i rises. The half maximal effective concentra-
tion (EC50) value was 100 ± 1lM in Ca2þ-containing medium
or 375 ± 5 lM in Ca2þ-free medium, respectively, by fitting to
a Hill equation. Filled circles stand for the different concen-
trations of terfenadine used in Ca2þ-containing medium.
Open circles stand for the different concentrations of terfena-
dine used in Ca2þ-free medium. þCa means the condition of
Ca2þ-containing medium; –Ca means the condition of Ca2þ-
free medium.

Terfenadine dominantly induced Ca21 release from the
endoplasmic reticulum

Because terfenadine-induced Ca2þ response saturated at
1000 lM (Figure 1), in the following experiments the
response induced by 1000 lM terfenadine was used as con-
trol. Evidence shows that the endoplasmic reticulum plays a
dominant role in depleting Ca2þ store and enhancing a Ca2þ

signal in most cells [21]. Thus the following experiments
explored the role of the endoplasmic reticulum in terfena-
dine-induced Ca2þ release in MDCK cells. The experiments
were conducted in Ca2þ-free medium to exclude the involve-
ment of Ca2þ influx. Figure 2 shows that addition of 50 lM
tert-butylhydroquinone (BHQ), an endoplasmic reticulum
Ca2þ pump inhibitor [22], induced [Ca2þ]i rises of 70 ± 3 nM
(n¼ 3). Terfenadine (1000lM) added afterwards induced a
Ca2þ signal of 25 ± 2 nM. Figure 3 shows that after terfena-
dine induced [Ca2þ]i rises of 90 ± 2nM (n¼ 3), BHQ failed to
induce [Ca2þ]i rises. BHQ incubation decreased terfenadine-
induced [Ca2þ]i rises by 72%. It appears that the endoplasmic
reticulum played a pivotal role in terfenadine-evoked Ca2þ

release from organelles.
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PLC activation played a key role in terfenadine-induced
Ca21 release

The PLC inhibitor U73122 [23] was used to test whether PLC
activation participated in terfenadine-evoked Ca2þ release.
First, efforts were made to examine the activity of PLC.
Figure 4(a) shows that adenosine triphosphate (ATP) (10 lM)
induced [Ca2þ]i rises of 99 ± 2 nM (n¼ 3). Literature shows
that ATP releases internal Ca2þ mostly in a PLC-dependent
manner in most cell types [24]. Figure 4(b) shows that

incubation with 2 lM U73122 did not change basal [Ca2þ]i
but abolished ATP-induced [Ca2þ]i rises. This suggests that
U73122 effectively suppressed PLC activity. The data further
show that incubation with 2 lM U73122 did not alter basal
[Ca2þ]i but inhibited 95% of 1000 lM terfenadine-induced
[Ca2þ]i rises. U73343 is a U73122 analog lacking inhibition on
PLC. Thus it was used to examine if it could abolish ATP-
evoked [Ca2þ]i rises. Our data show that U73343 (2lM) did
not alter ATP-evoked Ca2þ signal (not shown). It suggests
that terfenadine-induced Ca2þ release from the endoplasmic
reticulum required PLC activation.

Terfenadine induced Mn21 influx-caused
fluorescence quenching

Experiments were performed to exclude the possibility that
the smaller terfenadine-induced response in Ca2þ-free
medium was caused by 0.3mM EGTA-induced depletion of
intracellular Ca2þ. Mn2þ enters cells through similar pathways
as Ca2þ but quenches fura-2 fluorescence at all excitation
wavelengths [20]. Figure 5 shows that 1000 lM terfenadine
induced an immediate decrease in the 360 nm excitation sig-
nal (compared to control) by 112 ± 2 arbitrary units at 220 s
(n¼ 3). Therefore, terfenadine-induced [Ca2þ]i rises involved
Ca2þ influx from extracellular space.

Regulation of terfenadine-induced [Ca21]i rises

Phorbol 12-myristate 13 acetate (PMA; 1 nM; a protein kinase
C (PKC) activator), GF109203X (2lM; a PKC inhibitor) or three
store-operated Ca2þ channel modulators (econzaole, 0.5lM;
nifedipine, 1 lM; SKF96365, 5 lM) was applied 1min before
terfenadine (1000lM), in Ca2þ-containing medium.
GF109203X failed to alter terfenadine-induced [Ca2þ]i rises.
In contrast, PMA, econazole, nifedipine, and SKF96365 partly
inhibited terfenadine-induced [Ca2þ]i rises (n¼ 3) (p< .05)
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(Table 1). Thus it appears that PKC-regulated store-operated
Ca2þ entry participated in terfenadine-induced [Ca2þ]i rises.

Terfenadine killed MDCK cells in a Ca21-
independent manner

Literature shows that uncontrolled [Ca2þ]i rises may alter cell
viability [25]. Since terfenadine induced substantial [Ca2þ]i

rises, experiments were conducted to explore the action of
terfenadine on viability of MDCK cells. Cells were treated
with 0–300 lM terfenadine for 24 h, and the tetrazolium
assay was performed. In the presence of 200–300 lM terfena-
dine, cell viability decreased in a concentration-dependent
manner (Figure 6). The intracellular Ca2þ chelator BAPTA/AM
[26] was applied to prevent [Ca2þ]i rises during terfenadine
pretreatment, in order to explore the role of Ca2þ in terfena-
dine-induced cell death. Figure 6 also shows that 5 lM
BAPTA/AM loading did not change the control value of cell
viability. Terfenadine (1000lM) did not evoke [Ca2þ]i rises in
BAPTA/AM-treated cells in both Ca2þ-containing and Ca2þ-
free solutions (not shown). This suggests that BAPTA loading
for 25 h still chelated cytosolic Ca2þ. BAPTA/AM incubation
did not prevent terfenadine from inducing cell death.

Table 1. Effect of Ca2þ channel regulators on terfenadine-
evoked [Ca2þ]i rises.

Treatment

Control 100 ± 5
þ PMA 79 ± 3�
þ GF109203X 99 ± 2
þ econazole 70 ± 4�
þ nifedipine 53 ± 5�
þ SKF96365 69 ± 3�
In regulator-treated group, the regulator was added 1min
before terfenadine (1000lM). The concentration was 2 lM
for GF109203X, 10 nM for PMA, 0.5lM for econazole, 1 lM
for nifedipine, and 5 lM for SKF96365.
Data are presented as the percentage of control that is the
area under the curve (25–200 s) of 1000 lM terfenadine-
induced [Ca2þ]i rises in Ca2þ-containing medium, and are
mean ± SEM of three independent experiments.�p< .05 compared to control.
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Discussion

The effect of terfenadine on Ca2þ mobilization is demon-
strated in various models. Previous studies showed that ter-
fenadine inhibited [Ca2þ]i rises in cultured guinea pig
cardiomyocytes [4] and rat ventricular myocytes [6] but
increased [Ca2þ]i in A375 human melanoma cells [8] and
human atrial myocytes [9]; however, whether terfenadine
affects Ca2þ homeostasis in MDCK cells is unclear. Because
so far the effect of terfenadine on Ca2þ signaling in different
cell types is controversial, more research is needed to have a
better knowledge of how terfenadine alters [Ca2þ]i. Our
study shows that terfenadine increased [Ca2þ]i in MDCK cells.
The Ca2þ signal was composed of Ca2þ release and Ca2þ

entry because the signal was reduced by approximately 35%
by removing extracellular Ca2þ.

In terms of the Ca2þ stores that contributed to terfena-
dine-induced Ca2þ release, the BHQ-sensitive endoplasmic
reticulum store appears to play a main role. A mitochondrial
Ca2þ channel known as the uniporter drives the rapid and
massive entry of Ca2þ ions into mitochondria. The uniporter
operates at high lM cytosolic Ca2þ concentrations that are
only reached transiently in cells, near Ca2þ release channels
[27]. The results show that incubation with the endoplasmic
reticulum Ca2þ pump inhibitor BHQ inhibited 72% of terfena-
dine-induced [Ca2þ]i rises. In contrast, incubation with terfe-
nadine abolished BHQ-induced [Ca2þ]i rises. The residual
28% might be contributed by other stores such as mitochon-
dria, cytosketolon, nucleus, etc. [28].

Many pathways regulate the release of Ca2þ from intracel-
lular stores. Among them, PLC is one of the pivotal proteins
[28]. Furthermore, PLC has been shown to regulate the
release of Ca2þ from the endoplasmic reticulum [28]. The
role of PLC in terfenadine-induced Ca2þ release was explored
because terfenadine released Ca2þ from the endoplasmic
reticulum. Our results suggest that PLC activity was required
for terfenadine-induced Ca2þ release because the release
was decreased by 95% under the condition that PLC activity
was fully suppressed.

In terms of Ca2þ influx, quenching of fura-2 fluorescence
excited at the Ca2þ-insensitive excitation wavelength of
360 nm by Mn2þ implies Ca2þ influx. The Mn2þ quenching
data further support that Ca2þ influx occurred during terfe-
nadine incubation. Previous researches have shown that in
MDCK cells the dominant Ca2þ entry pathway is the store-
operated Ca2þ channels [17]. Terfenadine-evoked [Ca2þ]i rises
were inhibited by 30–50% by econazole, nifedipine, and
SKF96365. These three compounds have been used to inhibit
store-operated Ca2þ entry [29–31]. Store-operated Ca2þ

channels have been shown to play a role in [Ca2þ]i rises
stimulated with several compounds such as allyl sulfides [16],
phenethyl isothiocyanate [17], and sertraline [18] in MDCK
cells. Therefore, it appears that terfenadine induced store-
operated Ca2þ entry in MDCK cells.

It has been established that activity of many protein kin-
ases is closely linked to Ca2þ homeostasis [32,33]. Our data
show that terfenadine-evoked [Ca2þ]i rises were inhibited by
20% by PKC activation (a PKC activator, PMA) but was
unaltered by inhibition of PKC (a PKC inhibitor, GF109203X).

This suggests that a normal PKC level is needed for terfena-
dine to induce full Ca2þ responses. The interactive relation-
ship between PKC and Ca2þ signaling has been well
established. Human cytomegalovirus pUL37x1-caused Ca2þ

entry was shown to activate PKC, alter cell shape and accu-
mulate cytosolic vesicles [34]. On the contrary, Ca2þ-unre-
lated activation of endocannabinoid/endovanilloid signaling
by PKC was reported [35]. Because Ca2þ influx contributed
to 35% of terfenadine-induced [Ca2þ]i rises, this influx
appears to be partially contributed by PKC-regulated store-
operated Ca2þ entry.

Cell viability may or may not be associated with rises in
[Ca2þ]i. Literature shows that sensitization to autoimmune
hepatitis in Ca2þ-independent phospholipase A2-null mice
resulted in leaked bile acids, goblet cell hyperplasia, and
duodenal villous atrophy [36]. In contrast, paclitaxel was
shown to suppress Bcl-2 resistance to apoptosis via an endo-
plasmic reticulum-mediated Ca2þ release in a concentration-
dependent fashion in breast cancer cells [37]. Our data show
that BAPTA/AM pretreatment for 25 h did not overcome ter-
fenadine-evoked cell death. Thus, terfenadine-induced cell
death did not appear to be caused by [Ca2þ]i rises.

Previous studies have shown that the plasma level of ter-
fenadine in experimental animals and healthy volunteers
may reach 20 lM [38]. In patients with kidney malfunction
this level may go higher [39]. Evidence suggests that
because terfenadine in the blood requires active transport
into the liver, it is less metabolized by the cytochrome P450
family but shows more renal excretion in human [40]. Our
findings suggest that terfenadine at a concentration of
200 lM caused death of 45% of MDCK cells. Thus, the clinical
relevance of our data may not be excluded.

Collectively, the results show that terfenadine induced
Ca2þ release from the endoplasmic reticulum in a PLC-
dependent manner and Ca2þ influx via PKC-sensitive store-
operated Ca2þ entry. Terfenadine also evoked Ca2þ-inde-
pendent cell death. Since [Ca2þ]i rises play a triggering or
modulatory role in numerous cellular phenomena, the effect
of terfenadine on [Ca2þ]i and cell viability should be taken
into account in other in vitro studies.
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