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Abstract

In vitro assays involving primary cells are used routinely to evaluate organ-specific toxic effects, for instance, the use of
primary hepatocytes to evaluate hepatotoxicity. A major drawback of an in vitro system is the lack of multiple organ interactions
as observed in a whole organism. A novel cell culture system, the integrated discrete multiorgan cell culture system (IdMOC), is
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described here. The IdMOC is based on the “wells within a well” concept, consisting of a cell culture plate with larger, co
wells, within each of which are multiple smaller wells. Cells from multiple organs can be cultured initially in the smal
(one organ per well, each in its specialized medium). On the day of toxicity testing, a volume of drug-containing me
added to the containing well to flood all inner wells, thereby interconnecting all the small wells. After testing, the ov
medium is removed and each cell type is evaluated for toxicity using appropriate endpoints. We report here the appl
IdMOC in the evaluation of the cytotoxicity of tamoxifen, an anticancer agent with known human toxicity, on primary cel
multiple human organs: liver (hepatocytes), kidney (kidney cortical cells), lung (small airway epithelial cells), central
system (astrocytes), blood vessels (aortic endothelial cells) as well as the MCF-7 human breast adenocarcinoma ce
produced results that can be used for the quantitative evaluation of its anticancer effects (i.e., cytotoxicity towards MC
versus its toxicity toward normal organs (i.e., liver, kidney, lung, CNS, blood vessels).
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1. Introduction

Technologies for culturing primary cells from hu-
man and animal organs have been developed and
have long been applied toward the evaluation of drug
toxicity. Human primary cells are especially impor-
tant as experimental systems for the prediction of
human-specific drug properties[1–4]. Of the vari-
ous human primary cell systems, human hepatocytes
may be the most useful, as the cells retain human-
specific metabolism pathways[4–6] and transporters
[7]. Human hepatocytes are now used routinely for
the evaluation of human drug properties including drug
metabolism[1–6], drug–drug interactions[7–12], and
drug toxicity[13–16].

A major drawback of in vitro systems is that each
cell type, representing a single organ, is evaluated in
isolation with no interaction with cells from other or-
gans. In vivo, multiple organ interaction are important
aspects of drug toxicity, for example, metabolites pro-
duced in one organ (e.g., liver) may cause damage to a
different organ (e.g., heart).

An in vitro system allowing multiple organ interac-
tions would be a desirable system, providing a more
relevant model for the prediction of in vivo drug tox-
icity. This manuscript represents the first description
of a novel cell culture system that allows multiple or-
gan interactions—the integrated discrete multiple or-
gan culture (IdMOC) system (patent pending[17]). We
report here the comparative cytotoxicity (using ATP
c ifen,
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aortic endothelial cells and astrocytes; and a human
tumor cell line, the MCF-7 human breast adenocarci-
noma cells.

2. Materials and methods

2.1. IdMOC

The IdMOC plates were manufactured by AP-
Sciences Inc., Baltimore, Maryland. The plates were
modified from six-well tissue culture plates (well di-
ameter of 35 mm; Corning Inc., New York), with seven
wells of a diameter of 8 mm and a height of 0.8 mm
inside each well. The inner wells have a capacity of
approximately 100 uL. The concept of IdMOC is pre-
sented inFig. 1.

2.2. Human cells and culturing media

Cryopreserved human hepatocytes (lot HH227)
were obtained from Tissue Transformation Technolo-
gies Inc. (Edison, New Jersey). This lot of hepato-
cytes was chosen because of its high attachment ef-
ficiency (approximately 80%). Human renal proximal
tubule cells (RPTC), human small airway epithelial
cells (SAEC), human aortic endothelial cells (HAEC),
and normal human astrocytes were obtained from Cam-
brex, Walkersville, Maryland. MCF-7 cells were ob-
tained from Sitek Laboratories (Rockville, Maryland).
T er-
s for
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ontent as endpoint) of an anticancer agent, tamox
oward normal human primary cells, hepatocytes;
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ig. 1. The human body is conceptualized here as multiple o
ross-section (right panel) of the IdMOC plate is shown demon
ultures in different wells but interconnected by a common me
hysically separated entities connected by a common fluid (blo
connected by blood, the principle of the IdMOC system (left
g the culturing of multiple cell types (cells A–C) as physically
The IdMOC thereby mimics an animal in vivo, with multiple o
ivo; the overlaying medium in the IdMOC).

he media used for each cell type were: Li’s Univ
al Medium (APSciences, Baltimore, Maryland)
epatocytes; and the following media from Camb
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REGM (renal proximal tubule cells), SAGM (small air-
way epithelial cells), EGM-2 (aortic endothelial cells),
AGM (astrocytes).

2.3. Cell culture and drug treatment

The primary cells from Cambrex were supplied to
our laboratory as dividing cultures in 25-cm2 flasks.
The cells were subcultured into 75-cm2 flasks after ap-
proximately 4 days (75% confluent). The cells were
cultured for another 7 days before they were trypsinized
and plated for cytotoxicity studies. The cells were
plated into IdMOC plates or 96-well plates 1 day be-
fore drug treatment. For the IdMOC plates, 10,000
cells were plated into each inner well, using 80 uL of
medium specific for each cell type as described earlier.
Human hepatocytes were thawed (viability approxi-
mately 82% based on trypan blue) and plated at 100,000
cells per well in 80 uL of medium. The wells receiving
human hepatocytes were coated with Vitrogen (Cohe-
sion Inc., Palo Alto, California). The cells were sim-
ilarly plated into 96-well plates (Corning Inc., New
York). The cells were cultured in an incubator kept at
37◦C, and a highly humidified atmosphere of 95% air
and 5% carbon dioxide for approximately 24 h before
treatment.

2.4. Drug treatment

Tamoxifen (Sigma-Aldrich Inc., St. Louis, Mis-
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phosphate buffered saline (pH 7.4), followed by the ad-
dition of 50 ul of mammalian cell lysis solution (Perkin-
Elmer Inc.). The cell lysate was combined with the sub-
strate solutions of the ATPlite® system and analyzed for
chemiluminescence using a Wallac Victor 1420 Mul-
tilabel Counter (Wallac, Turku, Finland). Results are
expressed as relative viability as follows:

relative viability= ATP(treatment)

ATP(control)
× 100%

2.6. Data analysis

Mean and standard error of the mean were deter-
mined using Microsoft Office 2000 Excel software
(Microsoft Inc., Redman, Washington). Data plotting
and curve fitting were performed using the Kaleida-
graph 3.6 software (Synergy Software, Reading, PA).
The concentrations of tamoxifen to cause 50%, 90%
and 99% decreases in survival (EC50, EC90, and EC99,
respectively) are calculated based on the following
equation:

logS = a + b(X);

whereS, relative viability;X, tamoxifen concentration;
andaandb representY intercept and slope of the fitted
curve, respectively.

Therapeutic index values are calculated by dividing
the EC values of each normal cell type by that for MCF-
7 cells as follows:
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ouri) was initially dissolved in methanol as a 10×
tock solution. On the day of treatment, media wer
oved from all inner wells of the IdMOC and replac
ith 2.5 mL of Eagle’s minimal essential mediu

MEM; Invitrogen, Carlsbad, California) containi
arious concentrations of tamoxifen. Treatment
erformed in triplicate for an incubation period of a
roximately 24 h. After the treatment period, the c

n individual wells were processed for viability det
ination.

.5. Viability determination

Cellular ATP content was measured as an inde
iability, using ATPlite®-M luminescence assay sy
em (Perkin-Elmer Inc., Boston, Massachussets).
reatment media were removed. Each of the indi
al wells (inner wells)was washed twice with isoto
TI(EC50)= EC50(normal cells)

EC50(MCF7)

TI(EC90)= EC90(normal cells)

EC90(MCF7)

TI(EC99)= EC99(normal cells)

EC99(MCF7)

. Results

.1. Cell morphology

The morphology of the cells was evaluated us
hase contrast microscopy. The cells cultured in
OC exhibited cell morphology similar to that o

erved in mass cultures of individual cell types. Th
as no apparent alteration in cell morphology after
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24-h co-culturing period in the solvent control-treated
IdMOC cultures. Morphologically, dose-dependent cy-
totoxicity of tamoxifen could be discerned after the 24-
h treatment period with tamoxifen, with the appearance
of rounded cells at the toxic concentrations (data not
shown).

3.2. Cytotoxicity

Tamoxifen caused dose-dependent cytotoxicity, as
indicated by a dose-dependent decrease in cellular ATP
content, in all six cell types evaluated. The survival
curves after drug treatment were plotted as survival
versus drug concentration (Fig. 2), and as log(survival)

F
s
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k

Table 1
Calculated concentrations (in uM) of tamoxifen causing a reduction
in viability of each cell type by 50% (EC50), 90% (EC90), and 99%
(EC99)

Hepatocytes HAEC Astrocytes RPTC SAEC MCF-7

EC50 58.4 24.1 31.9 34.9 11.4 19.9
EC90 204.2 137.9 105.9 115.5 121.8 62.5
EC99 412.9 300.6 211.8 230.9 279.7 123.5

The cells co-cultured in the IdMOC were human hepatocytes (hepa-
tocytes), human aortic endothelial cells (HAEC), human astrocytes
(astrocytes), human renal proximal tubule epithelial cells (RPTC),
human small airway epithelial cells (SAEC), and human breast ade-
nocarcinoma cells (MCF-7).
ig. 2. Relative viability (Y-axis; percentage of control) vs. tamoxifen concentration (X-axis; uM) for the multiple cell types. The error bars
hown represent standard errors of triplicate treatments. The curves were fit using a logarithmic curve fitting function. The cells co-cultured in the
dMOC were human hepatocytes (hepatocytes), human aortic endothelial cells (HAEC), human astrocytes (astrocytes), human renal proximal
ubule epithelial cells (RPTC), human small airway epithelial cells (SAEC), and human breast adenocarcinoma cells (MCF-7).{Question: I
now the standard error is smaller than the standard deviation; but in this case, is it statistically correct to show the standard errors?}
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Fig. 3. Logarithm of relative viability (Y-axis; log(relative viability)) vs. tamoxifen concentration (X-axis; uM). The linearity of the plots
demonstrate the ability of IdMOC to generate survival curves as expected from the known relationship between cell survival and toxicant
concentration. The cells co-cultured in the IdMOC were human hepatocytes (hepatocytes), human aortic endothelial cells (HAEC), human
astrocytes (astrocytes), human renal proximal tubule epithelial cells (RPTC), human small airway epithelial cells (SAEC), and human breast
adenocarcinoma cells (MCF-7).

Table 2
Calculated therapeutic index values of tamoxifen for the treatment of
the MCF-7 adenocarcinoma cells vs. the multiple normal cell types
based on EC50, EC90, and EC99 values

Hepatocytes HAEC Astrocytes RPTC SAEC

TI (EC50) 2.93 1.21 1.60 1.75 0.57
TI (EC90) 3.27 2.21 1.69 1.85 1.95
TI (EC99) 3.34 2.43 1.72 1.87 2.27

The cells co-cultured in the IdMOC were human hepatocytes (hepa-
tocytes), human aortic endothelial cells (HAEC), human astrocytes
(astrocytes), human renal proximal tubule epithelial cells (RPTC),
human small airway epithelial cells (SAEC), and human breast ade-
nocarcinoma cells (MCF-7).

versus drug concentration (Fig. 3). The calculated
EC50, EC90, and EC99 values are shown inTable 1.
The resulting therapeutic index values are shown in
Table 2.

4. Discussion

Human cell-based in vitro experimental systems
represent important tools for the evaluation of mecha-
nisms of human drug toxicity and the prediction of hu-
man toxicity of new drug entities. Human hepatocytes,
for instance, are now routinely used in the evaluation
of drug metabolism, drug–drug interactions, and drug
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toxicity [1–15]. Other differentiated cell systems that
have been applied towards the evaluation of drug tox-
icity include renal proximal tubule epithelial cells for
the evaluation of nephrotoxic agents (e.g.,[18–20]);
endothelial cell cultures for the evaluation of vascular
toxins[21–23]; astrocytes for the evaluation of neuro-
toxins[24–26]; and small airway epithelial cells for the
evaluation of pulmonary toxicants[27–29]. This report
represents the first description of a novel experimen-
tal system, the IdMOC, which allows the treatment of
multiple cell types with one single overlying medium
(integrated) while each cell type is cultured physically
separated (discrete) from each other. The human dif-
ferentiated cells used were primary cultures of human
hepatocytes, aortic endothelial cells, astrocytes, renal
proximal tubule epithelial cells, and small airway ep-
ithelial cells, representing the liver, vascular vessels,
central nervous system, kidney, and lung, respectively.
As the toxicant studied, tamoxifen, is used in the treat-
ment of breast cancer, we also include the human breast
adenocarcinoma cell line, MCF-7, in the study.

The interconnection of the multiple cell types in the
IdMOC by a common medium has two advantages:
(1) it ensures that all cell types are treated under virtu-
ally identical conditions, thereby avoiding differences
in response due to experimental artefacts; (2) it allows
metabolites from one cell type to interact with a dif-
ferent cell type. Metabolites generated by hepatocytes,
for instance, can diffuse and interact with nonhepatic
cells. The physical separation of the cell types (each in
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ship between dose and effects, thereby suggesting that
this novel experimental systemis appropriate for the
evaluation of cytotoxicity.

The results illustrate an important application of
IdMOC: evaluation of the comparative toxicity of
an agent toward multiple cell types. As expected,
the MCF-7 cells were the cell type most sensitive
to the cytotoxicity of tamoxifen. The EC50 values
for hepatocytes (58.4 uM), HAEC (24.1 uM), astro-
cytes (31.9 uM), and RPTC (34.9 uM) were higher
than that of MCF-7 (19.9 uM). SAEC had an EC50
(11.4 uM) lower than that for MCF-7. The EC90 values
for all normal cell types (from 105.9 uM [astrocytes]
to 204.2 uM [hepatocytes]) were higher than that for
MCF-7 (62.5 uM). The EC99 values also higher for the
normal cells (from 211.8 uM [astrocytes] to 412.9 uM
[hepatocytes]) than that for MCF-7 (123.5 uM). It is
to be noted that the highest concentration used was
200 uM; calculated EC values over 200 uM are shown
only for illustrative purposes. The limited solubility
of tamoxifen precludes experimentation at dose levels
above 200 uM.

The results show that IdMOC can be used to eval-
uate the toxicity of a drug towards multiple cell types.
The rank ordering of the multiple cell types towards
tamoxifen cytotoxicity, from the most sensitive to the
most resistant, based on the different EC values are as
follows:

EC50: SAEC > MCF-7 > HAEC > astrocytes > RPTC
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n individual well) mimics the in vivo condition, whe
rgans are physically separated from each other.

dMOC, therefore, represents an in vitro system res
ling a whole organism with multiple organs, with
rgans physically separated from each other but
ected by a common medium (the overlying medium

he IdMOC versus blood in vivo). The IdMOC, the
ore, represents a new generation of in vitro exp
ental system, taking into account the complexit
ultiple organ interactions.
The results show that the IdMOC allows the qu

itative evaluation of the cytotoxicity of a chemic
owards multiple cell types. Dose-dependent cytot
ity, as indicated by cellular ATP content, was obse
or all cell types used. The linear plots of log viabil
ersus tamoxifen drug concentration (Fig. 3) for all six
ell types co-culture in the IdMOC indicate that res
btained are consistent with the theorectical relat
> hepatocytes
EC90: MCF-7 > astrocytes > RPTC > SAEC > HA
> hepatocytes
EC99: MCF7 > astrocytes > RPTC > SAEC > HA
> hepatocytes

As our study was performed using relatively low c
ensity (subconfluence), the results probably repre
n accurate depiction of the relative cytotoxicity of
ultiple cell types under conditions that allow cell

ision. It is commonly known that cytotoxic antican
gents in general are cytotoxic to most dividing ce
he relative resistance of hepatocytes towards ta

fen relative to the other cell types is probably a re
f its high metabolic capacity as well as it being a n
ividing cell type. Furthermore, as the treatment pe
sed was 24 h, the results obtained probably are
pplicable to the acute toxicity of tamoxifen.
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Our in vitro results with IdMOC appear to be con-
sistent with the known toxicity of tamoxifen, both in
terms of the multiplicity of target organs and their rel-
ative sensitivities. The toxicity of tamoxifen towards
multiple organs and tissues is a well-established phe-
nomenon, and has been attributed to estrogen receptor-
independent effects[30,31]. It is to be noted that low
dose tamoxifen treatment has been associated with neu-
rotoxicity, especially optic neuritis[32], which is con-
sistent with our observation of the high sensitivity of
astrocytes to its cytotoxicity.

The results illustrate the utility of the novel cell cul-
ture system, IdMOC, for the evaluation of drug toxic-
ity, especially for studying the comparative cytotoxicity
of an agent toward multiple cell type. It is to be em-
phasized in the IdMOC, the multiple co-cultured cell
types are exposed to the toxicant under virtually iden-
tical conditions, thereby producing results most likely
to reflect differences in sensitivity of the cell types to
the toxic effects of the drug being tested. Another ad-
vantage of the IdMOC which is not addressed in this
study is the multiple organ metabolism and the effects
of metabolites on multiple cell types. In our labora-
tories, an extensive research program is underway to
further characterize the IdMOC system for its appli-
cation in drug development, with emphasis on drug
metabolism, drug distribution, and drug toxicity.

We believe that the IdMOC represents a new gener-
ation of in vitro system for cell biology, pharmacology,
and toxicology investigation. The presence of multiple
o val-
u uld
y of
h

R

, J.
F.F.

ent,
.A.
t: re-
01)

er-

in

[4] A.P. Li, P.D. Gorycki, J.G. Hengstler, G.L. Kedderis, H.G.
Koebe, R. Rahmani, G. de Sousas, J.M. Silva, P. Skett, Present
status of the application of cryopreserved hepatocytes in the
evaluation of xenobiotics: consensus of an international expert
panel, Chem. Biol. Interact. 121 (1999) 117–123.

[5] J.C. Easterbrook, C. Lu, Y. Sakai, A.P. Li, Effects of organic
solvents on the activities of cytochrome P450 isoforms, UDP-
dependent glucuronyl transferase, and phenol sulfotransferase
in human hepatocytes, Drug Metab. Dispos. 29 (2001) 141–
144.

[6] K. Lee, Y. Vandenberghe, M. Herin, R. Cavalier, D. Beck, A.
Li, N. Verbekes, M. Lesne, J. Roba, Comparitive metabolism
of SC-42867 and SC-51089, two PGE2 antagonists, in rat and
human hepatocyte cultures, Xenobiotica 24 (1994) 25–36.

[7] Y. Shitara, T. Itoh, H. Sato, A.P. Li, Y. Sugiyama, Inhibition
of transporter-mediated hepatic uptake as a mechanism for
drug–drug interaction between cerivastatin and cyclosporin A,
J. Pharmacol. Exp. Ther. 304 (2003) 610–616.

[8] A.P. Li, N.R. Hartman, C. Lu, J.M. Collins, J.M. Strong, Ef-
fects of cytochrome P450 inducers on 17alpha-ethinyloestradiol
(EE2) conjugation by primary human hepatocytes, Br. J. Clin.
Pharmacol. 48 (1999) 733–742.

[9] A.P. Li, M. Jurima-Romet, Applications of primary human hep-
atocytes in the evaluation of pharmacokinetic drug–drug inter-
actions: evaluation of model drugs terfenadine and rifampin,
Cell Biol. Toxicol. 13 (1997) 365–374.

[10] A.P. Li, P. Maurel, M.J. Gomez-Lechon, L.C. Cheng, M.
Jurima-Romet, Preclinical evaluation of drug–drug interaction
potential: present status of the application of primary human
hepatocytes in the evaluation of cytochrome P450 induction,
Chem. Biol. Interact. 107 (1997) 5–16.

[11] A.P. Li, M.K. Reith, A. Rasmussen, J.C. Gorski, S.D. Hall, L.
Xu, D.L. Kaminski, L.K. Cheng, Primary human hepatocytes
as a tool for the evaluation of structure-activity relationship in
cytochrome P450 induction potential of xenobiotics: evaluation

07

[ ef-
0 iso-
an,

l. In-

[ .J.
i-
pato-

–71.
[ R.

one
re-
002)

[ ell,
of
142

[ ez,
.P.
rgan interaction and the possibility of discrete e
ation of organ-specific effects in the IdMOC sho
ield information more relevant to the prediction
uman in vivo drug properties.

eferences

[1] J.T. MacGregor, J.M. Collins, Y. Sugiyama, C.A. Tyson
Dean, L. Smith, M. Andersen, R.D. Curren, J.B. Houston,
Kadlubar, G.L. Kedderis, K. Krishnan, A.P. Li, R.E. Parchm
K. Thummel, J.E. Tomaszewski, R. Ulrich, A.E. Vickers, S
Wrighton, In vitro human tissue models in risk assessmen
port of a consensus-building workshop, Toxicol. Sci. 59 (20
17–36.

[2] A.P. Li, In vitro approaches to evaluate ADMET drug prop
ties, Curr. Top. Med. Chem. 4 (2004) 701–706.

[3] A.P. Li, Screening for human ADME/Tox drug properties
drug discovery, Drug Discov. Today 6 (2001) 357–366.
of rifampin, rifapentine and rifabutin, Chem. Biol. Interact. 1
(1997) 17–30.

12] C. Lu, A.P. Li, Species comparison in P450 induction:
fects of dexamethasone, omeprazole, and rifampin on P45
forms 1A and 3A in primary cultured hepatocytes from m
Sprague–Dawley rat, minipig, and beagle dog, Chem. Bio
teract. 134 (2001) 271–281.

13] S. Lloyd, M.J. Hayden, Y. Sakai, A. Fackett, P.M. Silber, N
Hewitt, A.P. Li, Differential in vitro hepatotoxicity of trogl
tazone and rosiglitazone among cryopreserved human he
cytes from 37 donors, Chem. Biol. Interact. 142 (2002) 57

14] N.J. Hewitt, S. Lloyd, M. Hayden, R. Butler, Y. Sakai,
Springer, A. Fackett, A.P. Li, Correlation between troglitaz
cytotoxicity and drug metabolic enzyme activities in cryop
served human hepatocytes, Chem. Biol. Interact. 142 (2
73–82.

15] S. Prabhu, A. Fackett, S. Lloyd, H.A. McClellan, C.M. Terr
P.M. Silber, A.P. Li, Identification of glutathione conjugates
troglitazone in human hepatocytes, Chem. Biol. Interact.
(2002) 83–97.

16] L.D. Kier, R. Neft, L. Tang, R. Suizu, T. Cook, K. Onsur
K. Tiegler, Y. Sakai, M. Ortiz, T. Nolan, U. Sankar, A



136 A.P. Li et al. / Chemico-Biological Interactions 150 (2004) 129–136

Li, Applications of microarrays with toxicologically relevant
genes (tox genes) for the evaluation of chemical toxicants in
Sprague–Dawley rats in vivo and human hepatocytes in vitro,
Mutat. Res. 549 (2004) 101–113.

[17] A.P. Li, Cell culture tool and method, US utility patent applica-
tion 0/751,983, Filed January 7, 2004.

[18] M.A. Peraza, D.E. Carter, A.J. Gandolfi, Toxicity and
metabolism of subcytotoxic inorganic arsenic in human renal
proximal tubule epithelial cells (HK-2), Cell Biol. Toxicol. 19
(2003) 253–264.

[19] S.S. Al-Ghamdi, M.J. Raftery, M.M. Yaqoob, Acute solvent ex-
posure induced activation of cytochrome P4502E1 causes prox-
imal tubular cell necrosis by oxidative stress, Toxicol. In Vitro
17 (2003) 335–341.

[20] M.A. Sens, G.R. Hennigar, D.J. Hazen-Martin, J.G. Blackburn,
D.A. Sens, Cultured human proximal tubule cells as a model for
aminoglycoside nephrotoxicity, Ann. Clin. Lab. Sci. 18 (1988)
204–214.

[21] W. Hui-lian, Z. Dong-fang, L. Zhao-feng, L. Yang, L. Qian-
rong, W. Yu-zhen, In vitro study on the genotoxicity of
dichloromethane extracts of valerian (DEV) in human endothe-
lial ECV304 cells and the effect of vitamins E and C in attenuat-
ing the DEV-induced DNA damages, Toxicol. Appl. Pharmacol.
188 (2003) 36–41.

[22] C. Fauser, E.V. Ullisch, W. Kubler, C. Haller, Differential effects
of radiocontrast agents on human umbilical vein endothelial
cells: cytotoxicity and modulators of thrombogenicity, Eur. J.
Med. Res. 6 (2001) 465–472.

[23] F. Richeux, M. Cascante, R. Ennamany, D. Sanchez, A. Sanni,
D. Saboureaun, E.E. Creppy, Implications of oxidative stress
and inflammatory process in the cytotoxicity of capsaicin in
human endothelial cells: lack of DNA strand breakage, Toxi-
cology 147 (2000) 41–49.

[24] E. Tiffany-Castiglioni, J. Zmudzki, G.R. Bratton, Cellular tar-
gets of lead neurotoxicity: in vitro models, Toxicology 42
(1986) 303–315.

[25] M. Pulver, S. Carrel, J.P. Mach, N. de Tribolet, Cultured human
fetal astrocytes can be induced by interferon-gamma to express
HLA-DR, J. Neuroimmunol. 14 (1987) 123–133.

[26] T.C. Ruijs, K. Louste, E.A. Brown, J.P. Antel, Lysis of human
glial cells by major histocompatibility complex-unrestricted
CD4+ cytotoxic lymphocytes, J. Neuroimmunol. 42 (1993)
105–111.

[27] H. Jyonouchi, S. Sun, T. Abiru, S. Chareancholvanich, D.H.
Ingbar, The effects of hyperoxic injury and antioxidant vitamins
on death and proliferation of human small airway epithelial
cells, Am. J. Respir. Cell Mol. Biol. 19 (1998) 426–436.

[28] H. Jyonouchi, S. Sun, K. Iijima, M. Wang, S.S. Hecht,
Effects of anti-7,8-dihydroxy-9,10-epoxy-7,8,9,10-tetrahydro-
benzo[a]pyrene on human small airway epithelial cells and the
protective effects of myo-inositol, Carcinogenesis 20 (1999)
139–145.

[29] H. Jyonouchi, S. Sun, V.A. Porter, D.N. Cornfield, Polycyclic
aromatic hydrocarbon diol epoxides increase cytosolic Ca(2+)
of airway epithelial cells, Am. J. Respir. Cell Mol. Biol. 25
(2001) 78–83.

[30] P. Colombo, K. Gunnarsson, M. Iatropoulos, M. Brughera, Tox-
icological testing of cytotoxic drugs (review), Int. J. Oncol. 19
(2001) 1021–1028.

[31] C.M. Cardoso, J.B. Custodio, L.M. Almeida, A.J. Moreno,
Mechanisms of the delterious effects of tamoxifen on mitochon-
drial respiration rate and phosphorylation efficiency, Toxicol.
Appl. Pharmacol. 176 (2001) 145–152.

[32] B.N. Noureddin, M. Seoud, Z. Bashshur, Z. Salem, A. Shamsed-
din, A. Khalil, Ocular toxicity in low-dose tamoxifen: a prospec-
tive study, Eye 13 (1999) 729–733.


	A novel in vitro system, the integrated discrete
	Introduction
	Materials and methods
	IdMOC
	Human cells and culturing media
	Cell culture and drug treatment
	Drug treatment
	Viability determination
	Data analysis

	Results
	Cell morphology
	Cytotoxicity

	Discussion
	References


