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Abstract Micronucleus (MN) assay constitutes a
valuable surrogate to the chromosome aberration
technique for in vitro testing of the genotoxicity of
substances. As test substances, two peptidic com-
pounds (DOTATATE and Ubiquicidin,g_4;) used in
nuclear medicine, were tested for in vitro cytotoxicity
and genotoxicity in CHO-K1 cells. None of the
compounds showed detectable cytotoxicity (0.5-
7.3 ng/mL for DOTATATE and 0.3-4.5 ng/mL for
UBl,9.41), genotoxicity (0.72, 7.2 and 72.0 ng/ml for
DOTATATE and 0.45, 4.5 and 45.0 ng/mL for
UBl,94;) or cell cycle changes as compared to
untreated controls at the concentrations tested. Sta-
tistical analysis showed good concordance between
two independent analysts. The results corroborate the
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notion of the safety of the compounds and present
improvements of the in vitro MN assay when
performed in a pre-clinical trial context that increase
the throughput of small-to-medium testing facilities
as an alternative to high content screening systems.
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Introduction

Nuclear medicine technologies have been used since
the middle of the last century in order to diagnose and
treat patients with oncological diseases (Casar et al.
2016). The use of these technologies often involves
the administration of radiopharmaceuticals, which are
specific bioactive compounds that carry radioactive
isotopes and have the ability to turn cells, tissues or
organs into detectable targets.

The success of treatment or diagnosis depends
fundamentally upon the choice of an appropriate
radionuclide and its carrier molecule, in order to
ensure that the radionuclide is delivered directly to
the tumor target. Several associations between carri-
ers and isotopes are currently marketed, comprising a
family of products for use in human health that shows
diagnostic and therapeutic potential (Chaturvedi and
Mishra 2016; van Es et al. 2016).
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Small peptides present many advantages over other
bioactive molecules (like proteins and monoclonal
antibodies): they can be easily designed and synthe-
sized to optimize their affinity for a particular receptor
and thus display a more specific biodistribution pattern
and favorable pharmacokinetics, rapid blood clear-
ance, and can also reach the peptide receptors on tumor
cells more efficiently (Okarvi 2008).

[DOTA, Tyr3] octreotate (DOTATATE) is part of a
family of peptidic compounds with affinity for somato-
statin receptors (sst2 and sst5) (Johnbeck et al. 2014).
Somatostatin receptors are expressed in considerable
amounts in cells of neuroendocrine tumors (pancreas,
thyroid, colon, breast, gastrointestinal tract) (Nilica
et al. 2016) and are associated with intracellular
G-protein in the cytoplasm and are internalized after
binding with a specific ligand (Cescato et al. 2006).
Thus, the use of molecules that mimic the binding of sst
is an important tool for the detection and treatment of
both primary and metastatic tumors, being widely used
for conjugation with the radioactive isotopes (*”’Lu,
1311, 8Ga) used in positron emission tomography
(PET). Another peptide, Ubiquicidin,g 41 (UBIyg.41) is
a synthetic cationic peptide with antimicrobial activity
with affinity for the cell walls of microorganisms
(Akhtar et al. 2005). Its use as a diagnostic radiophar-
maceutical (gngC—UB129_4]) for fungal (Lupetti et al.
2011) and bacterial infections has been shown to be
promising. One of its main positive features is the
ability to differentiate septic inflammatory foci regions
from aseptic inflammation, aiding in the choice of
treatment of patients suffering from various infections
(Ostovar et al. 2013).

For pharmacological safety reasons, it should be
considered that these bioactive compounds might also
have the ability to induce significant cytotoxic or
genotoxic damage and this can be tested with non-
radioactive pharmacologically active compounds.
Analysis of the unlabeled compounds is encouraged
(Harapanhalli 2010) and thus to be preferred for
testing in pre-clinical trials. In particular, the genetic
toxicity can be evaluated via genotoxicity tests that
assess the presence or absence of damage caused
directly or indirectly to DNA strands.

Among the various in vitro assays, assessment of the
frequency of micronuclei (MN) is one of the methods
of choice in the development of toxicological safety
tests (OECD 2010). Its performance is based on the
count of unrepaired double-strand breaks in the DNA

@ Springer

of cells exposed to various damaging agents, chemical
or physical, such as ionizing radiation. In interphase
cells, the consequences of such breaks are presented as
micronuclei, which are small clusters (compared to cell
nuclei) of DNA localized apart from, but stained
similarly to, the main nucleus. These MN may
originate from acentric fragments, as well as from
whole chromosomes that are unable to migrate with the
rest of the chromosomes during the anaphase of cell
division (Fenech 2000). Increased proportions of cells
bearing micronuclei (frequency of cells with MN), as
well as their quantity in the cytoplasm of analyzed cells
(number of MN per cell) are indications of genotoxic
damage. This increase may be related to the concen-
tration used of the test substance, leading to an
assessment of the genotoxic potential of the same
(Speit et al. 2011). The test protocol is performed after
exposure of the cells to varying concentrations of a
particular test substance. After this period, the cells are
fixed, appropriately stained and subjected to analysis
by optical (Heddle et al. 2011) or fluorescence (Celik
et al. 2005) microscopy.

High content screening (HCS) approaches are being
developed to improve the quality and speed of genotox-
icity test results, relying on micronuclei formation
(Westerink et al. 2011) or on other types of DNA damage
markers (Sobol et al. 2012). These approaches are usually
based on the automated analysis of digitally acquired
images of binucleated cells with micronuclei, requiring
the use of specific equipment. The goal of the present
study was to evaluate the cytotoxicity and genotoxicity of
non-radioactive DOTATATE and UBl,g_4; in CHO-K1
cells through a modified in vitro MN assay, introducing
subtle changes in the cell culture and fluorescent staining
protocols that offer small-to-medium facilities an inter-
mediate alternative to increase throughput. In this study,
non-radioactive DOTATATE and UBl,g_4; were tested
via non-automated microscopic evaluations. Neither
compound showed cytotoxicity or genotoxicity at the
concentrations employed.

Materials and methods
Cell line
CHO-K1 cells, subclones of Chinese hamster ovary

cells (ATCC CCL-61), were utilized as the test
system, following recommendations of the reference



Cytotechnology

for the in vitro testing of chemicals (OECD 2010) and
by the fact that these cells present many inherently
advantageous characteristics (relatively rapid growth
rate with a stable karyotype of 22 + 2 chromosomes
and belong to a genetically stable cell line) (Santos
et al. 2014). The cells were maintained in Dulbecco‘s
Modified Eagle Medium (DMEM, n2 12800017,
Gibco/Life Technologies, Carlsbad, USA) supple-
mented with 10 % (v/v) fetal bovine serum (FBS,
n?. 12657-029, Gibco/Life Techonologies) without
antibiotics in incubators with constant temperature
(37 °C) and controlled atmosphere containing 5 %
CO,. After reaching 70-80 % confluence, cells were
detached with phosphate buffer saline solution
(PBS) + 0.5 % trypsin, and maintained in culture
medium for experiments.

Peptides

Commercial Ubiquicidine,g.4; (UBlyo4;, ABX,
Radeberg, Germany) and [DOTA, Tyr3] octreotate
(DOTATATE) (PiChem, Graz-Andritz, Austria) were
provided as lyophilized powders by the Quality
Assurance of the Radiopharmacy Center (CR) of
the Institute of Nuclear Energy Research (IPEN/
CNEN-SP). For the cytotoxic evaluation, the peptides
were prepared in DMEM without serum to obtain
concentrations of 0.5-7.3 ng/mL for DOTATATE
and 0.3—4.5 ng/mL for UBI,94;. For the genotoxic
evaluation, concentrations equivalent to 1/10, 1 and
10 times the maximum dose given to each adult
patient were administered to the cells: 0.72 (1/10
times), 7.2 (1 time) and 72 ng/mL (10 times) for
DOTATATE and 0.45 (1/10 times), 4.5 (1 time) and
45 ng/mL (10 times) for UBI,9.4; Considering the
recommended maximum doses for diagnostic pur-
poses, the concentration range of peptides was chosen
by considering, as reference, a male of 70 kg body
weight with 5.5 L of blood receiving an intravenous
injection of 40 pg of DOTATATE or 25 pg of UBILg.
41- In this manner, we considered “10 times” the
maximum feasible dose administered to each adult
patient, simply because the product presentations do
not allow higher amounts in a single vial. Cell
cultures, cytotoxicity and genotoxicity experiments
were carried out following OECD specific guidelines
and in accordance to the good laboratory practices
(GLP) for regulatory purposes to guarantee safety and
efficacy assessment.

Cytotoxicity assay: cell viability test

To assess cell viability, a colorimetric assay based on
the MTS-PMS assay (Promega Corp., Madison, WI,
USA) was adopted. CHO-K1 cells maintained in
DMEM with 10 % FBS were seeded in 96-well plates
(104 cells/well, 100 pL per well) and maintained for
24hat37 °Cwith 5 % CO,. Deionized water (5 pL/mL
in culture medium) was used as the vehicle control
(VC). After that, the cells were incubated with different
concentrations of DOTATATE (0.5, 0.9, 1.8, 3.6 and
7.3 ng/mL)and UBl,9 4, (0.3,0.6,1.1,2.3and 4.5 ng/mL)
for 24 h. The cell density was determined by adding
20 pL/well of MTS (2 mg/mL) (3-(4,5-dimethylthiazol-
2-y1)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-
tetrazolium and PMS (0.92 mg/mL) (phenazinemethosul-
fate) in a 20:1 ratio (v/v). After 2 h of incubation, the
absorbance values were obtained by the spectrophoto-
metric reading at 490 nm. Each concentration of the
compound was tested in quadruplicate in three inde-
pendent assays. Results were expressed as the
percentage of viable cells, with 100 % referring to
control cells. The test compound was not considered to
be cytotoxic if the cell viability value was at least 90 %
of the untreated or negative controls.

Genotoxicity assay: modified MN test

For the genotoxic evaluation, the MN test was con-
ducted according to the cytokinesis block method
(Fenech 2007) to obtain binucleated cells. Thus,
300 pL of cell suspension were seeded directly on
sterile glass coverslips (15 x 35 mm, Perfecta), placed
on 6-well plates (2.5 x 10° cell/well) and maintained for
24 h for adhesion at 37 °C with 5 % CO,. After this time,
the coverslips were washed with 3 mL of PBS (pH 7.4)
and 2 mL of DMEM medium was added. After 24 h, the
cells were treated with peptides (DOTATATE and
UBl,9.4;) diluted in fresh medium without serum at
concentrations of 1/10, 1 and 10 times. Three reference
mutagens, mitomycin C (MTMC) and colchicine
(COLCH), as direct mutagens, and benzo[a] pyrene
(BZP), as an indirect mutagen that requires metabolic
activation (hepatic S9), were used. Thus, mitomycin C
(2.5 pg/mL) (Sigma-Aldrich, St. Louis, MO, USA, CAS
50-07-7), colchicine (1.1 pg/mL) (Sigma-Aldrich, CAS
64-86-8) and benzo[a] pyrene (0.464 mg/mL) (Sigma-
Aldrich, CAS 50-32-8) with hepatic (rat) S9 (0.476 mg/
mL) (Moltox, Boone, NC, USA, CAS 11097-69-1) were
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used as positive controls and NaCl (0.9 %) with and
without S9 activation, as negative control, maintained
for 4 h at 37 °C with 5 % CO,. After treatment,
cultured cells on coverslips were washed twice with
PBS and Cytochalasin-B (CytoB) (4 pg/mL) (Sigma-
Aldrich, CAS 14930-96-2) was added. After that, the
cultured cells on coverslips were washed with PBS,
incubated with isotonic solution (0.9 % NaCl) for
15 min, fixed with 4 % paraformaldehyde in PBS for
15 min, washed three times with PBS and left to dry
at room temperature for at least 24 h. Fixed cells on
coverslips were stained with 50 pL of acridine
orange (100 pg/mL) (Sigma-Aldrich, CAS 10127-02-
3), mounted on slides and observed with a fluores-
cence microscope (Nikon 80i, Tokyo, Japan), through
a proper filter set (excitation filter of 450-490 nm,
emission filter of 515 nm) at 40x magnification. In
this procedure, the MN and nuclei appeared bright
green and the cytoplasm red, allowing an unequivocal
identification of MN in the cells. The samples were
coded and randomly counted by two analysts. A
minimum of 1000 binucleated cells exhibiting or not
MN were counted per sample, by each analyst, also
taking into consideration the number of mono- and
multi-nucleated cells to determine the cytokinesis-
block proliferation index (CBPI), a parameter that
indicates whether the treatments induce cell- cycle
disturbances. For this calculation the formula used
was: CBPI = (M1 + 2 x M2 + 3 x M3)/N, where
M1, M2 and M3 represent the number of mono-, bi-
and multinucleated cells, respectively, and N is the
total number of binucleated cells scored. For each
sample, binucleated cells with MN are counted up to
4 MN in order to discriminate from the potential
apoptotic events. Results were expressed as the
percentage of binucleated cells with MN. The
genotoxicity was classified as severe (MNgequency
Sample 23 x MNfrequency C)7 mild (MNfrequency
Sample 2 2 x C) or non-genotoxic (MNgequency
Sample < 2 x  MNgrequency C)-

Statistical analysis

All results were analyzed using the GraphPad Prism
program (version 5.0), which was also utilized for the
elaboration of figures and tables. Comparisons
between the data were performed using the two-
way ANOVA and Bonferroni post-analysis with a
limit for statistical significance of p < 0.05.
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Results
Cytotoxicity assay

Figure 1 shows the viability data obtained for CHO-
K1 cells treated with different concentrations of
DOTATATE (a) and UBI,g_4; (b). Peptides per se did
not induce any cytotoxic effect at the tested concen-
trations. The statistical analyses showed no
significant differences (p > 0.05) between the treated
samples and the respective controls (without treat-
ment and vehicle).

Genotoxicity assay

The modified MN assay using adherent cells and
acridine orange staining improved the identification
of MN in binucleated cells, permitting accurate
analysis and visualization of cellular events (Fig. 2).
Other representative events of the cell cycle can also
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Fig. 1 Cell viability (% of controls) of CHO-K1 cells exposed
to different concentrations of DOTATATE (a) and UBI,g_4;
(b). Dashed and dotted lines indicate 90 and 50 % of control
cell viability, respectively. Columns represent the means from
quadruplicates and bars depict the SEM values. V'C vehicle
control
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Fig. 2 Microscopic preparations of CHO-K1 cells showing the
typical aspect after acridine orange staining. a Binucleated
cells and the arrow indicate a micronucleus inside of the
binucleated cell; b nucleoplasmatic bridge; ¢ metaphase and
d cell exhibiting an apoptotic morphology. Bars represent
15 pm

Fig. 3 Percentages of
binucleated cells with
micronuclei (%BNCMN) in
CHO-K1 cells treated with
DOTATATE (a) or
UBI-29,41 (b) without S9
and with S9 activation
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be observed, such as nucleoplasmic bridges (NPB)
(2b), metaphases (2c) and cells with apoptotic
morphology (2d).

The frequency of binucleated cells with MN was
adopted as the main parameter for genotoxic evalu-
ation (Fig. 3). Table 1 summarizes the data
concerning the percentage of binucleated cells with
MN treated with DOTATATE and UBiyg_4;, with or
without metabolic activation, with the corresponding
p values.

CHO-K1 cells treated with DOTATATE and
UBIl,9.4; showed no difference from the controls
(» > 0.05) and, consequently, the peptides can be
considered to be non-genotoxic (<2 x controls) for
all tested concentrations, even at higher concentra-
tions corresponding to ten times the maximum doses
administered to adults. Also, the negative control
(NaCl) did not induce significant changes for the two
tested peptides (carrier molecule) when compared to
the controls (»p > 0.05). However, CHO-K1 cells
treated with positive controls (MTCC, BZP and
COLCH) showed a significant increase in %
BNCMN compared to the controls, especially MTCC
and BZP, which showed highly a significant
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Table 1 Percentages of binucleated cells bearing micronuclei observed in cultures treated with DOTATATE or UBI,94; and in

positive and negative control cultures

DOTATATE

UBly9.41

) S9 pvalue  (+)S9

p value

(-) S9 p value (+) S9 p value

1.74 £ 005 - 303 £0.15 -
NaCl 245 £ 042  >0.99 2.1 £0.02
MTMC 23.82 £ 2.15 <0.0001 - -
COLCH 7.84 £0.73  =0.0119 - -
BZP - - 17.09 £ 1.21
0.1x 231 £0.15 >0.99 4.40 £ 0.07
1x 244 £ 035 >0.99 275 £ 0.58
10x 231 £042  >0.99 2.85 £0.16

Control

>0.99

<0.0001 - -
=0.5313
>0.99
>0.99

2.02 £ 0.09 -
22 £ 031 =0.98
3248 £ 12.83
18.96 £ 1.99

3.146 £ 055 -
225+ 0.13 =034
<0.0001 - -

=0.0184 - -

11.03 £+ 1.47 <0.0001
245 £0.18 =0.46
232+£022 =0.38
243 £0.17 =045

2.34 £ 0.08 =0.96
2.854 £ 0.39 =0.90
2.61 £ 0.16 =0.93

Fig. 4 Cytokinesis-block

proliferation index (CBPI) a)
obtained in CHO treated 2.0
with DOTATATE or ] M=
UBI-29,41 without (a, b) or 1.5 (XXX ]
with (¢, d) S9 activation.
Only positive controls
showed significant

_

CBPI

DOTATATE

(b) UBl29.41

2.0

1.5 ecece

CBPI

1.0

0.5

1.0
differences in relation to 0.5
controls. 00@®
p < 0.0001; @@ p < 0.01. 0.0
&

Columns represent means 00

O
from duplicates and bars éﬂ@ o WO o

depict SEM values.

Concentration of peptides:

x0.1 = 0.72 ng/mL, (c)
x1 = 7.2 ng/mL,

x10 = 72.0 ng/mL to 201 ==
DOTATATE and
x0.1 = 0.45 ng/mL,
x1 = 4.5 ng/mL,
x10 = 45 ng/mL

to UB129,41

CBPI

0.5

0.0

(d)
2.0

1.5 XYy’

CBPI

1.0

0.5

difference (p < 0.0001) in relation to the respective
controls.

Cytokinesis-blocking proliferation index: CBPI

Counts of mono-, bi- and multinuclear cells were
used in the CBPI calculations. Indexes obtained from
cultures exposed to DOTATATE without (a) or with
(c) S9, or to UBI-9.4; (b,d), are shown in Fig. 4.
Cultures treated with positive controls (MTMC,
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COLCH and BZP) showed significant decreases of
the indexes, and samples treated with DOTATATE or
UBI-59_4; showed values with no statistical difference
from the negative controls (CC and NaCl 0.9 %).

Comparisons between two independent analysts
After coding and randomization, the microscopic

preparations from two independent experiments with
UBl,94; were analyzed by two individual analysts.
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Fig. 5 Statistical (a) (b)
differences between 100
scorings from experiments E :I .o o1 On
using UBI-59.4; in CHO-K1 80 — 2.07 R e EBE
cells performed by two é
independent analysts (I and o 60 o 1.5
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d with S9. 000® Q 40 1.0
p < 0.0001; 90® °
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Percentages of BNCMN (a,c) and CBPI (b,d) are
shown in Fig. 5. Significant differences could be
observed in (a) MTMC cultures (p < 0.001) and for
(c) BZP (p < 0.0001). All other tested samples showed
no difference between the scorings by analysts I and II,
including in the CBPI calculation experiments.

Discussion

Micronuclei scoring is a widely adopted method for
determining whether any compound, cytotoxic or not,
has the potential to induce double strand breaks (DSB)
in the DNA of cells. To assess the genotoxicity of a
substance, MN scoring is performed routinely, with
great advantage over dicentric-ring chromosome anal-
ysis for biological dosimetry of ionizing radiation,
although its occurrence is not specific to radiation-
induced DSB (De Lemos Pinto et al. 2010). As a
toxicology endpoint, MN scoring can be confused by
metabolic and/or systemic conditions, such as those
due to nutritional causes (Ferguson and Fenech 2012;
Nair-Shalliker et al. 2012). Considering some

restrictions (Elhajouji et al. 2011), MN scoring from
collected samples such as peripheral blood lympho-
cytes, buccal exfoliated cells (Naga 2016) or urine-
derived cells (Nersesyan et al. 2014) can be performed
to detect exposures to toxic substances (Demarini
2013) or cancer risk (Bonassi et al. 2011).

Beyond its capabilities to detect genotoxic damage
in biological samples, the assay can be applied to the
in vitro testing of pharmaceutical compounds. Radio-
pharmaceuticals and biologically active compounds
(such as the peptides used in this study) could be
tested following the same protocols. Induction of MN
in vitro by biologically active molecules conjugated
to PET-emitter isotopes could be detected and related
to other endpoints for DNA breakages, such as 53BP1
assembly at break sites (Kashino et al. 2014). This
work chose two peptides that are core elements of
widely used radiopharmaceuticals, and the lack of
cyto/genotoxicity was expected, as the experiments
indeed showed.

Because the components of the already marketed
products DOTATATE and UBI,9_4; were assayed for
cytotoxicity only up to the calculated in vitro
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equivalents of their recommended concentrations in
adults, used as the rational dilution basis for geno-
toxicity experiments. The test system (hamster vary
cells) does not express somatostatin receptors, and
thus DOTATATE should not be able to bind and/or
be internalized by cells, which might explain the lack
of in vitro toxicity. In a clinical study, *®Ga-labelled
DOTATATE did not induce remarkable toxicity in
patients that received up to 50 pg per injection, a
higher concentration than those adopted for this study
(Deppen et al. 2016). In same way, UBI,9 4; should
not be internalized by cells due to its lack of bacterial
peptidic motifs that would bind to the test substance.
Other authors reported cytotoxicity in human hepatic
LO02 cells only at concentrations above 4 pM (about
670 ng of peptide in 100 L) (Liu and Gu 2013), a
concentration much higher than the used in the
present experiments.

For genotoxicity assessment, the maximum con-
centrations were calculated using the maximum
feasible dose concept, as stated in the Materials and
Methods section. Previous studies showed that the
peptide DOTATATE alone (without radioactive
conjugation) did not induce significant genotoxic
damage in human lymphocytes in vitro, at concen-
trations up to 1700 ng/mL (IAEA 2007), higher than
the concentrations of this study. No consistent data on
the genotoxicity potential of UBl,9_4; was found or
analyzed by the present study. In this way, one could
consider that the chosen concentration range is
acceptable for the conclusions of this study.

Acridine orange staining is far from an innovation
in MN scoring techniques. A very consistent refer-
ence base is available (Cavas 2008; Heddle et al.
2011; Polard et al. 2011). Nevertheless, its utilization
can be preferable in many preparations. The most
relevant among the discrete proposals employed in
the methodology would be the cell preparation made
directly on coverslips. Classical preparation methods
can tend to overspread the cells on slides, increasing
the scoring time. For toxicology studies, collected
cell suspensions (or non-adherent cells) can be more
easily analyzed if laid on slides through cytocen-
trifugation, as in “Cytome Assays” (Fenech 2007;
Salimi et al. 2016). Using the same principles, cells
can be grown directly on the substrate, preventing
dispersion events. These principles are also applica-
ble to innovative approaches for assessing in vitro
genotoxicity. Micronuclei scoring of cells grown on
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microplates (Fenech et al. 2013; Bernardi et al. 2014)
also promotes the accumulation of events, which
improves visualization and image acquisition. How-
ever, these systems are generally not affordable for
small test facilities.

Our work proposes modifications of a traditional
method that were successfully adopted in GLP
routines. As expected, only positive genotoxic con-
trols could induce MN formation in cells. Thus, this
work is in consonance with the effects of the peptides
already described during safety tests. Inter-analyst
evaluation showed good concordance between read-
ings, despite some inconsistencies for MTMC or
BZP-treated cultures. It should be possible to reduce
this effect by decreasing the time between the
separate analyses, but further investigation may be
necessary to evaluate this hypothesis. A study with a
larger number of samples and analysts would be a
reliable way to test if differences could be credited to
degradation of fixed material over time, or to real
differences in the analyses. However, the CBPI
calculations did not show significant differences
between counts by the two analysts, perhaps sug-
gesting a relatively acceptable level of preservation
of fixed material on coverslips. Apart from these
goals, the method also would allow compatibility
with image analysis, through manual or automatic
acquisition, further expanding its capabilities. Meta-
phases, and mainly nucleoplasmic bridges, could be
observed clearly in this study, and their detection
could be profitably used in other studies as related by
another study (Tian et al. 2016).

Conclusion

DOTATATE and Ubiquicidin,g_4; did not induce any
detectable in vitro cytotoxicity or genotoxicity in our
test system under concentrations up to ten times the
maximum recommended doses per patient. Modifi-
cations of the micronucleus scoring technique,
including cell culturing directly on slides and opti-
mization of acridine orange staining, could be carried
out in a GLP in compliance with regulatory purposes.
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