)

ELSEVIER Biochemical Pharmacology 61 (2001) 1217-1226

Limitations of the single-cell gel electrophoresis assay to monitor
apoptosis in U937 and HepG2 cells exposed Benydroxycholesterol

Yvonne C. O’Callaghan, Julie A. Woods, Nora M. O’Brien*

Nutritional Sciences, Department of Food Science & Technology, University College, Cork, Ireland

Received 29 June 2000; accepted 27 October 2000

Abstract

The single-cell gel electrophoresis (comet) assay is a method which allows the detection of DNA strand breaks in individual cells. It ha
been suggested that the single cell gel electrophoresis assay, as an index of DNA fragmentation during cell death, may be applied to mon
apoptosis. The aim of the present study was to determine if the pattern of DNA fragmentation determined by the single cell ge
electrophoresis assay can be used to discriminate between the mode of cell death in two cell lines (U937, a human monocytic blood c
line and HepG2, a human hepatocarcinoma cell line) which were treated witM3(B-hydroxycholesterol (BOHC) over a 48 hr period.

The single cell gel electrophoresis assay was compared with more established methods for the determination of apoptosis such
morphological examination, flow cytometry and DNA laddering. The percentage of maximally damaged nuclei as measured by the sing
cell gel electrophoresis assay was found to be similar at 48 hr in both U937 and HepG2 cells when treatg®Dwith However,
morphological examination, flow cytometry and DNA laddering techniques showedgaiC induced apoptosis in U937 cells but not

in HepG2 cells. Thus, although the alkaline single cell gel electrophoresis assay detected DNA strand breaks occurring during cell dea
these breaks were observed only when the process was fairly well advanced and a major part of the cells had lost membrane permeabi
Therefore the present report demonstrates that the single cell gel electrophoresis assay, used in isolation, cannot accurately be use
distinguish between the mode of cell death induced BOHC in U937 cells (apoptosis), or HepG2 cells (cell lysis). © 2001 Elsevier
Science Inc. All rights reserved.
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1. Introduction tecting DNA fragmentation. Such assays include flow cy-
tometry, which measures hypodiploid cells and the TUNEL
Apoptosis is an active, physiological process of cell assay which labels free DNA endis situ using terminal
death, which occurs in an orderly, controlled manner [1]. deoxynucleotidyl transferase [4].
During the process of apoptotic cell death the nuclear chro-  The single cell gel electrophoresis, or comet, assay is a
matin becomes condensed, the cytoplasm shrinks and blebsapid technique for the direct visualisation of DNA frag-
appear on the surface of the cell membrane. The DNA is mentation in individual cells and has been suggested as a
cleaved to nucleosome-sized fragments of approximately method for the detection of apoptosis [5—7]. The single cell
180 base pairs, which results in the formation of a ladder- gel electrophoresis assay may be carried out under alkaline
like pattern when the DNA is subjected to electrophoresis in conditions (pH< 10) which detects strand breaks and alkali
an agarose gel [2]. This ladder-like pattern is regarded as thelabile sites, or using a neutral pH, which is believed to
biochemical hallmark of apoptosis [3]. A number of the detect mostly double strand breaks. However, it has been
other assays used to measure apoptosis also do so by daioted that agents which cause extensive single strand breaks
can also produce comet tails in the neutral assay, due to
relaxation of DNA supercoiling [8]. The extensive fragmen-
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spherical) by their distinctive appearance, as there is almost[19] and were cultured in the absence of antibiotics. Expo-
total migration of DNA from the nucleus (comet head) into nentially growing cells were used throughout.

the comet tail [7,9,10]. However, not all comets that have

this distinctive appearance result from cells that have un- 2.3. Treatment of cells with oxysterols

dergone apoptosis [11].

The single cell gel electrophoresis assay is a powerful  HepG2 cells and U937 cells were adjusted to a density of
tool for the measurement of both DNA strand breaks and 1 X 10° cells/mL and BOHC was added to the tissue
oxidative base damage and has recently become availableulture medium to give a final concentration of 3.
commercially for these purposes (Trevigen). The single cell 7B0HC was dissolved in ethanol for delivery to cells. Con-
gel electrophoresis assay is also being used increasingly tarol cultures contained ethanol only, the final concentration
measure the occurrence of apoptosis [6,12,13]. Indeed, then the cultures did not exceed 0.3% (v/v). Cells were seeded
application notes for the commercially available kit suggest into either 6-well culture dishes for morphological analysis
that the assay can be used to measure the occurrence off nuclei or 10-cm dishes (HepG2 cells) and 25°dtasks
apoptosis. The aim of this study was to compare the effec- (U937 cells) for DNA fragmentation analysis by gel elec-
tiveness of the single cell gel electrophoresis assay as atrophoresis. Samples were incubated for up to 48 hr at
measure of apoptosis, with the more established methods37°/5% CQ. In the case of HepG2 cells, both floating and
such as DNA ladder detection on agarose gels, flow cytom- attached cells were collected for analysis in each assay.
etry and the morphological examination of nuclei after
Hoechst 33342 staining. The oxysteroB-fydroxycholes- 2.4. Cell viability
terol (780OHC) was employed to induce cell deatfBQHC
is not genotoxiqer se[14] and has previously been shown The viability of the cells was assessed over 48 hr by the
to induce apoptosis and cell lysis in a number of cell lines fluorochrome-mediated viability assay as previously de-
[15-17]. The oxysterol is commonly found in foods of scribed [20]. Briefly, cells were mixed 1:1 (v/v) with a
animal origin and is especially concentrated in highly pro- solution of fluorescein diacetate (FDA) and ethidium bro-
cessed foods, such as powdered egg yolks [18]. This studymide (EtBr), then incubated at 37° for 5 min before being
was undertaken in two human cell lines, U937, a human layered onto a microscope slide. Under these conditions,
monocytic cell line which has previously been shown to live cells fluoresce green, whereas dead cells fluoresce red.
undergo apoptosis when treated with oxysterols including Samples were examined at 200X magnification on a Nikon
7BOHC [15,17] and HepG2, a human hepatoma cell line. fluorescence microscope using blue light (450-490 nm).
The alkaline version of the single cell gel electrophoresis 200 Cells were scored from each slide and cell viability was
assay was used for this study. expressed as the percentage of viable (green) cells.

2.5. Determination of cellular glutathione levels
2. Materials and methods ) )
The cellular level of glutathione was measured according
to the method of Hissin & Hilf [21]. Briefly 4x 10° cells
were centrifuged at00,000g for 25 min. The supernatant
. . was diluted in phosphate-EDTA buffer (pH 8) and mixed
All chemicals and cell culture reagents were obtained with 1 pg/ulL solution of o-phthalaldehyde. After incuba-

from the Sigma Chemical Co. unless otherwise stated. Tis-jon 4t room temperature for 15 min, the fluorescence at 420
sue culture plastics were supplied by Costar. Information on . \va< detected after activation at 350 nm. Protein was

the purity of the BOHC (purity >95%) was obtained from  yetermined by the bicinchoninic acid (BCA) method [22].
the Sigma Chemical Co. Cell lines were obtained from the

European Collection of Animal Cell Cultures.

2.1. Chemicals and reagents

2.6. Single cell gel electrophoresis assay (comet assay)

2.2. Maintenance of cell lines The single cell gel electrophoresis assay was performed
as previously described [14,23]. Briefly 3L of a single
Human monocytic U937 cells were grown in suspension cell suspension was embedded in low melting point agarose
in RPMI-1640 medium supplemented with 2 mMglu- on a microscope slide. Samples were then placed in lysis
tamine and 10% (v/v) foetal calf serum (FCS). Human solution [containing 2.5 M NaCl, 100 mM EDTA, 10 mM
hepatoma HepG2 cells were maintained in Dulbecco’s tris(hydroxymethyl)aminomethane, 1% (v/v) Triton X-100,
Modified Eagle’s Medium (DMEM) supplemented with and 10% (v/v) dimethyl sulphoxide, pH 10] for 1 hr at 4°,
10% (v/v) FCS, 2 mML-glutamine and 1% non-essential followed by 40 min in alkaline solution (1 mM EDTA/300
amino acids. The cells were grown at 37°/5% L@ a mM NaOH) at 4°, to allow DNA unwinding to occur.
humidified incubator. Both cell lines were screened for Electrophoresis was performed, without changing the alka-
mycoplasma contamination by the Hoechst staining method line solution, at 20 V for 25 min. The slides were neutralised
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Fig. 1. Cytotoxic effects of B-hydroxycholesterol (BOHC) on U937 cells (triangles) and HepG2 cells (circles). Viable cells (A) were determined using the
FDA (fluorescein diacetate)/EtBr method as described in materials and methods and expressed as a percentage of the untreated control cdll samples.
number (B) was determined by haemocytometer counting. Samples were incubated for either 12, 24, or 48 hr (A) or 24 and 48 hr (B) in the presence (bla
symbols) or absence (open symbols) of @@ 730HC. Each point represents the mearSE of data from at least three independent experiments.
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Table 1 added. The samples were incubated at 50° for a further hour
Effect of a 12-hr incubation with #-hydroxycholesterol (BOHC) on before being loaded into the wells of a 1.5% agarose gel. A
cellular glutathione levels
100-1500bp DNA standard (Promega) was used to assess
Glutathione (nmol/mg protein) DNA fragmentation. Electrophoresis was carried out in
Cell Line Control 30uM 7BOHC 1.5% agarose gels prepared in TBE buffer (0.4%rig(hy-

droxymethyl)aminomethane, 0.45 M boric acid and 2 mM
EDTA, pH 8), at 3 V/cm. DNA was visualised under UV
light on a transilluminator (312 nm) after ethidium bromide

U937 or HepG2 cells were sonicated and centrifuged as described in thestaining and photographed using a digital camera (Kodak).
materials and methods-Phthalaldehyde was added to the supernatant and '

fluorescence was detected at 420 nm following activation at 350 nm. . . .
Protein was determined by the BCA method. Results represent themean  2-9- DNA labelling and flow cytometric analysis
SE of data from at least three independent experiments.

* P < 0.01. Cells (2 X 10°) were harveste@200 g) and the pellet
was fixed in 70% (v/v) ethanol overnight a20°. The cells

. . were then centrifuged and re-suspended in 200f PBS
(400 mM tris(hydroxymethyl)aminomethane, pH 7.4) and containing 50 ug/mL propidium iodide and 5 Kunitz
stained with ethidium bromide. Slides were coded and nu- pnase at 4° for 60 min. The sheath fluid was ISOTON I

clei were scored visually under fluorescent light (Nikon, p5an0ced electrolyte solution (Coulter). Data acquisition and
100X magnification). The level of DNA strand breaks was 4navsis (10,000 cells) were performed with an Epics Elite
expressed as arbitrary units. A total of 100 nuclei were ~q|’sorter (Coulter) [28].

scored per slide, there were 2—3 slides per sample and each

experiment was repeated 2-3 times. Nuclei were analysed, 10 siatistics

and given a score from 0 (undamaged nucleus) to 4 (severe-

ly damaged nucleus). Thus a negative control sample would A} gata points are the mean values $E) of at least 3

have a score of 0, ranging to 400 for a maximally damaged j,qependent experiments. Where appropriate, data were
sample. This visual method of analysing comet assay Sl'desanalysed by the Studenttstest.

has been employed by several research groups for a number
of years, and has been validated against image analysis
systems in both our own and other laboratories [24,25]. 3 Rasults

U937 52.9+ 3.7 13.4% 2.4*
HepG2 50.3t 2.7 52.9+ 5.2

2.7. Morphological analysis of cell nuclei 3.1. Effect of BOHC on U937 and HepG2 cell number
and membrane permeability

Nuclear morphology of control and oxysterol-treated
cells was assessed by fluorescence microscopy after staining  |ncubation with BOHC (30 uM) was toxic to both
with Hoechst 33342. After oxysterol treatment, approxi- U937 and HepG2 cells. Increasing the time of incubation
mately 4x 10° cells were centrifuged at 20@for 10 min  with the oxysterol from 12—48 hr resulted in a decrease in
to form a pellet. Hoechst 33342 stain (2pQ, 5 pg/mL cell viability as assessed by a decrease in the number of
PBS) was added and the samples incubated at 37°/5% CO cells able to exclude EtBr (Fig. 1A). The cell number in the
for 1 hr. Stained samples were placed on a microscope slide7gOHC-treated samples was also decreased relative to the
and examined under UV light (Nikon Labophot fluores- yntreated controls (Fig. 1B). Although the oxysterol had
cence microscope 400X magnification). A total of 300 cells similar effects on membrane integrity of the two cell lines,
per sample were analysed and the percentage of fragmentede|jular levels of glutathione were influenced differently
and condensed nuclei was calculated. Apoptotic cells were(Taple 1). BOHC treatment significantly reduced cellular
characterised by nuclear condensation of chromatin and/org|utathione levels of U937 cells after 12 hr, but had no

nuclear fragmentation [26] effect on HepGZ cells.
2.8. DNA fragmentation assay 3.2. Effect of BOHC on U937 cell death

Detection of small DNA fragments was done according In U937 cells, the percentage of condensed and frag-
to the method of Swatt al. [27] with some modifications.  mented nuclei increased with increasing time of oxysterol
Briefly, 2 X 10° cells were harvested and the pellets were incubation (Fig. 2A), and was significantly different from
lysed with 20uL of a solution containing 50 mM tris(hy-  control after 12 hrP < 0.01),before cell lysis was evident
droxymethyl)aminomethane, 10 mM EDTA and 0.5% (w/v) (Fig. 1A). Extensive DNA laddering, considered to be a
sodium lauryl sarcosinate. RNAse A (0.25 mg/mL) was hallmark of apoptotic cell death, was demonstrated after
added and the samples incubated at 50° for 1 hr. The24-hr treatment using agarose gel electrophoresis (Fig. 3).
condensate was spun down and proteinase K (5 mg/mL)Flow cytometry was also used to determine U937 DNA
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Fig. 2. Generation of condensed and fragmented nuclepalyytiroxycholesterol (BOHC) in either U937 cells (A) or HepG2 cells (B). Nuclei were stained

with Hoechst 33342 as described in materials and methods, and the number of apoptotic nuclei expressed as a percentage of the total numbee Samples
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content. Following incubation with@OHC, a sub-G1 peak tected and was significantly different from the control sam-
(found below the peak representing GO/G1 cells) was de-ples P < 0.01). This indicated cells with a hypodiploid
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the distribution of damage throughout the sample, the over-
M U937 H e sz all level of DNA damage was also assessed. Although the

alkaline single cell gel electrophoresis assay detected DNA
strand breaks occurring during cell death (there was a small
but significant increase in DNA migration after U937 cells
had been incubated withBDHC for 12 hr, ie, before cell
lysis had occurred) these breaks were extensive only when
the process was fairly well advanced and a major part of the
cells had lost membrane permeability (Fig. 6).

3.3. Effect of BOHC on HepG2 cell death

Although 7BOHC was as cytotoxic to HepG2 cells as it
was to U937 cells (Fig. 1), no DNA laddering was evident
in the liver cells (Fig. 3) after a 24 hr incubation period with
the oxysterol. DNA ladders were still not visible even after
48 hr incubation with the oxysterol (data not shown). For
the determination of DNA content by flow cytometry, both
floating and attached HepG2 cells were collected for anal-
ysis and the proportion with a sub-G1 DNA content deter-
mined. There was no difference between the percentage of
cells in the sub-G1 peak either in the presence or absence of
; : . 7BOHC treatment (Table 2).

Fig. 3. Induction of DNA fragmentation by gzhydroxycholesterol There was a significant increase in the percentage of
(7BOHC) in either U937 cells or HepG2 cells. DNA was isolated and condensed and fragmented nuclei in th@OHC-treated
electrophoresed in 1.5% gels (3 V/icm) as described in materials and HepG2 cells after 24 hr and 48 hr treatment, but not after 12
methods. After stai_ning yvith ethidium bromide, gels were visu_alised l_m_der hr (Fig. 2B). However these values (percentage increase)
UV light on a transilluminator (312 nm) and photographed using a digital . . .
camera (Kodak). Lane 1: control, Lane 2: g1 7B0HC. were conS|de_rany lower compared to those obtained in
U937 cells (Fig. 2A). In BOHC-treated HepG2 cells, the
single cell gel electrophoresis assay detected an increase in
DNA content, characteristic of a population undergoing the extent of DNA strand breaks and the percentage of
apoptosis. The percentage of cells found in the sub-G1 peakmaximally damaged nuclei (Fig. 5) over time and the cor-
is shown in Table 2. relation with Hoechst staining as shown in Fig. 2B was good

The single cell gel electrophoresis assay detected a shift(r> = 0.998).However the single cell gel electrophoresis
over time from mostly undamaged nuclei (d&3 & 1) to assay detected almost twice the number of maximally dam-
mostly extensively or maximally damaged nuclei (class 4; aged (class 4; approx 20%) comets compared to the Hoechst
Fig. 4) in U937 cells treated withBOHC. The increase in  method of detecting condensed and fragmented nuclei (ap-
the percentage of maximally damaged comets (class 4) overprox 10%). Also, in contrast to the U937 cells, there were
the 48 hr treatment period agreed well with the results more undamaged (class 0) HepG2 nuclei present after a
obtained by staining the cells with Hoechst 33342 as shown 48-hr incubation with BOHC.
in Fig. 2A (r> = 0.986).Previous studies have suggested When the overall level of DNA damage was considered
that these class 4 or maximally damaged nuclei can be (arbitrary units, Fig. 6) there was little difference between
produced by apoptotic or necrotic cells [29]. In addition to the values obtained for HepG2 cells and those obtained
from U937 cells, despite the fact that the U937 cells had
undergone apoptosis and the HepG2 cells had apparently
lysed. From these data alone it was not possible to deter-
mine which of the two cell types had undergone apoptosis.

Table 2
Effect of a 48-hr incubation with @-hydroxycholesterol (BOHC) on
the percentage of hypodiploid cells generated in U937 and HepG2 cells.

U937 HepG2
Control 30uM 7BOHC Control 30uM 7B0OHC 4. Discussion
27+0.3 39.0+ 4.3* 11.2+ 3.8 47+23

. . _ 7BOHC is an oxysterol commonly found in highly pro-
U937 and HepG2 cells were harvested, fixed anq stained as in the cessed foods and human plasma. AIthough not genotoxic
materials and methods. Hypodiploid cells were determined by flow cytom- t | b t Iv toxic to diff ¢ I
etry. Results represent the mearSE of data from at least three individual per se OXyS_ erols Can_ e exwremely _OX|C 0 difrerent ce
experiments. types, causing cell lysis and apoptosis to occur [14,30,31].

*P < 0.01. In the present study, similar results were obtained for cell
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as described in materials and methods, stained with EtBr, and classified into five different categories of damage. Damage classification ranged frc
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membrane permeability and DNA strand breakage when was concluded from the presence of DNA laddering, the

both U937 and HepG2 cells were treated with @M depletion of glutathione, believed to be an early event in
7BOHC. However the mode of cell death in the two cell oxysterol-induced apoptosis [32], the increase in the per-

lines was clearly different. The results obtained suggest thatcentage of hypodiploid cells and the increase of condensed
7BOHC induced apoptosis only in the U937 cell line. This and fragmented nuclei in U937 cells exposed BOHC. In
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Fig. 6. Level of DNA strand breaks (arbitrary units) as determined by the single cell gel electrophoresis assay following treatmentuMth 30
7B-hydroxycholesterol (B0OHC). DNA damage was assessed as described in materials and methods. Arbitrary units were calculated according to the equatic
(In, + 2n, + 3ng + 4n,), whereN = the number of nuclei in the respective DNA damage category. U937 control cells (open bars); U937 cells incubated
with 7B0HC (hatched bars); HepG2 control cells (solid bars); HepG2 cells incubated @R (stippled bars). Each point represents the mes8E of

data from 4 independent experiment(¥ 0.05, **P < 0.01).

contrast, there was no evidence th@OHC had induced  we were unable to distinguish the mode of cell death be-
apoptosis in HepG2 cells. There was no increase in eithertween the two cell types, based solely on the data obtained
hypodiploid cells, condensed and fragmented nuclei, nor from either total DNA damage (arbitrary units) or class 4
was there DNA laddering evident3DHC appears to be  nuclei.
one of the most cytotoxic oxysterols and has been shown to  The single cell gel electrophoresis assay has been sug-
induce either apoptosis or necrosis depending on the cellgested as an economical and simple alternative to the more
type [16,17,33]. Liver cells appear to be especially sensitive established methods for the early detection of apopiasis
to killing by 7BOHC. Derivatives of this oxysterol have vitro with the advantage that it allows the detection of
been shown to delay the development of hepatocarcinomaapoptosis in the individual cell [6,13]. Olivet al. [7]
in mice [34] while in culture, proliferating liver epithelial compared both the neutral and the alkaline versions of the
cells and fibroblasts, as well as hepatoma cells were foundsingle cell gel electrophoresis assay to conventional agarose
to be lysed by treatment withBDHC (50—-80uM) [35,36]. gel electrophoresis and flow cytometry in TK6 human B
In the present report, we used the single cell gel electro- lymphoblast cells which had been induced to undergo apo-
phoresis assay in an attempt to distinguish between differentptosis by exposure to radiation. These workers showed that
types of cell death, as cell death is accompanied by DNA both the neutral and alkaline single cell gel electrophoresis
fragmentation, either randomly or non-randomly. As the assay produced similar results which correlated well with
single cell gel electrophoresis assay has been reported to béhe results obtained by flow cytometry. Since then, the
a good method of detecting apoptosis, not only as a result ofsingle-cell gel electrophoresis assay has been adopted as a
its early detection of strand breaks, but also because of themethod to measure apoptosis in a number of cell types.
distinctive shape of the comets produced [29] we had hopedHowever there have been some reports suggesting a poor
to see an increase in DNA strand breaks prior to cell lysis in correlation between this assay and other methods of detect-
U937 cells undergoing apoptosis. A small increase in DNA ing apoptosis. Silest al. [37] compared the single cell gel
strand breaks was detected in U937 cells (Fig. 6). However, electrophoresis assay with the TUNEL assay and agarose
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gel electrophoresis as a measure of radiation induced apo- [4] Best PJ, Hasdai D, Sangiorgi G, Schwartz RS, Holmes DR, Simari
ptOSiS in eight human cancer cell lines and also found no RD, Lerman A. Apoptosis. Basic concepts and implications in coro-
. . . nary artery disease. Arterioscler Thromb Vasc Biol 1999;19:14-22.
correlation between the S'”_g'? Ce"_g?l electrophc_)re3|s assay [5] Nelms BE, Moravec R. Measuring apoptosis in individual cells with
and the other assays used |n. identifying apopt03|s. Asecond " ihe comet assay. Promega Notes 1997:64:13—6.
study by Marset al. [38] using human peripheral blood  [6] Gopalakrishna P, Khar A. Comet assay to measure DNA damage in
lymphocytes also showed large differences between strand _ apoptotic cells. J Biochem Biophys Methods 1995;30:69~73.
breaks identified by the comet assay (10%) and by the [/] Sd'r‘fd 'Tr']-'T':KrZ‘ZELrfént“;t;thF;bng'z‘zﬁ;"L”s‘?:;et‘:]eaizzi‘i'zs"s‘aei'
0 . .
TUNEL method (63 /(?). The re§ults reported in the present Radiat Res 1993:136:130—6.
study also showed discrepancies between the comet assayjg] coliins AR, Dobson VL, Dusinska M, Kennedy G, Stetina R. The
and other methods of detecting apoptosis, particularly for comet assay: what can it really tell us? Mutat Res 1997;375:183-93.
the HepG2 cells. A recent review by Tietal [39] has also [9] Florent M, Godard T, Ballet Jq, Quaduchpn P, Solg B. DeFection by
pointed out that determination of the mode of cell death the comet assay of apoptosis induced in lymphoid cell lines after
. h b d h | growth factor deprivation. Cell Biol Toxicol 1999;15:185-92.
using t e Con_1f§t a_Ssay' ased on Com_et shape alone, may bﬁO] Godard T, Deslandes E, Lebailly P, Vigreux C, Poulain L, Sichel F,
an oversimplification. Vasquez and Tice [40] have demon- Poul J, Gauduchon P. Comet assay and DNA flow cytometry analysis
strated that in terminally apoptotic or necrotic cells, the of staurosporine-induced apoptosis. Cytometry 1999;36:117-22.
DNA is so extensively fragmented that under the electro- [11] Henderson L, Wolfreys A, Fedyk J, Bourner C, Windebank S. The

. o S : ability of the comet assay to discriminate between genotoxins and
phoretic conditions of the comet assay it is simply being cytotoxins. Mutagenesis 1998:13:89-94,

eIECtrOPhorESEd out of the gel, thus underestlmatlng the[12] Tronov VA, Nikolskaya TA, Konoplyannikov MA. DNA comets as
population of these cells. These workers have developed a  markers of cells death. Biofizika 1999;44:288-95.

neutral diffusion assay [41] which does not rer on an [13] Fairb_airn DW, Olive PL, O'Neill KL. The comet assay: a compre-
electrophoresis stage to detect dying cells, but have been  hensive review. Mutat Res 1995;335:37-59.

unable to distinguish between apoptotic and necrotic nuclei [14] Woods JA, O'Brien NM. Investigation of the potential genotoxicity
' of cholesterol oxidation products in two mammalian fibroblast cell

In conclusion, the single cell gel electrophoresis assay is lines. Nutr Cancer 1998:31:192—8.
a powerful tool for the measurement of DNA strand breaks [15] Aupeix K, Weltin D, Mejia JE, Christ M, Marchal J, Freyssinet JM,
and oxidatively damaged sites. Moreover, its flexibility as Bischoff P. Oxysterol-induced apoptosis in human monocytic cell

an assay looks to be extended with application of techniques_ _ ines. Immunobiology 1995;194:415-28.

h taini ith b d idi fl [16] Lizard G, Deckert V, Dubrez L, Moisant M, Gambert P, Lagrost L.
such as staining wi romodeoxyuriding, or fluorescence Induction of apoptosis in endothelial cells treated with cholesterol

in-situ hybridisation. However the present report supports oxides. Am J Pathol 1996:148:1625-38.

the work of others in suggesting that use of this assay alone,[17] O’Callaghan YC, Woods JA, O'Brien NM. Oxysterol-induced cell
at a time when the DNA cleavage processes during cell death in U937 and HepG2 cells at reduced and normal serum con-
death are still not fully delineated, may not be accurate ___ centrations. Eur JNutr 1999;38:255-62.

h d . heth I lati . d [18] Tsai LS, Hudson CA. Cholesterol oxides in commercial dry egg
enough to determine whether a cell population Is undergo- products: Quantification. J Food Sci 1985;50:229-37.

ing apoptosis or necrosis, particularly in non lymphocyte or [19] Mowles JM. Mycoplasma detection. In: Pollard JW, Walker JM,
lymphocyte-derived cell types. The present study demon- editors. Methods in Molecular Biology, Volume V: Animal Cell

strates that the single cell gel electrophoresis assay alone  Culture. Clifton, NJ: Humana Press, 1990. p. 65-74.

et : i _ [20] Strauss GHS. Non-random cell killing in cryopreservation: Implica-
was unable to dlStIthISh betweeﬁGHC induced apopto tions for performance of the battery of leukocyte tests (BLT). |. Toxic

sis in U937 cells and necrosis in HepG2 cells. and immunotoxic effects. Mutat Res 1991;252:1-15.
[21] Hissin PJ, Hilf R. A fluorometric method for determination of oxi-
dised and reduced glutathione in tissues. Anal Biochem 1976;74:
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