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Standard Guide for
Determining DNA Single-Strand Damage in Eukaryotic Cells
H 1
Using the Comet Assay
This standard is issued under the fixed designation E 2186; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.
1. Scope photoactive DNA damaging compoun@s4), or detection of

1.1 This guide covers the recommended criteria for perSPecific DNA lesiong3, 18)
forming a single-cell gel electrophoresis assay (SCG) or Comet 1.3 This standard does not purport to address all of the
assay for the measurement of DNA single-strand breaks ifafety concerns, if any, associated with its use. It is the
eukaryotic cells. The Comet assay is a very sensitive methotgSponsibility of the user of this standard to establish appro-
for detecting strand breaks in the DNA of individual cells. ThePriate safety and health practices and determine the applica-
majority of studies utilizing the Comet assay have focused ofility of regulatory requirements prior to use.
medical applications and have therefore examined DNA dam- 1.4 This guide is arranged as follows:

age in mammalian cells in vitro and in vi\d-4).?2 There is Section
increasing interest in applying this assay to DNA damage in Scope 1
freshwater and marine organisms to explore the environmental Referenced Documents 2
implications of DNA damage. ;efmim'ogyf cuid i
ummary o uiae
1.1.1 The Comet assay has been used to screen the geno- Significance and Use 5
toxicity of a variety of compounds on cells in vitro and in vivo Equipment and Reagents 6
(5-7), as well as to evaluate the dose-dependent anti-oxidant ﬁssaty P“:Cff;d;ffs ;
. . . - reatment or Data
(protective) properties of various compour(@s 8-11) Using Reporting Data 9
this method, significantly elevated levels of DNA damage have Keywords 10
been reported in cells collected from organisms at polluted Annex Al

sites compared to reference sit@-15) Studies have also References

found that increases in cellular DNA damage correspond witt2. Referenced Documents

higher order effects such as decreased growth, survival, and » 1 ASTM Standards:

devglopment, and correlate with significant increases in con- £ 1706 Test Methods for Measuring the Toxicity of

taminant body burdendl3, 16) - Sediment-Associated Contaminants with Fresh Water In-

1.2 This guide presents protocols that facilitate the expres- \arteprate®

sion of DNA alkaline labile single-strand breaks and the g1847 practice for Statistical Analysis of Toxicity Tests

determination of their abundance relative to control or refer-  ~qnqucted Under ASTM Guidelinks

ence cells. The guide is a general one meant to familiarize lab

personnel with the basic requirements and consideratior3. Terminology

necessary to perform the Comet assay. It does not contain 3 1 The words “must,” “should,” “may,” “can,” and “might”

procedures for available variants of this assay, which allow theg,5,e very specific meanings in this guide. “Must” is used to

determination of non-alkaline labile single-strand breaks Ofypress the strongest possible recommendation, just short of an

double-stranded DNA strand break®), distinction between apgolute requirement. “Must” is only used in connection with

different cell types(13), identification of cells undergoing tactors that relate directly to the acceptability of the test.

apoptosis (programmed cell deafi, 17), measurement of «ghoyig” is used to state that the specific condition is recom-

cellular DNA repair rateg10), detection of the presence of mended and ought to be met if possible. Although violation of
on “should” is rarely a serious matter, the violation of several
will often render the results questionable. Terms such as “is

* This guide is under the jurisdiction of ASTM Committee E47 on Biological deswa}ble," is Of,ten d,eSIrabIe,’" and “mlght be deswaple” are
Effects and Environmental Fate and is the direct responsibility of Subcommitteéflsed in connection with less Important factors. ‘May” is used

E47.02 on Terrestrial Assessment and Toxicology.

Current edition approved April 10, 2003. Published June 2003. Originally
approved in 2002. Last previous edition approved 2002 as E2186-02. -

2 The boldface numbers in parentheses refer to the list of references at the end of * Annual Book of ASTM Standardgol 11.01.
this standard. 4 Annual Book of ASTM Standardgol 11.05.
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to mean “is (are) allowed to,” “can” is used to mean “is (are) 3.3.1 comefn—name based on the appearance of individual

able to,” and “might” is used to mean “could possibly.” Thus stained nuclear DNA and associated relaxed or fragmented

the classic distinction between “may” and “can” is preservedDNA migrating out from the nuclear DNA observed under the

and “might” is never used as a synonym for either “may” ormicroscope following these assay procedures.

“can.” 3.3.2 DNA migration distance, tail length, comet tail length
3.2 Definitions: n—distance in microns between the leading edge of electro-

3.2.1 CCD cameran—charge coupled device (CCD) cam- phoret.ically migrating DNA and the closest edge of the
era is a light sensitive silicon solid state device composed ofssociated nuclear DNA (head). _
many small pixels. The light falling on a pixel is converted into  3-3-3 head, comet head—portion of a comet comprised of
a charge pulse which is then measured by the CCD electronid§€ intactimmobile nuclear DNA. .
and represented by a number. A digital image is the collection 3-3-4 tail, comet tail n—portion of a comet comprised of
of such light intensity numbers for all of the pixels from the the DNA migrating away from the intact/immobile nuclear
CCD. A computer can reconstruct the image by varying thNA.
light intensity for each spot on the computer monitor in the 3.3.5 tail momentn—a calculated value used to express the

proper order. Such digital images can be stored on diskdistribution of DNA migrating from the comet head. Image
transmitted over a computer network, and analyzed usin&nalyss software applies an algorithm to the digitized image of
image processing techniques. stained DNA and associated migrating DNA tail, which in

essence defines the limits of the comet, subtracts background,
and determines the boundaries and staining intensity of the
nucleus and comet tail. The calculated product of the percent of
éDNA in the tail and the tail length is defined as the tail moment.

3.2.2 cell lysis n—the process of breaking open a cell by
disruption of the plasma membrane.

3.2.3 DNA, n—acronym for deoxyribonucleic acid, the
substance that is the carrier of genetic information found in th
chromosomes of the nucleus of a cell. 4. Summary of Guide

3.2.4 DNA denaturation n—refers to breaking hydrogen 41 cells collected from organisms under different levels or

bonds between base pairs in double-stranded nucleic acighes of stress are dispersed and immobilized in agarose gel on
molecules to produce two single-stranded polynucleotide polymicroscope slides. The slides are placed in a solution to lyse

mers. _ _ _ and disperse cell components, leaving the cellular DNA
3.2.5 DNA lesion n—a portion of a DNA molecule which  immobilized in the agarose. The DNA is denatured for a
has been structurally changed. specified period of minutes by immersing the slides in an

3.2.6 DNA supercoiling n—the condition of DNA coiling alkaline solution. Strand breaks in the denatured cellular DNA
up on itself because its helix has been bent, overwound, aesults in higher degree of supercoil relaxation: the more
underwound. breaks, the greater the degree of relaxation. Given a sufficient

3.2.7 DNA supercoil relaxation n—upon denaturation, degree of relaxation, the application of an electric field across

DNA strand breaks allow the supercoiled DNA to unwind orthe slides creates a motive force by which the charged DNA
relax. may migrate through the surrounding agarose, away from the

3.2.8 double-stranded DNAn—a structural form of DNA  immobilized main bulk of cellular DNA. Following electro-
where two polynucleotide molecular chains are wound aroun@horesis, the alkaline conditions are neutralized by rinsing the
each other, with the joining between the two strands vieSlides in a neutral pH buffer and fixation of slide and its
hydrogen bonds between complementary bases. contents in ethanol. The DNA in the fixed slides is stained with

3.2.9 electrophoresisn—a method of separating large mol- fluorescent DNA stain and visualized using a fluorescent

ecules (such as DNA fragments or proteins) from a mixture Ofmclroscope. MIgI‘?tIIOI’] ﬂstance of DNA away from the
similar molecules. An electric current is passed through &ucleus, comet tail length, can be measured by eye using an

medium containing the mixture, and each kind of moleculelcular micrometer. Comet tail length, percent DNA in tail, tail

travels through the medium at a different rate, depending on itd"oment, and other DNA migration values can be calculated

electrical charge and size. Separation is based on these difféfith the use of image analysis software.

ences. Agarose and acrylamide gels are the media commondy gjgnjficance and Use

used for electrophoresis of proteins and nucleic acids.
3.2.10 eukaryotic cell n—cell with a membrane-bound,

structurally discrete nucleus and other well-developed subce

5.1 Acommon result of cellular stress is an increase in DNA
amage. DNA damage may be manifest in the form of base
lterations, adduct formation, strand breaks, and cross linkages
. . . Fttlg). Strand breaks may be introduced in many ways, directly
viruses, bacteria, _and cyanobacteria (blue—gre_en algae). by genotoxic compounds, through the induction of apoptosis or
3.2.11 ocular micrometer n—a graduated grid placed be- pecrosis, secondarily through the interaction with oxygen
tween the viewer's eye and an object being observed under @gicals or other reactive intermediates, or as a consequence of
microscope, to measure the object’s size. excision repair enzymeg®0-22) In addition to a linkage with
3.2.12 single-stranded DNAn—linear polymers of DNA  cancer, studies have demonstrated that increases in cellular
resulting from the breaking of hydrogen bonds betweerDNA damage precede or correspond with reduced growth,
complementary base pairs in double-stranded DNA. abnormal development, and reduced survival of adults, em-
3.3 Definitions of Terms Specific to This Standard: bryos, and larvaél6, 23, 24)
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5.1.1 The Comet assay can be easily utilized for collectingentrations, or other factors. It is recommended that cells
data on DNA strand breakad®, 25, 26) It is a simple, rapid, representing those to be studied using the SCG/Comet assay be
and sensitive method that allows the comparison of DNAexamined under the light or fluorescent microscope using
strand damage in different cell populations. As presented in thistains capable of differentially staining different cell types.
guide, the assay facilitates the detection of DNA single strand/lorphological differences, staining characteristics, and fre-
breaks and alkaline labile sites in individual cells, and camuencies of the different cell types should be noted and
determine their abundance relative to control or reference cellsompared to SCG/Comet damage profiles to identify any
(9, 16, 26) The assay offers a number of advantages; damaggossible cell type specific differences. In most cases, the use of
to the DNA in individual cells is measured, only extremely homogenous cell populations reduces inter-cell variability of
small numbers of cells need to be sampled to perform the ass®CG/Comet values. The procedures for this assay, using cells
(<10 000), the assay can be performed on practically anfrom many different species and cell types, have been pub-
eukaryotic cell type, and it has been shown in comparativdished previously(1, 2, 3, 5, 8, 10, 13, 14, 17, 18, 32-38hese
studies to be a very sensitive method for detecting DNAreferences and others should be consulted to obtain details on
damageg(2, 27) the collection, handling, storage, and preparation of specific

5.1.2 These are general guidelines. There are numero§§!! types. _ , , _
procedural variants of this assay. The variation used is depen- 2-3 The experimental design should incorporate appropriate
dent upon the type of cells being examined, the types of DNA_(:ontroIs, reference.samples, and repllpates to dgalmgate the
damage of interest, and the imaging and analysis capabilities difluénce of the major sources of experimental variability.
the lab conducting the assay. To visualize the DNA, itis staine% Equipment and Reagents
with a fluorescent dye, or for light microscope analysis the™ .
DNA can be silver stained28). Only fluorescent staining  ©-1 Equipment
methods will be described in this guide. The microscopic ©-1.1 Water Bath set at a temperature of 35 to 40°C to keep
determination of DNA migration can be made either by eyesllde coating agarose liquefied durlng the preparation of slides.
using an ocular micrometer or with the use of image analysis 6-1-2 Centrifuge capable of exerting a 600¥ force and of
software. Scoring by eye can be performed using a calibrate@@ndling 1.5 mL microcentrifuge tubes. Lowgrforce will
ocular micrometer or by categorizing cells into four to five 'éduire longer centrifugation times and refrigeration to mini-
classes based on the extent of migratig@®, 30) Image MiZe stress fo cells.
analysis systems are comprised of a CCD camera attached to &0-1-3 Electrophoresis Chamber and Power Suppysub-
fluorescent microscope and software and hardware designd@2/ine electrophoresis chamber, and a power supply able to
specifically to capture and analyze images of fluorescentl)qel'ver a constant current up to 300 mA and a voltage gradient
stained nuclei. Using such a system, it is possible to measuidf 0-4 to 1.3 viem. - o ,
the fluorescence intensity and distribution of DNAin and away  9-1-4 Fluorescent MicroscopeDNA is visualized by stain-
from the nucleug8). Using different procedural variants, the INd With one of a number of fluorescent DNA stains such as
assay can be utilized to measure specific types of DNA?t_h'd'um br0m|d_e (EtB), prop|d|um iodine, or YOYO In_
alterations and DNA repair activifl, 3, 8, 10, 13, 14, 17, 18) this guide, EtBr is used with a fluorescent microscope with a

Alkaline lysis and electrophoresis conditions are used for th .10 to 5§O nm excitation filter and 590 nm barrier emission
iiter to view the EtBr-stained DNA.

detection of single-stranded DNA damage, whereas neutral p 6.1.5 Image Analysis Systeman image analysis system

conditions facilitate the detection of double-strand brg&ks. <od of & CCD ttached o the mi hich
Various sample treatments can be used to express specific typ%@“pr'se ora camera aftached 1o the mIiCroscope whic
connected to a computer loaded with the systems softivare.

of DNA damage, or as in one method, to preserve stran 6.2 Reagents
damage at sites of DNA repgit0). Nuclease digestion steps 6.2 1 Slige Coatina Agaroselow-endo-osmotic agarose
can be used to introduce strand breaks at specific lesion sites. I.t' ' int of ~ SO%C fg I'Sd b t dissol g . TA,E
Using this approach, oxidative base damage can be detected INg point o or slide base coat dissolved in

ffer, to a final concentration of 0.5 to 1.0 %.

the use of endonuclease (l18), as well as DNA modifications 6.2.1.1 Stock TAE Buffer (50X)Tris base 242 g, glacial

resulting from exposure to ultray[ole'g light (U\/) through the acetic acid 57.1 mL, 0.5 M EDTA pH 8.0 100 mL, mix in
use of T4 endonuclease(8). Modifications of this type vastly .. \
distilled water to final volume of 1 L.

Séfiﬁi:he utility of this assay and are good examples of itS"¢ » 3 5 TAE Working Buffer (1X)dilute 50X TAE (6.2.1.1)
Y- . . . 1:49, 10 mL 50X TAE in 490 mL distilled water.
5.2 Asufficient knowledge of the biology of cells examined g 2 5 gl Suspension Agarose (CSA)w melting point

using this assay should be attained to understand faCtOEa?garose (LMA) for cell suspension and slide application,
affecting DNA strand breakage and the distribution of this
damage within sampled cell populations. This includes, but is

not limited to, influences such as cell type heterogenelty, cell 5 The sole source of supply of the apparatus known to the committee at this time

cycle, cell turnover frequency, culture or growth conditions,is Molecular Probes Inc., 4849 Pitchford Ave. Eugene, OR 97402-9165. If you are

and other factors that may influence levels of DNA strandaware of alternative suppliers, please provide this information to ASTM Interna-

damage. Different cell types may have vastly different back_tional Headquarters. Your comments will receive careful consideration at a meeting
. .. . of the responsible technical committee, which you may attend.

ground levels of DNA single-strand breaks due to variations in" s | sormation on many of the available systems can be found at

excision repair activity, metabolic activity, anti-oxidant con- www.geocities.com/cometassay/index.html.
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melting point of 30°C. LMA dissolved to 0.65 to 1.0 % in gentle swirling. Using 3 in. by | in. by 1 mm clear glass
buffer solution suitable for the cells being studied. Kenny’s saltmicroscope slides with a frosted label area, grasp the slide at
solution (6.2.2.1) has been successfully used with marin¢he label area, dip into the melted agarose, and leave immersed
invertebrate cell§13, 14, 17)and phosphate buffered saline for for at least 10 s. Remove from the agarose and wipe excess
most vertebrate cell@8, 31) agarose off the back of the slide, and then place on a level

6.2.2.1 Kenny’s Salt Solutionto 900 mL of distilled water surface and allow to dry fa2 h atroom temperature or for 30
add 23.5 g NaCl (0.4 M), 0.7 g KCI (9 mM), 0.1 ;KPO, (0.7  min in a drying oven at 37°C. Store dry slides in a moisture-
mM), and 0.2 g NaHCQ (2 mM). Adjust pH to 7.5 with free slide storage box at room temperature. Slides prepared in
NaOH, bring to a final volume of 1 L and filter through 0.45 this manner may be stored almost indefinitely and require no
um filter to sterilize. Store at 4°C. further preparation before sample application.

6.2.2.2 Phosphate Buffered Saline Stpd¢kX PBS, 1.361 g 7.2 Sample Preparation
KH,PO, (0.01 M), 14.2 g NgHPO, (0.1 M), 80.1 g NACI,
(2.37 M), 20.1 g KCI (0.027M), adjust to pH 7.0, bring to a
final volume of 1 L and filter through 0.45 pm filter to sterilize.
Store at 4°C.

6.2.2.3 PBS Working Solutigrdilute 10X PBS (6.2.2.2) 1:9,
10 mL 10X PBS in 90 mL distilled water. After dilution pH
should be 7.4.

6.2.3 Stock Lysis Solutign146.4 g NaCl (2.5 M), 37.2 g
EDTA (0.1 M), 1.2 g TrisHCI (0.01 M), combine chemicals in
500 mL of distilled water; while stirring slowly, add 8 to12 g
NaOH to facilitate the dissolution of EDTA and bring the pH to
10. Adjust volume to 1 L, filter through 0.45 pm filter to
sterilize and store at 4°C.

6.2.3.1 Working Lysis Solution89 mL Lysis stock solution
(6.2.3), 10 mL DMSO, 1.0 mL Triton X-100, final volume 100
mL. Make fresh on the day of use. Refrigerate to 4°C prior t
use.

6.2.4 Electrophoresis/Unwinding Solutipio 968 mL dis-
tilled water add 30 mL (10 N) NaOH and 2 mL (0.5 M) EDTA,
pH 8.0, final volume 1 L. Make fresh on the day of use.

6.2.5 Stok 1 M Tris Buffer, pH 7.5dissolve 121.1 g Tris
Base, in 800 mL distilled water, add 63 mL concentrated HCI
adjust pH to 7.5 and bring to the final volume of 1L.

6.2.5.1 Working 0.4 M Tris Neutralization Buffer, pH 7.5
mix 200 mL (1 M) Tris pH 7.5 (6.2.5) with 300 mL distilled

7.2.1 This assay requires very small quantities of cells.
Researchers should be familiar with maintenance media most
likely to reduce stress on the cell types used. Cells suspended
in 50 to 1000 pL maintenance media are placed in a 1.5 mL
centrifuge tube and the cells are pelleted (for example, at 600
X g for 2 min). Supernatant is carefully drawn off and
discarded. In most cases, a cell pellet ~1 to 2 mm in diameter
is more than sufficient to yield cell densities of between 5 to 20
cells per microscopic field of view at 26Q when resuspended
in 50 to 400 pL of cell suspension agarose (CSA, 6.2.2).
Experience estimating and adjusting cell densities will reduce
the number of overlapping and superimposed nuclei encoun-
tered during scoring. CSA is melted and placed in a 35 to 40°C
water bath and the temperature is allowed to stabilize. The
0peIIet is gently resuspended in the appropriate volume of CSA
at 35 to 40°C, as determined by the researcher. Before the
agarose solidifies, an aliquot of the cell suspension (for
example, 50 to 75 pL) is transferred to an agarose-coated slide
(7.1). The applied sample is then uniformly spread over the
slide by placing a clean glass coverslip on top of the still
liquefied sample. The slide is then placed on a level ice-cold
'metal or glass surface until the agarose has solidified. Once
solidified, a top-coat of 50 to 75 pL CSA is added by slipping
the coverslip off the slide, applying agarose and replacing the
water for 500 mL final volume. Store at 4°C. coverslip on top. The agarose is allowed tq splidi_fy as before.

6.2.6 Ethidium Bromide Stock Solutipriwarning—Use After ihe agarose has solldlflled,_the_cover§I|p_|s slipped off_and

. X - 2 he slide placed in a glass slide jar filled with ice-cold workin
extreme caution when handling. Ethidium bromide is a mu-t : Pt 9 J . Ing
Lysis solution (6.2.3.1), so that the solution completely im-

tagen. Wear appropriate safety protection. Dispose of COnt‘rjlmlrﬁerses the area of the slide on which the sample was applied.

nateq flems an_d waste_pr_operly.), dissolvg 1.0 mg ethidiun}he minimum lysis period is usually one hour, with no
bromide (EtBr) in 1 mL distilled water, store in light-protected apparent maximum. However, gels can become inore fragile

container at 4°C. with extended lysis times
6.2.6.1 Ethidium Bromide Working SolutiprilO pL EtBr . y ) . »
7.3 Unwinding and Electrophoresis Conditians

stock solution (6.2.6) in 5 mL distilled water. Store in a

light-protected container at room temperature. 7.3.1 Slides processed through the lysis step, 7.2, should be
6.2.7 95 % Ethanal reagent grade 95 % ethanol, stored in arinsed in distilled water or neutralizing buffer to remove the
freezer at -20°C. lysis salts and detergents. This can be accomplished by
immersing the slides for 2 min and replacing with fresh
7. Assay Procedures distilled water/neutralizing buffer three times. The slides are

placed in the electrophoresis chamber and the chamber filled
b\é{ith electrophoresis/unwinding solution (6.2.4) to a depth of 3
to 4 mm above the slides. The slides should be set close
together; multiple rows may be formed on the chamber
Note 1—Gloves should be worn whenever handling slides and S|ide-p|atf0rm_ Optimum unwinding and e|ectr0phoresis times can
covers, skin oils reduce the adherence of agarose to the microscope slidgg  determined by comparing the extent of migration in
Prepare 100 mL of melted slide coating agarose (6.2.1)untreated control target cells and target cells exposed to a DNA
Solid agarose preparations can be liquefied in a microwavdamaging agent (for example, gamma-radiation, hydrogen
oven with alternating short pulses of microwaves followed byperoxide, methlymethane sulphonate). In order for historical

7.1 Slide Preparation
7.1.1 Slides on which agarose cell suspensions may
applied are prepared as follows.
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data to be useful, the negative control cells should exhibit somper sample is from 50 to 1089, 40) Fewer cells would
level of DNA migration. The slides should be left undisturbedeliminate the ability to identify the presence of subpopulations
in the electrophoresis/unwinding solution for from 15 to 600f cells with altered migration among a larger population of
min to unwind or denature the nuclear DNA. The power supplycells with migration patterns not different from the control
is set to run for from 5 to 60 min at 300 mA constant current,sample. Because of inherent variability within and across
applying a voltage gradient that may range from 0.4 to 1.3lectrophoresis runs, it is recommended that two slides be
Vicm. After electrophoresis, the power is turned off, the slidesscored per sample, with 50 % of the data obtained from each
are removed from the chamber, and the alkali neutralized byeplicate slide. Comets are scored in different sectors of the
three rinses of 2 min duration in 0.4 M Tris, pH 7.5 (6.2.5.1).slide. It is important to avoid scoring comets near the edge of
The DNA in the agarose gel is then fixed by soaking for 5 minthe slide and not to score slides with high background levels of
in ice cold 95 % ethanol (6.2.7). Fixed slides can then be driedtaining. Once the field of view is randomly moved to a sector,
at room temperature or in a 37°C oven. The dried slides can b& systematic method of scoring is used, such as scoring comets
stored in slide boxes until stained and scored. from left to right starting in the upper left-hand corner until a
7.4 Staining predetermined number of comets have been scored. Overlap-
7.4.1 There are many commercially available fluorescenping and superimposed comets are not counted. For the sake of
DNA stains that may be used to stain Comet slides. The usabjectivity, slide scoring should be “blind” (that is, that the
must determine which is the most suitable for use. Ethidiunsample identity of the slide not be known during scoring).
bromide will be the stain referred to in this guide, though stains 7.5.2 The first method involves measuring with an ocular
such as propidium iodide, and YOY&1®, have been used micrometer the length of the “comet” tail trailing the nucleus of
successfully(1, 8, 31) To stain the DNA, 40 uL of EtBr 25to 100 nuclei on each slide. The number of comets measured
working stain solution is placed on each slide, a coverslip igper slide must be determined by the researcher to yield
placed on top, and excess stain removed with an absorbeatlequate statistical power. The diameter of the head and the
tissue. The slides are now ready for scoring under a fluorescedistance the stained DNA has migrated from the head are
microscope. Following scoring, the coverslips of scored slidesecorded.
can be removed and the slides dried and stored in slide storage7.5.3 The second method incorporates the use of an image
boxes as permanent records. analysis system (6.1.4). These systems are comprised of a CCD
gamera attached to the microscope and software designed
specifically to capture and analyze images of fluorescently
stained DNA. Using such a system, it is possible to measure the
7.5 Scoring fluorescence intensity and distribution of DNA in and away
7.5.1 Stained slides are examined using a fluorescent Mfrom the head. In this way, the percent of DNA in a comet tail,
croscope under 200 magnification. A magnification range of |ength of the tail, tail moment (which is the product of the %
100x to 1000< has been reported, but more generally frompNA in the tail and tail length), as well as numerous other

between 208 and 400<. Optimal magnification will depend measures can be determined. The method of picking comets to
on the size of the cells being assessed for DNA damageye scored is the same as in 7.5.1.

Ethidium bromide bound to double-stranded DNA has fluores-
cence excitation and emission maxima of 518 nm and 605 nr- Treatment of Data
respectively. Appropriate filters allowing excitation wave- 8.1 Interpretation of Data
length light on to the sample, with barrier filters allowing the 8.1.1 Depending on the method of scoring, different types of
passage of emission wavelength light to be viewed through théata may be gathered, including but not limited to, ocular
microscope should be used. Slides viewed in this way reveaheasurement of comet image or tail lengths, the fraction of
stained comets as brightly fluorescent orange balls 10 to 40 peells with different patterns of migration, or image analysis
in diameter. Scoring may be conducted in several walysby ~ based comet tail lengths, percentage of migrated DNA, talil
eye, using a calibrated ocular micrometer (7.5.2) or by categanoment, or other measurements. The distribution of migration
rizing comets into four or five classes based on the extent gbatterns can be graphically expressed in histograms by plotting
migration (29, 30) or (2) using an image analysis system frequency of cometsY axis) and the corresponding DNA
(7.5.3), comprised of a CCD camera attached to an epifluorestamage measurement gathered for those conmxesic). In
cent microscope and software and hardware designed specifiddition, dose response plots can be constructed showing DNA
cally to capture and analyze images of fluorescently stainedamage (mean and standard deviation of dé@is) and test
nuclei. With the use of an image analysis system, it is possibleompound concentratiorX(axis).
to measure the fluorescence intensity and distribution of DNA 8.2 Acceptability of Data
throughout the comédB2). In this way, the percentage of DNA  8.2.1 DNA damage levels in controls and if the study design
in the comet tail, the length of the tail, tail moment (which is allows, the damage resulting from reference toxicants should
the product of the fraction of DNA in the tail and tail length), be compared to previously gathered data to determine accept-
as well as numerous other measures can be determined. ability.

7.5.1.1 Regardless of the method used for collecting data on 8.2.2 If studying cells from organisms or cell-lines where it
DNA migration, the number of comets measured per slide mugs possible to perform laboratory exposure tests, then experi-
be determined by the researcher to yield adequate statisticalents can be designed to incorporate positive controls and the
power. Generally, the recommended number of cells to scorperforming laboratory can construct control charts for the

Note 2—Gloves should be worn throughout these procedures, an
whenever the slides are handled in the future.
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purpose of evaluating test performance (see Guide E 1708vhile pairwise comparisons of each treatment group against
Section 17.4.4). As stated in Guide E 1706, Section 17.4.4, the concurrent control can be conducted. (see Guide E 1847)
control chart can be prepared for each combination of reference 8.4 Evaluation and Interpretation of Results

toxicant and test organism. Each control chart should include 8.4.1 In the event that a positive Comet assay response is
the most current data. Endpoints from five tests are adequatibtained, it is critical that the investigator(s) assesses the
for establishing the control charts. Control Charts are used tpossibility that the increase in migration is not associated with
evaluate the cumulative trend of results from a series ofjenotoxicity. Information on the extent of cytotoxicity associ-
samples. The mean and upper and lower control limit ( ated with each positive dose group, the nature of the dose
standard deviation, (SD)) are recalculated with each successivesponse curve, the inter-cellular distribution of comet re-
test result. sponse at each dose, and the presence or absence of necrotic or

8.2.3 If the value from a given test with the referenceapoptotic cells in the treated cell population may be useful in
toxicant falls more than two standard deviation outside thehis regard. In the event that a negative Comet assay response
expected range, the sensitivity of the organisms and the overall obtained, it is critical that the investigator(s) assesses the
credibility of the test system may be suspect. In this case, thealidity of the assay and the dose selection procedure. Al-
test procedure should be examined for defects and should trough most experiments will give clearly positive or negative
repeated with a different batch of test organisms. results, in rare cases the data set will preclude making a definite

8.2.4 It is recognized that, in many instances, samples wiljJudgement about the activity of the test substance. Reproduc-
be collected from field populations, or from organisms onibility in independent experiments is considered the strongest
which controlled-exposure experiments cannot be performedyvidence for a positive or negative call.
that is, humans or protected or endangered species. Under such )
circumstances, it is difficult or impossible to evaluate testd- Reporting Data
performance using positive controls, and the researcher must9.1 In addition to the provisions previously described in this
rely on the collection of appropriate reference samples. guide, a concise, written report of the assay should be prepared

8.3 Statistics and should include the following information:

8.3.1 Appropriate statistical methods for analyzing the data 9.1.1 All information pertaining to the organism(s) the cells
should be used as an aid in evaluating the test results but shoulere collected from, type of cells used and their treatment,
not be the only determining factor for identifying a positive collection, handling and storage conditions.
response. The statistical methods to be used and the data9.1.2 Specific to the assay, all information about agarose
requirements for those methods should be established durirgpncentrations, DNA denaturation conditions and duration,
initial design of the experiment. The unit of exposure for in electrophoresis times and conditions, stain used and method of
vitro studies is the culture, while it is the animal for in vivo analysis, and other material must be reported to ensure that
studies. This means that multiple cultures or multiple animalsndividuals reading the report can accurately reproduce the
are needed per dose group in order to conduct an appropriadéssay conditions.
statistical analysis. In most instances, the homogeneity of 9.1.3 Any unique or extreme characteristics associated with
variance between treatments should be examined to determitige scored comets should be photographed or a digitized image
whether parametric or non-parametric analysis is appropriatenade and incorporated into the report.

Transformation of non-homogenous data can be explored as

well. If homogeneity is not achieved using transformed datal0O. Keywords

non-parametric procedures should be used. Linear regression10.1 biomarker; cellular; Comet assay; DNA damage; DNA
analysis can used to establish dose response relationshigttand breaks; stress effects; toxic

ANNEX
(Mandatory Information)

Al. SCG/COMET ASSAY SAMPLE DATASET

Al.1 Overview QA results (Table Al1.2), a histogram plot of DNA damage

A1.1.1 In order to more clearly illustrate the type of datadistribution (Fig. Al.1), a dose-response plot of the fully

collected and how it can be used, a sample dataset from %O"TP'_'Ed data (Tgble Al.3 and Fig. A1.2), and the results of
hydrogen peroxide exposure experiment is provided in thiStatistical comparisons are presented (A1.3.3).

annex. Hemocytes collected from specimendgtilus gallo-

provincialis were isolated and exposed to hydrogen peroxide”1-2 Procedures
Exposed hemocytes were then processed according to theAl.2.1 Collection of Mussel HemocytesEight mussels,
procedures in this guide. The raw data from replicate #1 oMytilus galloprovincialis were collected off pier pilings at
each treatment is presented (Table Al.1), followed by reduceBPAWAR Systems Center-San Diego. A small notch was
data results for all replicates from each treatment (Table A1.3)drilled at the conjunction of the valves adjacent to the posterior
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TABLE Al.1 SCG/Comet Results from a Representative Replicate from Each Treatment

Sample: 0 pm 10 pm 25 um 50 pm
Nuclei No % DN_A Comet Tail Tail % DN_A Comet Tail Tail % DN_A Comet Tail Tail % DN_A Comet Tail Tail
' in Tail Length (um) Moment in Tail Length (um) Moment in Tail Length (um) Moment in Tail Length (um) Moment

1 0.0 0.0 0.0 0.0 0.0 0.0 12.0 22.8 2.7 1.8 2.2 0.0
2 0.4 16 0.0 0.2 0.0 0.0 15.3 27.1 4.1 7.3 3.8 0.3
3 0.4 2.2 0.0 0.0 0.0 0.0 16.2 28.2 4.6 4.1 11.4 0.5
4 0.3 2.7 0.0 0.5 6.0 0.0 10.7 44.4 4.7 6.9 16.3 11
5 0.4 2.7 0.0 3.2 3.8 0.1 19.1 33.1 6.3 8.0 29.8 2.4
6 0.5 4.3 0.0 2.0 6.5 0.1 22.9 27.6 6.3 14.2 34.7 4.9
7 4.0 1.6 0.1 2.7 10.3 0.3 22.6 325 7.4 21.7 36.9 8.0
8 1.6 4.3 0.1 7.0 5.4 0.4 20.3 47.2 9.6 31.8 35.8 11.4
9 4.9 2.2 0.1 13.9 6.0 0.8 34.5 28.7 9.9 37.4 32.0 11.9
10 3.8 3.8 0.1 4.8 21.1 1.0 41.9 28.7 12.0 59.1 33.1 19.5
11 4.8 3.8 0.2 5.2 20.6 1.1 43.0 29.3 12.6 55.1 38.5 21.2
12 5.3 3.8 0.2 6.7 22.8 15 46.0 31.4 14.4 58.0 38.5 22.3
13 20.9 1.6 0.3 6.3 27.6 1.7 45.3 34.1 155 50.8 47.2 23.9
14 5.4 9.8 0.5 141 14.1 2.0 48.9 325 15.9 57.9 45.0 26.0
15 7.8 8.1 0.6 24.1 13.0 3.1 56.5 31.4 17.8 67.9 40.7 27.6
16 5.1 13.6 0.7 11.0 30.9 34 40.9 46.1 18.8 77.4 36.3 28.1
17 8.2 125 1.0 10.6 36.3 3.8 57.0 37.9 21.6 50.7 57.5 29.1
18 9.0 13.0 12 14.1 314 4.4 67.6 34.7 23.4 79.6 45.5 36.2
19 9.8 15.2 15 15.5 34.1 5.3 60.5 39.0 23.6 87.3 42.3 36.9
20 16.1 15.7 25 18.6 36.9 6.9 66.9 35.8 23.9 91.2 42.8 39.0
21 14.0 20.6 2.9 21.3 39.0 8.3 66.3 37.9 25.1 88.5 46.1 40.8
22 25.0 23.3 5.8 28.1 33.6 9.4 75.9 34.7 26.3 71.0 59.1 42.0
23 29.3 24.4 7.1 26.2 40.7 10.6 66.4 40.7 27.0 92.4 47.2 43.6
24 24.8 32.0 7.9 36.8 314 11.6 77.5 43.4 33.6 83.8 62.3 52.3
25 414 34.7 14.4 68.7 45.5 313 80.9 48.2 39.0 81.7 68.3 55.8
Mean 9.7 10.3 19 13.7 20.7 4.3 44.6 35.1 16.3 51.4 38.1 23.4
St. Dev. 10.8 10.0 34 15.2 14.8 6.7 22.5 6.9 9.8 31.3 16.5 17.1
St. Err. 2.7 25 0.9 3.8 3.7 1.7 5.6 1.7 25 7.8 4.1 4.3
Max 414 34.7 14.4 68.7 45.5 313 80.9 48.2 39.0 92.4 68.3 55.8
Min 0.0 0.0 0.0 0.0 0.0 0.0 10.7 22.8 2.7 1.8 2.2 0.0
Dispn 12.0 9.7 6.3 16.9 10.6 10.3 11.3 1.3 5.9 19.1 7.1 12.5

TABLE Al.2 QA Results—Between Electrophoretic Run Variation

QA Mean T™M Range (2sd)
Target TM 10.8 8.2-13.4
Ob. T™M
Run 1 11.4
Run 2 9.9

TABLE A1.3 Mean Tail Moment Results—All Treatments and

Replicates
Replicate 0 um 10 um 25 pm 50 pm
1 1.9 43 16.3 234
2 0.5 5.9 14.5 28.8
3 1.2 3.7 10.0 25.9
4 15 4.0 12.8 29.4
5 0.9 6.3 11.3 27.0
Mean = 1.2 4.8 13.0 26.9
SD = 0.5 1.2 25 2.4
Sem = 0.2 0.5 1.1 1.1

A1.2.2 Hydrogen Peroxide ExposurePooled hemolymph
was distributed in 250 pL aliquots in each of twenty 1.5 mL
microcentrifuge tubes in a 15°C waterbath. With a stock
preparation of 5 mM hydrogen peroxide in distilled water, the
concentration of five replicate tubes was adjusted to 0, 10, 25,
or 50 uM. After a 15 min exposure the tubes were centrifuged
at 2000 X g for 2 min, the supernatant was discarded and
hemocyte pellets resuspended in 100 pL 0.65 % low melting
temperature agarose (FisherBiotech, low melting DNA grade
agarose, 6.2.2) in Kenny’s salt solution (6.2.2.1) and the Comet
procedures in the guide followed. Processing all the slides from
this experiment required two unwinding and electrophoresis
runs. Each run included a QA slide prepared with cells of
known damage levels to track any between-run variation in
DNA damage.

Al1.2.3 Scoring Comet SlidesOne slide was prepared from
each replicate, and 25 comets were scored on each slide; 5
sectors were randomly chosen per slide and 5 comets scored in

adductor muscle (PAM) of each specimen. A 26 gauge needlgach sector, starting in the upper lefthand corner and working
attached to 1 mL syringe was inserted through the notch intgy the right and down. The scoring results from the first
the PAM and 750 uL hemolymph-containing suspendedepiicate of each treatment are shown in Table A1.1. QA slide

hemocytes was withdrawn from each mussel. Hemolymphesits are shown in Table A1.2, the expected mean TM range
samples were pooled in a 15 mL centrifuge tube on ice.
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FIG. A1.2 Plot of Mean TM for Each Treatment and Hydrogen Peroxide Dose

for the QA slides was 8.2—-13.4, the slides from both runs fell
into this acceptable range.

Al1.3 Data Collection and Handling

Al1.3.1 Raw Data—The image system software used for
scoring the slides is based upon the principle of integrated
intensity profile analysis and calculates many comet param-
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eters’ For this experiment, only three parameters were ofvaries between cell populations in each treatment a histogram
interest: comet tail length, percent DNA in the comet tail, andis presented in Fig. A1.1, plotting percent total comets scored

comet tail moment, which is the product of the tail length andagainst tail moment. It can be seen that the frequency of

percent tail DNA divided by 100. Using intensity profile damaged comets shifts towards higher damage or higher T™M
algorithms, the above values were calculated for each scoraghlues in cells exposed to higher concentrations of hydrogen
comet as seen in Table A1.1. This data is limited to the first sgberoxide. As the distribution shifts towards higher values, the

of replicates because it is presented as an example and 4 marean for that population increases. Five slides were scored for
replicates of 25 comets each need not be shown to clarify thigsach treatment. The resulting mean TMs are presented in Table
example. It should be noted that the data in the table has beeXl.3 and further summarized at the bottom of Table A1.3 as

sorted, values are presented from lowest to highest. The sortingeatment means, and are plotted in relation to hydrogen

operation was performed by the author, the image softwargeroxide concentration in Fig. A1.2.

does not sort the data in this way. A1.3.3 Statistical Comparisors-A one-way analysis of
Al1.3.2 Data Treatment-The 25 comets scored represent a, ariance (ANOVA) was performed to examine the variation
sample population of the thousands of comets on each slidgmong treatment means. These comparisons were performed
Not all are damaged and those damaged are damaged t0,8ing the Tukey-Kramer multiple comparisons test which
different degree. To visualize how the distribution of damagerequires that the data is normally distributed with equal

standard deviations (SDs). Gaussian distribution was con-
“ The sole source of supply of the software known to the committee at this timef"ﬁmed using the methoq of K0|m090rov_ and Smlmqv’ and the
is Kinetic Imaging Ltd South Harrington Building, Sefton Street, Liverpool, UK, L3 Method of Bartlett confirmed SD equality. Mean tail moment
4BQ. email: kinetic@btinternet.com. If you are aware of alternative suppliers,was significantly greater than controls in all hydrogen peroxide
please provide this information to ASTM International Headquarters. Your com-tlreatmems and each treatment exposed to successively higher
ments will receive careful consideration at a meeting of the responsible technicah ! . . L
committee, which you may attend. ydrogen peroxide concentrations was significantly greater
than those exposed to lower concentrations (P<0.001).

REFERENCES

(1) Olive, P. L., Frazer, G., Banath, J.P., “Radiation-Induced Apoptosis
Measured in TK6 Human B Lymphoblast Cells Using the Comet
Assay,” Radiation Researchvol 136, 1993, pp. 130-136.

(2) Leroy, T., Van Hummelen, P., Anard, D., Castelain, P., Kirsch-Volders,
M., Lauwerys, R., and Lison, D., “Evaluation of Three Methods for the Repair in Human Cells,International Journal of Radiation Biology
Detection of DNA Single-Strand Breaks in Human Lymphocytes: Vol 62, 1992, pp. 313-320.

Alkaline Elution, Nick Translation, and Single-Cell Gel Electrophore- (11) Villarini, M., Moretti, M., Damiani, E., Greci, L., Santroni, A. M.,
sis,” Journal of Toxicological and Environmental Healthol 47, Fedeli, D., and Falcioni, G., “Detection of DNA Damage in Stressed
1996, pp. 409-422. Trout Nucleated Erythrocytes Using the Comet Assay: Protection by

(3) Collins, A. R., Duthie, S. J., and Dobson, V.L., “Direct Enzymatic Nitroxide Radicals,Free Radicals in Biology and Medicingol 24,
Detection of Endogenous Oxidative Base Damage in Human Lympho- 1998, pp.1310-1315.
cyte DNA,* CarcinogenesisVol 14, 1993, pp.1733-1735. (12) Pandrangi, R., Petras, M., Ralph, S., and Vrzoc, M., “Alkaline Single

(4) Blasiak, J., Jaloszynski, P., Trzeciak, A., and Szyfter, K., “In vitro Cell Gel (Comet) Assay and Genotoxicity Monitoring Using Bull-
Studies on the Genotoxicity of the Organophosphorus Insecticide  heads and CarpEnvironmental and Molecular Mutagenesi®l 26,

Electrophoresis Assay (Comet Assay): A European Revibufation
Research\Vol 288, 1993, pp. 47-63.

(10) Gedik, C. M., Ewen, S. W. B. and Caollins, A. R., “Single-cell Gel
Electrophoresis Applied to the Analysis of UV-C Damage and its

Malathion and its Two AnaloguesMutation Researchvol 445, 1999,
pp. 275-283.

(5) Belpaeme, K., Delbeke, K., Zhu, L., and Kirsch-Volders, M., “Cyto-

genetic Studies of PCB77 on Brown Tro@almo truttafariy Using
the Micronucleus Test and the Alkaline Comet Assayllitagenesis
Vol 11, 1996, pp. 485-492.

(6) Belpaeme, K., Cooreman, K., and Kirsch-Volders, M., “Development
and Validation of the in vivo Alkaline Comet Assay for Detecting

Genomic Damage in Marine FlatfishMutation ResearchVol 415,
1998, pp. 167-184.
(7) Tiano, L., Fedeli, D., Santroni, A. M., Villarini, M., Engman, L., and

1995, pp. 345-356.

(13) Steinert, S. A., Streib-Montee, R., Leather, J.M., and Chadwick, D.B.,

“DNA Damage in Mussels at Sites in San Diego Baljutation
ResearchVol 399, 1998, pp. 65-85.

(14) Steinert, S. A., Streib-Montee, R., and Sastre, M. P., “Influence of

Sunlight on DNA Damage in Mussels Exposed to Polycyclic Aro-
matic Hydrocarbons,”"Marine Environmental Researchvol 46,
1998, pp. 355-358.

(15) Sastre, M. P., Steinert, S. A., and Streib Montee, R., “Single Cell

Gel/Comet Assay Applied to DNA Damage Nassarius teguland
Musculista senhousjé&an Diego Bay, California,” Inetal lons in

Falcioni, G., “Effect of Three Diaryl Tellurides, and an Organosele-
nium Compound in Trout Erythrocytes Exposed to Oxidative Stressin ~ Vernet, R. B. Finkelman, H. Gibbs, J. C. Etienne., John Libbey
vitro,” Mutation ResearchVol 464, 2000, pp. 269-277. Eurotext, Paris, 2000, pp. 394-396.

(8) Tice, R. R., “The Single Cell Gel/Comet Assay: A Microgel Electro- (16) Lee, R. F., Steinert, S. A., Nakayama, K. and Oshima,Y., “Use of
phoretic Technique for the Detection of DNA Damage and Repair in DNA Damage (Comet Assay) and Embryo Development Defects to
Individual Cells,” In,Environmental Mutagenesi®. H. Phillips and Assess Contaminant Exposure by Blue Cré&allinectes sapidys
S. Venitt, eds., BIOS Scientific Publishers, Oxford, UK, 1995, pp. Embryos,” Environmental Toxicology and Risk Assessment: 8th
315-339. Volume, ASTM STP 1364, D. S. Henshel, M. C. Black and M. C.

(9) McKelvey-Martin, V. J., Green, M. H. L., Schmezer, P., Pool-Zobel, B. Harrass, Eds., American Society for Testing and Materials, West
L., De M,0, M. P, and Caoallins, A. R., “The Single Cell Gel Conshohocken, PA, 1999, pp. 341-349.

Biology and Medicing\Vol 6. Eds. J. A. Centeno, P. H. Collery, G.



A £ 2186 — 02a
“afl

(17) Steinert, S. A., “Contribution of Apoptosis to Observed DNA (30) Collins, A. R., Ma, A. G., and Duthie, S. J., “The Kinetics of Repair
Damage in Mussel CellsMarine Environmental Researckol 42, of Oxidative DNA Damage (Strand Breaks and Oxidised Pyrim-
1996, pp. 253-259. idines) In Human Cells,"Mutation ResearchVol 336, 1995, pp.

(18) Collins, A. R., Dobson, V. L., Dusinska, M., Gedik, C. M., and 69-77.

Stetina, R., “The Comet Assay: What Can It Really Tell Us?,” (31) Singh, N. P., “Microgel Electrophoresis of DNA from Individual

Mutation Researchvol 375, 1997, pp. 183-193. Cells: Principles and Methodology,” Iiechnologies for Detection of

(19) Bernstein, C. and Bemstein, H., “Aging, Sex, and DNA Repair,” DNA Damage and Mutatiott$s. P. Pfeifer, ed., Plenum Press, N.Y.,
Academic PresdJSA, 1991, pp. 15-26. 1996, pp. 3-24.

(20) Park, J. K., Lee, J. S., Lee, H. H., Choi, I. S., and Park, S. D.,(32) Tice, R. R., Strauss, G. H. S. and Peters, W. P., “High-Dose
“Accumulation of Polycyclic Aromatic Hydrocarbon-Induced Single- Combination Alkylating Agents with Autologous Bone-Marrow Sup-
Strand Breaks is Attributed to Slower Rejoining Processes by DNA port in Patients with Breast Cancer: Preliminary Assessment of DNA
Polymerase Inhibitor, Cytosine Arabinoside in CHO-K1 Cellsfe Damage in Individual Peripheral Blood Lymphocytcs Using the
Science\Vol 48, 1991, pp. 1255-1261. Single Cell Gel Electrophoresis Assajlutation Researchvol 271,

(21) Eastman, A., and Barry, M. A., “The Origins of DNA Breaks: A 1992. pp. 101-113.
Consequence of DNA Damage, DNA Repair or Apoptosi€ahcer (33) Barber, C. V. and Fantel, A. G., “The Role of Oxygenation in
Investigations Vol 10, 1992, pp. 229-240. Embryotoxic Mechanisms of Three Bioreducible Agentsgratol-
(22) Speit, G., and Hartmann, A., “The Contribution of Excision Repair to ogy, Vol 47, 1993, pp. 209-223.
the DNA Effects Seen in the Alkaline Single Cell Gel Test (Comet (34) Gao, M., Binks, S. P., Chipman, J. K. and Levy, L. S., “Hexavalent

Assay),“MutagenesisVol 10, 1995, pp. 555-559. Chromium Produces DNA Strand Breakage but not Unscheduled
(23) Shugart, L., Bickham, J., Jackim, G., McMahon, G., Ridley, W., DNA Synthesis of Subcytotoxic Concentrations in Hepatocytes,”
Stein, J. and Steinert, S., “DNA Alterations,” IrBiomarkers: Toxicology Vol 27, 1993, pp. 171-180.
Biochemical, Physiological, and Histological Markers of Anthropo- (35) Verschaeve, L. and Gilles, J., “Single Cell Gel Electrophoresis Assay
genic StressR. J. Huggett, R. A. Kimerle, P. M. Mehrle, Jr., and H. in the Earthworm for the Detection of Genotoxic Compounds in
L. Bergman, eds., Lewis Publishers, Boca Raton, FL, 1992, Chp. 3,  Sails,” Bulletin of Environmental Contamination and Toxicoloygl
pp. 125-153. 54, 1995, pp. 112-119.
(24) Steinert, S.A., “DNA Damage as Bivalve Biomarker and as an(36) Ralph, S., Petras, M., Pandrangi, R. and Vrzoc, M., “Alkaline
Environmental Assessment ToolBiomarkers Vol 4(6), 1999, pp. Single-Cell Gel (Comet) Assay and Genotoxicity Monitoring Using
492-496. Two Species of TadpolesEnvironmental and Molecular Mutagen-

(25) Singh, N. P., McCoy, M. T., Tice, R. R., and Schneider, E. L., “A esis Vol 28, 1996, pp. 112-120.
Simple Technique for the Quantitation of Low Levels of DNA (37) Archer, D. E., “Photoactive DNA Damaging Capacities of An-
Damage in Individual Cells,Experimental Cell Researchol 175, thracene and Phenanthrene on the Cell@\ofelia aurita Ephyrae
1988, pp. 184-191. Using the Comet Assay,” Masters Thesis, San Diego State University,
(26) Rydberg, B., and Johanssen, K. J., “Estimation of DNA Strand Breaks ~ School of Public Health, San Diego, CA, 1998.
in Single Mammalian Cells,” INDNA Repair MechanismsP. C. (38) Betti, C. and Nigro, M., “The Comet Assay for the Evaluation of the
Hanawalt, E. C. Friedberg and C. F. Fox, eds., Academic Press, New Genetic Hazard of Pollutants in Cetaceans: Preliminary Results on

York, 1978, pp. 465-468. the Genotoxic Effects of Methylmercury on the Bottle-Nosed Dol-
(27) Collins, A. R., Dusinska, M., Gedik, C. M., and Stetina, R., phin (Tursiops truncatusLymphocytes in vitro,”"Marine Pollution

“Oxidative Damage to DNA: Do We Have a Reliable Biomarker?,” Bulletin, Vol 32, 1996, pp. 545-548.

Environmental Health Perspective&0l 104 suppl.3, 1996, pp. (39 Tice, R. R., Agurell, E., Anderson, D., Burlinson, B., Hartmann, A.,

465-469. Kobayashi, H., Miyamae, Y., Rojas, E., Ryu, J. C., and Sasaki, Y. F.,
(29) Kizilian, N., Wilkins, R. C., Reinhardt, P., Ferrarotto, C., McLean, J. “The Single Cell Gel/Comet Assay: Guidelines for in vitro and in

R. N., and McNamee, J. P., “Silver-stained Comet Assay for vivo Genetic Toxicology Testing, Environmental and Molecular

Detection of Apoptosis,Biotechniques\Vol 27, 1999, pp. 926-930. Mutagenesis\Vol 35, 2000, pp. 206-221.

(29) Pool-Zobel, B. L., Lotzmann, N., Knoll, M., Kuchenmeister, F., (40) Albertini, R. J., Anderson, D., Douglas, G. R., Hagrnar, L., Hem-
Lambertz, R., Leucht, U., Schroder, H. G., and Schmezer, P., minki, K., Merlo, F., Natarajan, A. T., Norppa, H., Shuker, D. E. G.,
“Detection of Genotoxic Effects in Human Gastric and Nasal Mucosa  Tice, R., Waters, M. D., and Aitio, A., “IPCS Guidelines for the
Cells Isolated from Biopsy Samples£hvironmental and Molecular Monitoring of Genotoxic Effects of Carcinogens in Humariglita-
Mutagenesis\Vol 24, 1994, pp. 23-45. tion ResearchVol 463, 2000, pp. 111-172.

ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).

10



