< |$ GENETIC TOXICOLOGY

https://doi.org/10.17816/ecogen16239

TECHNICAL ASPECTS OF THE ELECTROPHORESIS STAGE IN THE COMET ASSAY

© A.K. Zhanataev, E.A. Anisina, K.L. Pligina, A.A. Lisitsyn, A.D. Durnev

Zakusov Research Institute of Pharmacology, Moscow, Russia
Cite this article as: Zhanataev AK, Anisina EA, Pligina KL, et al. Technical aspects of the electrophoresis stage in the comet assay.
Ecological genetics. 2020;18(2):203-214. https://doi.org/10.17816/ecogen16239.

Received: 24.09.2019 Revised: 20.01.2020 Accepted: 23.06.2020

% Inter- and intralaboratory variability of results is still a serious issue in the comet assay. There are several technical con-
ditions of procedure, which may critically affect the results and electrophoresis terms were identified as main. A compara-
tive assessment of the expected and actual electric field strength in five electrophoretic tanks and the contribution of the
revealed differences to the variability in DNA damage carried out. Only for one tank, the measured electric field strength
coincided with the expected 1 V/em, while for four it ranged from 0.6 to 2.0 V/cm. The values of DNA damage assessed in
the same samples of mouse kidney cells differed between tanks up to 4.7-fold for induced and up to 10-fold for spontane-
ous DNA damage. High local variations in the electric field strength and solution temperature across the platform as well
as in %DNA in the tail of identical cell samples within electrophoresis runs also revealed. These variations were reduced
by recirculation of electrophoresis solution. The results show that discrepancy between the estimated and the actual
electric field strength can be reason of inter-laboratory variation of the comet assay results. Recirculation of the solution
during electrophoresis will be useful to control of intra-laboratory and intra-assay variations.

% Keywords: comet assay; inter- and intralaboratory variability; DNA damage; electric field strength; voltage; elec-
trophoresis tank.
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® [IpnunHbl MeXK- U BHYTpHIabopaTOpHOH BaprabebHOCTH AaHHBIX, TTOJYYeHHBIX B MccaenoBanusax metonom JIHK-komer,
Ha CEroJiHsILIHMI JIeHb He JIO KOHLIA SICHBI. [eJib-3/1eKTpodhopes sIBJSIETCST ONPEJIEISIOLIM 3TalloM TPH HCMOJIb30BAaHUH Me-
Tona ananusa nospexxkaenHoctd JAHK enqunnunbix kinertok. B Hactosiiei paboTe npoBejieHa CpaBHUTENbHASI OLEHKA pacyeT-
HOW M (haKTHUYECKOH HANpsKEHHOCTH 3JIEKTPHUECKOrO MOJIsi B MSITH Pa3JIMUHbIX 3/1eKTPO(OpeTHIECKUX KaMepax M BKJajia
BBISIBJIIEMBIX Pa3/Huii B BapuabebHOCTh olleHuBaeMon nospexaeHHoctn JIHK. Toabko st omHOl KaMepsl H3MepeHHast
HarnpsKeHHOCTh CoBNasia ¢ pacueTHoil — | B/cm, Torma kak st yeThipex Bapbuposasia ot 0,6 10 2,0 B/cm. Ouenentbie
B OJIHMX M TeX »Ke obpasiax KJETOK Mouek Mblllell sHaueHus noBpexkaennoctd JIHK pasnuuamich mexkmy kamepamu 1o
4,7 xpar mas unayuupoBanHoit U 1o 10 kpar s cnontanHoil noppexnenHoctd IHK. Broisissiena Bbicokasi JiokanbHast
BapHalis HaMpsPKEHHOCTH 3JEKTPHUECKOTO MOJs M TeMMepaTypbl pacTBOpa Mo MJOMIAAKe KaMep W BapHabesbHOCTh T0-
BpexkienHoct JIHK B naeHTHUHBIX 06pa3iiaX KJIeTOK B YCJOBHUSIX OHOTO sjekTpocopesa. Takium 06pa3oM, HECOOTBETCTBHE
MpH 3JeKTpoopese pacueTHOM (TeopeTHIecKor) U (paKTHUECKOH HaMPsKEHHOCTH JIEKTPHUECKOTO TTOJIST MOXKET CJTY?KHTh
NPUUMHOK MexK1abopaTopHoil BapuadesbHocTH aaHHbIX Metona JIHK-komer. Peuupkyssuus pactBopa B xoze 3JeKTpo-
(hopesa Mo3BoJIIET 3HAYUMO CHHU3UTH BHYTPHIKCIIEPUMEHTAJBHYIO M BHYTPHIa60paTOPHYI0 BapuabesbHOCTb Pe3yJ/IbTaToB.

% Kaouesble caoBa: meton [IHK-komer; nospexnenne JHK; mex- u BuyTpusiabopatopHasi BapuadesbHOCTb; 3J1€KTpO-
(hopeTHueckasl Kamepa; HanpsKEHHOCTh 3JIEKTPHUECKOTO T10JIs1; HarpsKeHHe.

INTRODUCTION duction of single cell gel electrophoresis (SCGE,
Assessment of DNA damage as a biomarker in comet assay) [1, 2].
biomedical and genotoxicological studies in vitro and The important characteristics of this technique, es-

in vivo has become widespread following the intro- pecially when used as a robust test in genotoxicology,
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are accuracy and reproducibility. The inter- and in-
tra-laboratory variability of data obtained using com-
et assay has remained an unresolved setback, giving
rise to uncertain or contradictory data [3, 4].

The European Comet Assay Validation Group
(ECVAG) conducted a large-scale international com-
parison study aimed at determining the inter- and intra-
laboratory precision and reproducibility of comet assay
data [5, 6]. The result revealed a high inter-laboratory
variability of data which, according to experts, was due
to usage of different protocols of the technique. It was
found that the critical factors that determined the out-
come of the comet assay include the concentration of
agarose gel, duration of alkaline denaturation/electro-
phoresis, and electric field strength [3, 4, 7]. Tempera-
ture of the solution during electrophoresis also has a
significant effect on the estimated parameters [8, 9].
Standardization of experimental procedures in sub-
sequent ECVAG studies reduced the intra-laboratory
variability of results; however, the inter-laboratory vari-
ability remained high [10—12].

The use of various equipment by laboratories
a priory does not allow for complete standardiza-
tion of the protocol. Technical tools for obtaining
and analyzing images of DNA comets do not have
a significant effect on the results obtained; whereas,
contribution of the variability of characteristics of
equipment used for gel electrophoresis stage is not
fully understood [13—15].

Traditionally, for the comet assay, electrophoretic
chambers, which are designed for agarose gel elec-
trophoresis of nucleic acids or chambers with a simi-
lar design specially designed for the technique, are
used. In this case, strength of the electric field (as for
gel electrophoresis of nucleic acids) is determined by
ratio of the applied voltage to distance between the
electrodes [15, 16]. There are repeatedly expressed
opinions that this principle of calculating strength
during alkaline electrophoresis in comet assay may
be erroneous [4, 15, 17]. At the same time, only
one study has assessed the correspondence between
calculated and actual field strength of a single elec-
trophoretic chamber [3].

This study aimed to perform a comparative esti-
mate of calculated and actual electric field strengths
in five different electrophoretic chambers, and contri-
bution of the revealed differences to variability of the
spontaneous and induced DNA damage.

MATERIALS AND METHODS

Preparing of DNA comet slides

This study was performed on mature male F
hybrid mice (CBA x C57BI/6) (weight = 22—24 g,
aged = 6—8 weeks) obtained from the Stolbovaya
animal nursery. The experiments were conducted in
accordance to the European Parliament and Council
of European Union directives (2010/63/EU) on pro-
tection of animals used for scientific purposes. The
study was approved by the Commission on Biomedi-
cal Ethics of the V.V. Zakusov Research Institute of
Pharmacology (protocol No: 6 of 04.07.19). In or-
der to comply with the 3R principles, tissue samples
from animals of positive and negative controls in the
preclinical drug studies were used.

For induction of DNA damage, 30 mg/kg of
methyl-methane sulphonate (MMS, Sigma Aldrich)
was intraperitoneally administered to the animals.
Equivalent volumes of saline were intraperitoneally
administered to the animals used as negative control.
Three hours after the saline or MMS administration,
the animals were withdrawn from the experiment by
decapitation. In the first series of experiments, DNA
damage was assessed in kidney cells, while kidney
and bone marrow cells were used for the second se-
ries of experiments.

Femoral bones were isolated, epiphyses were ex-
cised, and bone marrow cells were flushed with 2 ml
of pre-cooled at 6 °C phosphate saline buffer (con-
taining 20 mM EDTANa, and 10% dimethyl sulf-
oxide (pH 7.4)). Kidneys were minced (with a glass
rod) in a glass tube containing 3 ml of the same bui-
fer and left for 5 min at room temperature to precipi-
tate large tissue fragments.

For each experiment, identical slides from one
cell suspension were prepared. In brief, a cell sus-
pension of 60 pL was placed into tubes contain-
ing 240 pL of 1% solution of low-melting agarose
in phosphate saline buffer heated to 42 °C (Termit
microthermostat, Russia) and resuspended. Several
of such test tubes were prepared. 35 pL of agarose
solution with cells was applied onto glass slides pre-
coated with 1% universal agarose, covered with glass
covers (24 x 24 mm), and placed on ice. The glass
covers were carefully removed and microscope slides
were placed in a glass cuvette (Schiffendecker
type) with lysis buffer (10 mM TrisHCI [pH 10],
2.5 M NaCl, 100 mM EDTA-Na,, 1% Triton X-100,

% ecological genetics

2020:18(2)

eISSN 2411-9202



TEHETHYECKAS TOKCHKOJIOIHS

205

10% dimethyl sulfoxide) (precooled to 6 °C) and in-
cubated for 1 hour [22]. At end of lysis, the slides
were placed in cuvettes containing a buffer solution
(300 mM NaOH, 1 mM EDTA-Na,, pH > 13) for
electrophoresis (precooled to 6 °C) and incubated
for 20 min to denature DNA and realize alkali-labile
sites.

Electrophoresis

Electrophoresis was performed in electrophoretic
chambers SE-2 (Helikon, Russia), Sub-Cell 192
(BioRad), multiSUB Screen 32, CSL—COM40, and
COMPAC-50 (Cleaver Scientific) in electrophoresis
solution (precooled to 6 °C) for 20 min at an initial
current of 300 mA (source Power PRO 300, Cleaver
Scientific). In CSL—COM40, Sub-Cell 192, and
multiSUB Screen 32 chambers, slides containing
cells were placed on 12 sections of the chamber plat-
form as illustrated in Fig. 1. The remaining space on
the platiorm was filled with cell-free agarose slides
to cover gaps between the slides. 8 slides containing
cells which completely filled the chamber area were
placed in chamber SE-2.

The applied voltage (V) was equal to distance
(cm) between the chamber electrodes — the calcu-
lated electric field strength was 1 V/em. The actual
electric field strength was determined by measuring
of the electric potential in electrophoresis solution
at a height of ~1 mm above the slides (Mastech
MASB838 multimeter with gold-plated probes) at the
beginning (minute 0—1) and end (minute 19—20)
of electrophoresis.

In the first series of experiments, actual electric
field strength was determined by measuring the elec-
tric potential between two points in the middle part of
the chamber platiorm located at a distance of 10 cm.
For the COMPAC-50 chamber, electric potential was
measured between two points at a distance of 7.6 ¢cm
(along the slide width) in left and right parts of the
chamber by immersing probes in the electrophoresis
solution to a depth of 1 mm near the slides surface.
In the second series of experiments, for assessment
of the local electric field strength, electric potential
was measured in a centimeter segment above the
slides with cells (Fig. 1). Temperature of the elec-
trophoresis solution was measured in the same seg-
ments in the second series of experiments using
DT-8860B inirared digital thermometer (CEM).

In all cases, average value for three measurements
was calculated. In experiments with recirculation of
electrophoresis solution, B3-V PER peristaltic pump
(Etatron D.S.) with Santoprene hose (Santoprene®)
resistant to alkaline solutions was used. In the course
of electrophoresis, solution from cathode reservoir of
the chamber was supplied to anode at a rate that
yielded a change of 1.5 volumes of solution in the
reservoirs (Fig. 1).

Analysis of preparations

After electrophoresis, the slides were washed in
phosphate saline buffer, fixed in 70% ethanol for
15 min, allowed to dried, and stored at room temper-
ature until analysis. Slides were stained with SYBR
Green [ fluorescent dye (Invitrogen, 1: 10000 in TE
buffer with 50% glycerol, pH 8.5) for 20 min. Digital
images from slides (10—15 per slide) were obtained
using epifluorescence microscope Mikmed-2 12T
(Lomo, Russia) with high-resolution chamber
(VEC-335, EVS, Russia) at a total magnification
of 800 (optical x 20, digital x 40). On each slide,
100 DNA comets were analyzed and average value
of the percentage tail DNA (DNA in the “tail”, %)
was calculated using CASP 1.2.2 software.

The hypothesis on equality of mean values of the
DNA damage index for electrophoresis with or with-
out recirculation was tested using Mann—Whitney
U-test. Equality of general variances of the samples
was tested using Fisher’s F test
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Fig. 1. Geometric parameters of chambers, location of slides
with cells on the platform and sections (indicated by di-
gits 1 —12) for determining the local electric field strength and
temperature of electrophoresis solution in the CSL—COM40,
Sub-Cell 192, and multiSUB Screen 32 chambers. M — inter-
electrode distance; H — height, L — length, W — width of the
chamber platform
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RESULTS

The Table 1 presents the geometric characteris-
tics of the chambers and actual values of the elec-
tric field strength measured during electrophoresis
(the first series of experiments). For CSL—COM40
only, the measured value coincided with the calcu-
lated value. For SE-2 chamber, difference between
the calculated and measured values was the small-
est. The Sub-Cell 192 chamber is equipped with
an additional stand installed on top of the platform,
which enables it to increase the size of the agarose
gel and, accordingly, the number of slides while us-
ing the chamber for the comet assay. While perform-
ing electrophoresis with an additional platform, the
measured value of strength was 1.2 V/cm, whereas
the strength increased to 2.0 V/em without the ad-
ditional platiorm.

In the multiSUB Screen 32 chamber with the
voltage of 46 V and electrophoresis solution height
of 2 mm above the glass, current was about 420 mA.
[t was technically impossible to reduce the current to
the recommended 300 mA by removing some por-
tion of the solution, since the solution did not cover
the slides in this case. The measured strength value
with the parameters specified was significantly higher
than the calculated value (1.4 V/cm).

The COMPAC-50 chamber has a unique pat-
ented design with vertical orientation of DNA comet
slides (Fig. 2), which is advantageous due to its
compactness and large capacity (up to 50 slides).
Measurements have shown that at the manufac-
turer’s recommended voltage of 21V, electric field
strength near the surface of the slides is 0.6 V/cm.

Analysis of DNA comet preparations revealed
a high variability in the levels of spontaneous and
induced DNA damage assessed for the same sam-
ple of mouse kidney cells during electrophoresis in
the different chambers (Table I, Fig. 3). The high-
est levels of DNA damage were obtained using the
Sub-Cell 192 chamber without additional platform
(E =2.0 V/cm), and the lowest were obtained using
the COMPAC-50 chamber (E = 0.6 V/cm).

The supplied voltage was empirically selected for
the chambers, such as that the electric field strength
was 1 V/em (Table 1) and the experiments with
preparations of mouse kidney cells were repeated.
As a result of unification of electric field strength in
the chambers, similar levels of both spontaneous and
induced DNA damage were obtained. The exception
was the COMPAC-50 chamber, for which similar re-
sults were obtained during electrophoresis for 30 min
(1 V/em, 680 mA; see below).

Table 1

The dimensions of electrophoretic tanks (figure 1) and spontaneous and induced DNA damage in kidney cells of mice
at electrophoresis with an expected and actual electric field strength 1 V/cm

Dimensions At the voltage applied AE=1V/em
(cm) according D
- Sontion % DNA in tail % DNA in tail
m + SD) *** m + SD
wla|L]|D| ) |gy/emes— LD Voltage (m £ 50)
Control MMS V) Control MMS
30 mg/kg 30 mg/kg
SE-2 13 |24 |176| 27 550 1.1 1.9+09| 131+ 1.7 26 1.6+08 | 122+ 1.5
CSL—-COM40 35.5( 3.3 |14.5| 25 1900 1.0 34+28| 13.3+37
Sub-Cell 192 26 | 4.1 |15.2| 32 | 2080 2.0 90+ 1.7 207+ 19 24 1.7+07 | 99+09
(w/o add. platform)
Su.b-Cell 192 26 | 4.6 |25.7| 32 | 2150 1.2 22403 155+29 30 1.5+04 | 128422
(with add. platform)
multiSUB Screen 32| 27 | 2.5 | 32 | 46 1280 1.4 49+ 19| 167132 38 1.8+05 | 11.8+1.6
COMPAC-50 10.6(3.2%] 18 | 21 550 0.6 09+03| 46+06 28 1.5+ 0.8%]12.9 + 2.1#

Note. * Depth of electrophoresis solution above slides ~2 mm. ** Measurements at the beginning of electrophoresis at a current
~300 mA (except COMPAC-50 and Multi SUB Screen 32 tanks; see in text). *** For 12 slides (CSL-COM40, Sub-Cell 192 and Multi
SUB Screen 32 tanks) and for 8 slides (COMPAC-50 and SE-2 tanks). # Depth of electrophoresis solution (fig. 2). * Electrophoresis
30 min. W — width, L — length and H — height of platiorm of tanks; D — distance between electrodes (fig. 1).
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Analysis of the data revealed a significant varia-
tion in the average DNA damage between identical
slides obtained under the same electrophoresis con-
ditions. The CSL—COM40 chamber recorded the
highest percentage tail DNA both for spontaneous
(range = 1.1—8.8%) and induced (range =4.1—
17.9%) DNA damage. It has been suggested that
this data variability may be due to lack of homoge-
neities in field strength and/or temperature across
the chamber platiorm. In the experiments described
above, the field strength was determined by measur-
ing the electric potential above the slides on a ten-
centimeter segment in the middle part of the cham-
ber platiorm. Furthermore, in the CSL—COM40
chamber, the strength was determined in 12 sections
of the platiorm (Fig. 1) by measuring the potential
difference in a section at one centimeter above the
slides under standard conditions and with recircu-
lation of the electrophoresis solution. At the same
time, temperature of the electrophoresis solution was
determined in these sections.

Measurements revealed pronounced differences in
strength which varied from 0.8 to 1.5 V/cm at the
start of electrophoresis and from 1.0 to 1.3 V/cm at
the end (Table 2). In this case, the highest values
were noted in the sections located near the cathode
reservoir (sections 1, 4, 7, and 10), while the low-
est were near the anode reservoir (sections 3, 6, 9,
and 12). Temperature of the electrophoresis solu-
tion at the start of electrophoresis varied from 8.0 to
12.6 °C and increased significantly in all sections to
similar values at the end.

Recirculation of the electrophoresis solution led
to equalization of the electric field strength across
the chamber area of 0.9—1.1 V/cm. Temperature of
the electrophoresis solution under recirculation con-
ditions at the start of electrophoresis also differed
between the sections; however, it did not increase at
the end (though decreased in some sections).

Similar measurements were conducted in the
Sub-Cell 192 and multiSUB Screen 32 chambers
during electrophoresis of DNA comet preparations of
the bone marrow and kidney cells from intact mice
and those treated with 30 mg/kg of MMS (second
series of experiments).

In the Sub-Cell 192 chamber, without recircu-
lation of electrophoresis solution, the strength va-
lues varied from 0.8—1.1 V/cm (Table 3). Under

conditions of recirculation, the strength in all sec-
tions (except for section 11) was 1.0 V/cm at the
start of electrophoresis and increased to 1.2 V/cm
at the end. The mean values of DNA damage did
not differ significantly for electrophoresis with and
without recirculation. Also, a high level of variability
was revealed between identical slides of intact bone
marrow cells during electrophoresis without solution
recirculation, with the range of 0.9 to 3.6 % tail DNA
(CV =41.9%). Under conditions of electrophoresis
with solution recirculation, the coefficient of variation
decreased to 14.3%.

A lower scatter of values was revealed in the anal-

ysis of DNA comet slides of bone marrow cells of

Fig. 2. COMPAC-50 chamber with vertical orientation of
slides. 1 =9 sections for determining the electric field strength.
M — interelectrode distance; H — height of the solution for
electrophoresis, L — length, W — width of the chamber re-
servoir

Fig. 3. DNA comets' morphology at different electric field strength
(A, B, C, D; electrophoresis 20 minutes) and at 2-times increased
of recirculation speed (E, F; Multi SUB Screen 32 tank). Bar
scale — 50 pm
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Table 2

Values of the electric field strength and temperature of electrophoresis solution in 12 sites of CSL-COM40 tank

Number of mea- Without recirculation With recirculation
surement site 1/1,°C* E/E, (V/cm) t/t,°C E/E, (V/cm)
1 8.0/18.7 1.4/1.3 9.4/9.4 1.0/1.0
2 9.4/18.2 1.2/1.1 11.1/10.8 1.0/1.0
3 9.8/17.0 0.9/1.1 14.1/10.3 1.1/1.1
4 10.0/19.1 1.4/1.2 9.7/9.5 1.0/1.0
5 11.3/16.7 1.1/1.1 12.2/9.9 1.0/1.0
6 11.7/17.5 0.8/1.0 13.3/10.5 1.1/1.0
7 10.4/18.0 1.5/1.3 10.5/10.0 1.1/1.0
8 10.1/18.3 1.3/1.1 12.1/11.0 1.0/1.1
9 10.6/17.3 0.8/1.0 14.1/11.7 1.1/1.0
10 12.6/17.6 1.5/1.3 10.8/9.5 0.9/1.0
11 11.2/17.0 1.2/1.1 11.1/10.2 1.0/1.0
12 10.0/17.6 0.9/1.0 12.2/10.4 1.0/1.0
cv, % 22.6/10.2 6.1/3.8

Note. * here and in tables 3 and 4 — the values obtained at the beginning £;; £, (0—1 minutes) and at the end Z; E; (19—20 minutes)

of electrophoresis

animals treated with MMS. The coefficient of varia-
tion in this case of electrophoresis was 8.6 % without
recirculation of solution and 4.6 % under solution re-
circulation. As in the case of CSL—COM40 cham-
ber without recirculation, temperature of the electro-
phoresis solution increased significantly at the end
of electrophoresis but did not exceed 11.8 °C under
recirculation. Moreover, in both cases, difference in
temperature of solution above the slides and in the
chamber tanks did not exceed 3 °C.

In the multiSUB Screen 32 chamber, the elec-
tric field strength across the platform varied within
0.8—1.2 V/em at the start of electrophoresis and
between 0.9—1.3 V/em at the end (Table 4). At the
same time, the picture opposite compared to the
CSL—COM40 chamber was noted. Precisely, high
values of strength were recorded in sections located
near the anode reservoir, while low values were reg-
istered near the cathode reservoir. The recirculation

of the electrophoresis solution somewhat reduced
the unevenness of the electric field strength across
the site.

Unlike the CSL—COMA40 and Sub-Cell 192 cham-
bers, solution recirculation neither prevented temper-
ature variability across the chamber site nor increased
the temperature at the end of electrophoresis. A two-
fold increase in recirculation rate did not affect the
variability of strength and temperature (data not pre-
sented), but changed the direction of comets’ tails on
the slides. The analysis of such images was not per-
formed (Fig. 3, £ and F). The mean values of DNA
damage did not differ significantly for electrophoresis
with or without recirculation. DNA damage in intact
kidney cells varied between slides from 0.7—2.8% of
tail DNA (CV = 36.1%). The coefficient of variation
for slides with induced DNA damage in kidney cells
was higher when compared to that of the Sub-Cell
chamber (CV = 16.2%). A decrease in coefficients of
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Table 3

Values of the electric field strength and temperature of electrophoresis solution in 12 sites of Sub-Cell 192 tank (with
additional platform) and correspond spontaneous and induced DNA damage in bone marrow cells of mice

Without recirculation With recirculation
ofljnueI:sbue;e- e EJE, % DNA in tail e EJE % DNA in tail

ment site o (V/em) Control 30Nrir1NgX/Skg S (V/em) Control 30Nrir1NgX/Skg

1 8.6/17.0 1.0/1.0 0.9 7.3 6.5/10.1 1.0/1.2 1.4 6.3

2 8.5/17.2 1.0/0.9 1.4 6.2 8.0/10.9 1.0/1.2 1.3 6.0

3 8.5/17.2 1.1/0.9 2.9 7.5 8.6/11.3 1.0/1.2 1.7 6.9

4 9.9/16.1 1.0/1.0 1.3 6.8 7.3/10.8 1.0/1.2 1.5 6.6

5 8.8/19.5 1.0/0.9 1.8 6.8 9.5/11.5 1.0/1.2 1.3 6.5

6 8.3/18.8 1.0/0.9 2.0 6.8 9.3/11.6 1.0/1.2 1.2 6.5

7 9.2/18.5 1.0/0.8 2.0 6.1 9.2/10.4 1.0/1.2 1.4 7.0

8 9.2/19.1 0.9/0.8 1.7 6.6 9.0/11.1 1.0/1.2 1.4 6.1

9 6.6/18.5 1.0/0.9 1.3 5.5 9.4/11.4 1.0/1.2 1.8 6.5

10 9.6/19.3 0.9/0.8 3.6 6.0 7.7/10.2 1.0/1.2 1.2 6.3

11 8.7/19.4 0.8/0.8 1.7 6.9 8.3/11.2 0.9/1.1 1.7 6.5

12 6.1/14.7 | 0.8/0.8 1.2 6.5 9.4/11.8 1.0/1.2 1.7 6.2
m + SD 1.8+05 66+04 1.5 +0.2% 6.5 + 0.3#%

v, % 9.4/8.6 41.9 8.6 2.9/2.4 14.3 4.6

Note. * p = 0,0002; # p = 0,04 (F-test); ¥ p > 0,05 (Mann—Whitney U-test) as compared with electrophoresis without recir-

culation.

Table 4

Values of the electric field strength and temperature of electrophoresis solution in 12 sites of MultiSUB Screen 32 tank
and correspond spontaneous and induced DNA damage in kidney cells of mice

Without recirculation With recirculation
umber e | B % DNA in tail e | e % DNA in tail
ment site S (V/em) Control SOA:‘qqu/Skg — (V/em) Control 30]\/1‘11]\2/Skg
1 8.9/20.6 0.8/1.0 1.9 9.6 8.3/13.7 1.0/1.0 1.3 9.2
2 9.2/20.8 0.8/0.9 1.2 10.4 8.7/13.5 0.9/0.9 1.4 1.1
3 9.0/15.8 1.2/1.2 2.3 9.9 8.6/14.2 1.2/1.0 1.7 13.5
4 7.9/18.8 0.8/1.0 2.6 13.3 9.3/12.1 1.0/1.0 1.8 12.2
5 9.3/20.5 0.8/0.9 1.1 13.8 8.8/14.8 0.9/0.9 0.9 10.3
6 8.8/10.6 1.2/1.2 2.1 14.7 7.0/12.1 1.2/0.9 2.3 12.0
7 9.1/18.7 0.9/1.0 1.9 15.1 8.8/13.4 1.0/1.0 1.6 13.1
8 8.7/20.4 0.9/0.9 1.4 11.4 8.0/14.3 0.9/1.0 1.1 8.8
9 8.1/15.2 1.2/1.3 0.7 10.4 7.8/17.7 1.1/0.8 2.1 10.4
10 8.9/21.7 0.9/1.0 2.1 11.5 6.2/13.3 1.0/1.0 2.1 10.8
11 9.0/21.5 0.9/0.9 1.3 10.8 7.8/17.8 0.9/0.9 1.7 8.7
12 8.5/15.0 1.0/1.1 2.8 10.8 7.7/16.8 1.0/0.8 1.8 12.1
m + SD 18405 11.8+1.6 1.740.4%& 11.041.3%¢
cV, % 17.1/13.3 36.1 16.2 10.8/8.3 25.4 14.6

Note. * p > 0,05 (F-test); ¢p > 0,05 (Mann—Whitney U-test) as compared with electrophoresis without recirculation.
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variation in the indices of spontaneous and induced
DNA damage was recorded as compared to electro-
phoresis without solution recirculation; however, it
was not as pronounced as in the case of Sub-Cell
192 chamber.

The special aspects of electrophoresis in the COM-
PAC-50 chamber are worth noting. At the manufac-
turer’s recommended voltage (21 V), the current and
field strength was 420 mA and 0.6 V/cm, respectively.
An electric field strength of 1 V/em was achieved
with an applied voltage of 28 V; however, the current
increased to 680 mA, which is within the limit of the
power source. Experiments with the measurement of
local strength at 9 sections (Fig. 2) revealed that at
the start of electrophoresis, the strength was 1.0 V/cm
in all sections (1.2 V/em in section 3 between the
slides). By the end of electrophoresis, an increase in
the current strength up to the limit of 700 mA led to
a drop in voltage output of the power source down
to 25 V (transition from voltage stabilization to cur-
rent stabilization) and, accordingly, a drop in the field
strength and its variation in the sections from 0.7 to
0.9 V/cm.

DISCUSSION

In horizontal agarose gel electrophoresis of nu-
cleic acids, the ratio of applied voltage to distance
between the electrodes is used to calculate the elec-
tric field strength regardless of the chamber geom-
etry [15, 16]. Since in the comet assay use electro-
phoretic chambers of the same design, this principle
was adopted by default when calculating the recom-
mended voltage of 1.0 V/em, when the applied vol-
tage (V) is equal to the interelectrode distance (cm).
Among the chambers used in our study, only one of
them had a strength measurement value that coin-
cided with the calculated value, while the four oth-
ers had a strength measurement that varied irom 0.6
to 2.0 V/em. As a result, the DNA damage values
estimated in the same sample of mouse kidney cells
differed between chambers by up to 4.7 times when
assessing the MMS-induced DNA damage and up
to 10 times when assessing the spontaneous DNA
damage. The discrepancy between the measured va-
lues of the electric field strength and the calculated
values was reported in a study by Azqueta et al. [3].
Values below the calculated ones were observed,
with the difference being inversely proportional to

the applied voltage (electrophoretic chamber model
was not specified). In our study, a measured elec-
tric strength lower than the calculated value was
revealed for COMPAC-50 chamber, which has a
non-standard configuration with vertical orientation
of slides; however, in the other chambers, the values
were higher.

To obtain optimal comet images, Olive et al. [17],
perform electrophoresis for 20—25 min at a voltage
equal to product of the distance between the cham-
ber electrodes by 0.6. Such calculations related to
all chambers used in this study gave voltage values
significantly lower than those determined experimen-
tally (1 V/cm) (Table 1). In a number of papers, it
was proposed that strength should be calculated as
ratio of the voltage supplied to length of the cham-
ber platform (Fig. 1, E) [3]. The expected and actual
values of strength with this principle of calculation
coincide only for Sub-Cell 192 chamber without an
additional platform and multiSUB Screen 32. In ad-
dition, with constant interelectrode distance and ap-
plied voltage, electric field strength on the platform
with slides depends on its size. Thus, in the Sub-Cell
192 chamber, a voltage of 1 V/cm was achieved at
an applied voltage of 24 V, whereas a voltage of 30 V
was required when installing an additional platiorm
to obtain the required field strength. These findings
indicate that it is impossible to common the prin-
ciple of calculating the electric field strength in the
case of alkaline electrophoresis of DNA comets and
in each case should be experimentally determine the
applied voltage, providing the required field strength.
A similar conclusion was made in a recent paper of
Brunborg et al. [15].

Till date, there is no generally accepted rule on
the value of electric field strength at which electro-
phoresis in comet assay should be performed. The
OECD guidelines, referring to the results of stud-
ies by the Japanese Center for the Validation of Al-
ternative Methods (JaCVAM), recommend electro-
phoresis for 20 min at a voltage of 0.7 V/cm [18].
According to a number of experts, electrophoresis is
optimal at 1.15 V/em for 20 minutes or at 0.7 V/cm
for 30 minutes [3, 4, 15, 19]. According to literature,
most researchers use a voltage of 1 V/cm, focusing on
the recommendations issued by Tice et al. [20]. Our
own long-term experience on the comet assay shows
that electrophoresis at the strength of 1.0—1.2 V/cm
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for 20 minutes is optimal. The use of lower values
reduces the technique sensitivity, while higher values
can lead to distorted analysis results. Detachment of
DNA from the comet’s “tail” and/or diffusion of small
DNA fragments in the gel can lead to an underesti-
mation of the DNA damage value (Fig. 3) [15].

[t is believed that strength of the current does not
affect DNA migration in the gel, but at the same
time, in contrast to the electric field strength, a cer-
tain value is recommended for the current strength
(300 mA) at the start of electrophoresis. It is not
known for certain why exactly this current strength
was initially accepted as optimal in the comet assay.
There is an opinion that at time of the technique de-
velopment, power supplies for electrophoretic cham-
bers with a rated current load of more than 300 mA
were not widely available due to their high cost [21].
The current strength depends directly on the height
of the electrophoresis solution above the slides and
is regulated by lowering/addition of the latter. Brun-
borg et al. [15] recommended electrophoresis with
a solution height above the glasses at least 5 mm.
According to the authors, this reduces the uneven-
ness of temperature and strength across the cham-
ber platform and, accordingly, the intra-experimental
variability of the data. An insignificant decrease in
the electric field strength with increase in current
strength can be corrected by increasing the voltage
applied to the chamber.

Along with the inter-laboratory variability, the in-
tra-laboratory variability of the comet assay data rep-
resents an important problem [3, 4, 15]. Depending
on the chamber used, coefficient of variation of DNA
damage value for identical cell samples within the
one electrophoresis run amounted to 8—16% and
36—42% induced and spontaneous DNA damage,
respectively. Similar results were obtained in two
studies [22, 23]. If for induced DNA damage, coeffi-
cient of variation did not exceed 14 %, then for spon-
taneous DNA damage, it reached 52%. This fact is
of particular importance when using the comet assay
in research aimed at primarily assessing low levels
of DNA damage such as genetic biomonitoring or
clinical studies.

In the work Gutzkow et al. [19], where GelBond®
minigels were used instead of standard slides, it was
demonstrated that recirculation of electrophoresis
solution reduces the coefficient of variation of DNA

damage in irradiated cells from 26 to 7%. The au-
thors suggested that the intra-experimental variability
may be associated with heterogeneity of the electric
field strength over the chamber platform. In a subse-
quent study, they showed that the field strength varies
across the chamber platform (CV = 10.5%) and solu-
tion recirculation, depending on speed, and that the
coefficient of variation reduced to 0.5% [15]. For the
three chambers in our study, the variability of the
field strength (CV from 9.4 to 22.6%) was revealed.
For the Sub-Cell 192 and CSL—COM40 chambers,
recirculation of solution during electrophoresis sig-
nificantly reduced the strength unevenness; however,
this decrease was less pronounced in the multiSUB
Screen 32 chamber. In the Sub-Cell 192 cham-
ber, under recirculation conditions, the decrease in
strength heterogeneity was accompanied by a de-
crease in the variability of spontaneous and induced
DNA damage. In the multiSUB Screen 32 cham-
ber, the variability of indices in both cases remained
high. The lack ol homogeneity of the field strength
is presumably associated with local changes in the
course of electrophoresis (especially in the specific
electrical conductivity of the solution) due to tem-
perature and/or ion concentration gradients in the
chamber [15, 24]. It was revealed that an increase
in temperature of the electrophoresis solution dur-
ing electrophoresis is accounts for heterogeneity in
the chamber, with higher values in the middle part of
the platform (chamber SE-1) [9]. For the multiSUB
Screen 32 chamber, in sections near the anode re-
servoir (3, 6, 9, 12), where the solution temperature
was lower, higher strength values were registered.
Experiments have shown that if the temperature of
solution above the slides increases significantly by the
end of electrophoresis, it increases by no more than
5 °C in the reservoirs of the chamber, thus forming
temperature gradients. Recirculation leads to an ac-
tive change of solution above the slides, contributing
to equalization of temperature throughout the cham-
ber (difference <3 °C). Probably, in a similar way, re-
circulation also prevents the emergence of electrolyte
ions concentration gradients [15, 24]. A significant
difference between the multiSUB Screen 32 cham-
ber and Sub-Cell 192 chamber is the smaller volume
of electrophoresis solution used (1,280 ml versus
2,150 ml). It can be assumed that the smaller the
volume of the electrophoresis solution with similar
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dimensions of the chamber platiorms, the lesser
the stabilizing eflfect of recirculation. Changes in
pH of solution near the electrodes resulting from

time and electrophoresis conditions. Mutation
Research. 2011;724(1-2):41-45.  https://doi.
org/10.1016/j.mrgentox.2011.05.010.

the water electrolysis can also afiect the local elec- 4 Azqueta A, Muruzabal D, Boutet-Robinet E, et al.

tric field strength [25]. At the same time, given the Technical recommendations to perform the al-

high concentration of electrolyte in the solution, the kaline standard and enzvme-modified comet

high value (pH > 13.0) and the relatively short elec- . . . Y . .

trophoresis time, the contribution of pH changes is assay in human blomomtormg.studles. Mutqt

considered as insignificant [ 14, 15]. Res. 2019;843:24-32. https://doi.org/10.1016/].
mrgentox.2019.04.007.

CONCLUSION 5. Forchhammer L, Johansson C, Loit S, et al.
Overall, data obtained in this study show that Variation in the measurement of DNA dam-

discrepancy between calculated value of electric age by comet assay measured by the ECVAG
field strength during electrophoresis and actual inter-laboratory validation trial. Mutagenesis.
value justifies the inter-laboratory variability of the 2010;25(2):113-123. https://doi.org/10.1093/
comet assay results. Before conducting the experi- mutage/gep048.
ments for a particular electrophoretic chamber, the g johansson C. Moller P. Forchhammer L, et al.
voltage t.hat provides the required values of the An ECVAG trial on assessment of oxidative
electric fle.ld streng‘.[h. and current stre?ngth should damage to DNA measured by the comet assay.
be dete.rm1-r1.ed empirically. T(.) reduce mtre.l—labora— Mutagenesis. 2010;25(2):125-132. https://doi.
tory variability of data, especially when using large
chambers, recirculation of the solution during elec- org/lO.1093/mutage/gep055.
trophoresis is recommended, which stabilizes the 7. Ersson C, Méller L. The effects on DNA mi-
temperature as well as electrochemical processes gration of altering parameters in the comet
in the chamber. In combination with unification assay protocol such as agarose density, elec-
of other experimental conditions (concentration of trophoresis conditions and durations of the en-
agarose gel, duration of alkaline denaturation and zyme or the alkaline treatments. Mutagenesis.
electrophoresis), this will ensure inter- and intra- 2011;26(6):689-695. https://doi.org/10.1093/
laboratory precision and reproducibility of the com- mutage/ger034.

et assay data, 8. Speit G, Trenz K, Schiitz P, et al. The influence of

temperature during alkaline treatment and elec-
The authors declare no conflicts of interest and no . . .
commercial implications in the planning, execution trophoresis on results obtained with the comet as-
. L 7 ' say. Toxicol Lett. 1999;110(1-2):73-78. https://
and preparation for publication of this work. .
doi.org/10.1016/S0378-4274(99)00137-X.
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