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COMPARISON OF MICRONUCLEI
FREQUENCY IN BONE MARROW CELLS
OF THREE RAT LINES

The aim of this paper is to compare the spontane-
ous and induced with cyclophosphamide micronucleus
indexes in bone marrow cells of the Sprague Dawley,
Lewis and Wistar rat lines. Five experimental groups
were formed (10 animals of each sex and of each line,
in every group). The first group was used as the nega-
tive control (intact animals), the second one was exposed
to oral administration of drugs; other conditions were
the same as for the other groups. The third group was
treated with 2 % Tween 65 and the fourth group was
treated with 0.9 % NaCl. Both substances were admin-
istered by oral way to 2 ml/kg during 14 days. The fifth
group was treated intraperitoneally with strong mutagen
cyclophosphamide in the dose of 50 mg/kg (10 ml/kg in
solution), on 48" and 24" hours before euthanasia. The
Sprague Dawley line (both sexes) was significantly dif-
ferent from the other lines. Rats of this line had lower
index of spontaneous formation of micronuclei, higher in-
dex of cyclophosphamide-induced micronucle formation,
percent of micronucleated erythrocytes in bone marrow
and the index of cytotoxicity. The results obtained make
it possible to identify the most appropriate line of rats as
model animals for studies of genotoxicity. It will allow
also to obtain more accurate estimates of genotoxicity of
various substances.
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Introduction. Usually for testing genotoxicity of
different substances researchers use different lines
of rats. Due to genetic differences between lines
their results cannot be compared. That is why the
correct choosing of model organisms remains the
very important problem [1]. Comparative studies
of spontaneous and induced genome damages in
different lines of rats could provide researchers
with efficient way of choosing the most appropri-
ate genetic lines of rats for their tests.

One of popular test of genotoxicity is the
micronucleus assay in bone marrow cells. This
test is easy to perform and it provides research-
ers with clear information on the rate of genome
damages in bone marrow cells. This approach al-
lows to register in vivo an ability of chemical sub-
stances to induce chromosome breaks [2]. The
increasing of frequency of polychromatic eryth-
rocytes with micronuclei indicates the respective
invreasing of chromosome damages [2, 3]. The
detection of micronucleated erythrocytes can
also be performed in species, whose spleen can-
not eliminate the micronucleated erythrocytes or
species sufficiently sensitive to detect agents that
cause numeric or structural chromosome aberra-
tions [2, 3]. The micronucleus assay must include
the positive control with mutagenic substance —
usually cyclophosphamide [2]. This mutagen is
an alquilant agent that forms monoadducts and
cross-connections between chains [3] and does
not possess the specificity dependent on the cell
cycle [4]. The aim of this article is to compare
the spontaneous and cyclophosphamide induced
micronucleus indexes of Sprague Dawley, Lewis
and Wistar rat lines.

Materials and methods. Animals and environ-
mental conditions. Sprague Dawley, Lewis and
Wistar rat lines, young adults (6—8 weeks of age)
of both sexes with body mass about 180—210 g at
the end of the quarantine were used in our work.
They were held under temperature 23 + 2 °C,
relative humidity 60 = 10 % and 12 h cycles of
light-darkness. The access to the water and the
food (CENPALAB) was ad libitum. These condi-
tions were common for all groups. We adhered
to the ethical principles for the investigation with
laboratory animals according to the Canadian
Advice of Care Animal [5].

Doses and treatment procedures. All the sub-
stances were administered in the «two days» shed-
ule and the concentrations were adjusted weekly
according to the body mass increasing. The ani-
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mals were randomly distributed among 5 groups
with 10 rats of each sex of each line per group.
The first group was used as the negative control
(intact animals), the second one was exposed to
oral administration of drugs (technique control
group). The third experimental group was treated
with 2 % Tween 65 (carrying substance 1) which
is used as carrier of many nonpolar hydrophobic
substances, useful as tensoactive agent [6]; the
fourth group was treated with 0.9 % NaCl (carry-
ing sustance 2), useful as solvent of most hydro-
philic substances [7]. Both substances were pre-
pared for 2 hours before using and were applied
per os to 2 ml/kg during a period of 14 days.
The fifth group was treated intraperitoneally with
cyclophosphamide (Ledoxina®. Lemery. CORP)
previously dissolved in 0,9 % NaCl, in the dose
of 50 mg/kg [8]. The solution of cyclophospha-
mide was used immediately after being prepared
and applied to animals (in dose 10 ml/kg), on the
48t and 24th hours before euthanasia [8].

Clinical observations. We performed two daily
clinical observations, during 8:30—10:30 a.m. and
during 3:00—4:30 p.m. During each observation
we had investigated the general clinical state of
the animal, including the palpation for the detec-
tion of lesions, possible breathing affectations, of
the nervous, cardiovascular, gastrointestinal sys-
tem, state of the skin, hair, mucous and eyes col-
oration.

Euthanasia method. All animals were sacrificed
with ether. We provided this process in a way that
the animals did not show pain signs or suffering.

Bone marrow cells micronucleus assay. The mi-
cronucleus assay was performed according to the
modified protocol [9, 10]. One femur per animal
was extracted and the medullar cavity was washed
out with 3 mL of fetal bovine serum. The ob-
tained cells were centrifuged at 200 g for 10 min;
and the pellet was spreaded onto the slides [9].
The slides (minimum 2 slides per animal) were
dried 24 h under ambient temperature, fixed in
absolute methanol (5 min) and stained with 5 %
Giemsa for 12—15 min [10]. The analysis was
performed by three independent observers, us-
ing a microscope Olympus BH-2 (100x lens with
immersion).

The polychromatic erythrocytes (PE) and
normochromatic erythrocytes (NE) were count-
ed among 2000 cells/animal. The young eryth-
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rocytes are the PE, microscopically they are ob-
served as blue cells and the normochromatic
erythrocytes (adults) are observed as pink [2, 9].
The percent of PE with micronucleus (MN-EP)
was calculated in 2000 PE/animal. Later the cy-
totoxicity index (PE/NE) was calculated for the
total population of erythrocytes per group and
total number of micronucleus (MN) [10]. In this
work we presented the average results of three
independent observers.

Statistical analysis. We calculated the aver-
age (X) and standard deviation (S.D) of studed
variables. The comparisons between controls and
cyclophosphamide-treated (CF) groups for the
same line, among different lines, sex and ob-
servers were performed with ANOVA with sig-
nificance level a = 0.05. The categorical variables
(total number of micronuclei) were analysed by
Chi-Square, with significance level of a = 0.01.
All the analyses were performed with STATIS-
TICA (version 6) (StatSoft, Inc, 2003).

Permission of ethics committee. The authors
declare that this work was made on the base of
good practices of preclinical laboratory that are
present in the national regulation of protocols of
research, approved in the Cuban republic. When
this research began it was obtained the protocol
approval in writing.

Results and discussion. We did not observe any
systemic damages of the whole organism of animals.
We did not observe also animals with symptoms of
intoxication. The damages were noted at the level
of somatic cells. It let us conclude that the doses
and the schedule of treatments were appropriate.

The groups of cyclophosphamide-treated ani-
mals differed from other groups of rats, while
groups of negative controle, groups of control
of the treatment way and two solvent substances
did not differe each from other in the same sex
groups and lines [7, 11]. The results obtained for
Sprague Dawley rats are in good accordance with
our previous works [12, 13].

The low (but significant) intoxication (PE/
NE) was noted for Sprague Dawley rats of both
sexes. No differences were found among sexes of
the same group and rat line (Table 1) [7, 11]. In
other studies differences among sexes were not
observed also [14—16].

In Sprague Dawley line the PE/NE is equal
1.18 £ 0.06; the genotoxicity index was about
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Table 1
The cytotoxicity indexes (PE/NE) and percentage of PE with micronucleus in bone marrow
of Sprague Dawley, Lewis and Wistar rats
Groups n Sex MNR PE/NET MN-PE (%)T
Sprague Dawley Rats
Negative Control (Intact) 10 F 28a 1,21 + 0,05 0,20 + 0,03a
10 M 26a 1,17 £ 0,04 0,18 + 0,04a
Technique Control 10 F 32a 1,19 £ 0,06a 0,22 £0,01a
10 M 27ac 1,20 + 0,03a 0,19 + 0,05a
Vehicle Substance 1 10 F 29a 1,21 £ 0,02a 0,20 £ 0,02a
10 M 30a 1,19 + 0,04a 0,21 £ 0,02a
Vehicle Substance 2 10 F 25a 1,18 + 0,04a 0,17 £ 0,05a
10 M 22a 1,18 + 0,06a 0,15 + 0,06a
Cyclophosphamide ! 10 F 250**a 0,89 = 0,04*a 1,74 + 1,03*a
10 M 241**ac 0,90 + 0,03*a 1,68 + 0,92*ac
Lewis Rats
Negative Control (Intact) 10 F 46b 1,10 £ 0,03b 0,31 + 0,04b
10 M 48b 1,11 £ 0,03b 0,33 + 0,03b
Technique Control 10 F 48b 1,11 £ 0,02b 0,33 = 0,05b
10 M 47b 1,09 + 0,03b 0,32 + 0,06b
Vehicle Substance 1 10 F 49b 1,12 £ 0,02b 0,34 + 0,06b
10 M 50b 1,13+ 0,02 b 0,34 + 0,05b
Vehicle Substance 2 10 F 42 b 1,10+ 0,03 b 0,29 + 0,07b
10 M 44 b 1,13+0,02b 0,30 £ 0,07b
Cyclophosphamide! 10 F 295%*b 0,82 + 0,02*b 2,03 + 1,48%b
10 M 291%*b 0,81 + 0,02*b 2,00 + 1,08*b
Wistar Rats
Negative Control (Intact) 10 F 53b 1,11 £ 0,02b 0,36 + 0,03b
10 M 47bc 1,10 £ 0,04b 0,33 £ 0,02b
Technique Control 10 F 54b 1,12 + 0,03b 0,37 = 0,02b
10 M 49bc 1,14 £ 0,02b 0,34 + 0,04b
Vehicle Substance 1 10 F 50b 1,10 £ 0,03b 0,34 + 0,05b
10 M 55bc 1,11 = 0,03b 0,38 + 0,03b
Vehicle Substance 2 10 F S51b 1,10 = 0,03b 0,35+ 0,03b
10 M 46bc 1,12 + 0,04b 0,32 + 0,05b
Cyclophosphamide! 10 F 292%*bc 0,79 + 0,03*b 2,01 + 1,56*b
10 M 298**b 0,80 + 0,02*b 2,05 + 1,16*b

Inducation. PE — Polychromatic Erythrocytes. NE — Normochromatic Erythrocytes. MN — Micronucleus.
Count in 2000 cells/animal of 10 animal/group/sex/line. T Analyzed variable using the ANOVA test (X: average;
SD: Standard Deviation). R Analysed variable, y?> non parametric test. ! Intraperiytoneal treatment. *p < 0,05
(comparison with the negative control group in the same genetic line and sex, ANOVA test). **p < 0,01
(comparison with the negative control group in the same genetic line and sex, Chi Square (¥?) non parametric
test). a, b — Different letters it differs when comparing among lines keeping in mind the same variable in the
same experimental group and sex. ¢ — Comparison between sexes in the same experimental group and rat lines.
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Table 2
Variation of data obtained by three observers
MNR PE/NET MN-PE (%)T
Groups Sex
Obl Ob2 Ob3 Obl Ob2 Ob3 Obl Ob2 Ob3
Sprague Dawley Rats
NC F 25a 30a 29a 1,26b 1,18a 1,19a 0,15a 0,19a 0,26a
M 24a 24a 30a 1,14a 1,19a 1,18a 0,22a 0,15b 0,17a
TC F 27a 34a 35b 1,18a 1,23a 1,16a 0,25a 0,22a 0,19a
M 22a 29a 30b 1,22a 1,20a 1,19a 0,17a 0,19a 0,21a
VSI F 26a 27a 34b 1,26b 1,19a 1,18a 0,16a 0,20a 0,24a
M 33a 30a 27a 1,16a 1,20a 1,21a 0,22a 0,24a 0,17a
VS2 F 20a 29b 26ab 1,17a 1,18a 1,19a 0,16a 0,15a 0,20a
M 20a 19a 27b 1,15a 1,20a 1,19a 0,15a 0,13a 0,17a
CF F 241a 249ab 260b 0,79a 0,98a 0,90a 1,82b 1,56a 1,84a
M 235a 248a 240a 0,94a 0,77a 0,99a 1,55a 1,62a 1,87a
Lewis Rats
NC F 50a 43a 45a 1,10a 1,13a 1,07a  0,29ab 0,27a 0,37b
M 53a 46a 45a 1,17b 1,10ab 1,06a 0,36a 0,34a 0,29a
TC F 43a 46a 55a 1,08a I,11a 1,14a 0,38a 0,28a 0,34a
M 43a 45a 53a 1,15a 1,07a 1,06a 0,29a 0,30a 0,37a
VS1 F 43a 55b 49ab 1,09a 1,10a 1,17a 0,34a 0,32a 0,36a
M 42a 52ab 56b 1,08a 1,16a 1,15a 0,25a  0,38ab  0,39b
VS2 F 40a 46a 40a 1,12a I,11a 1,07a 0,34a 0,26a 0,27a
M 47a 45a 40a 1,15a 1,14a 1,10a 0,30a 0,33a 0,27a
CF F 286a 289ab 310b 0,66a 0,92b 0,88ab  2,09ab 1,76a 2,25b
M 280a 288ab 305b 0,90b 0,83ab 0,70a 2,50b 1,84a 1,67a
Wistar Rats
NC F 42ab 50b 37a 1,10a 1,13a 1,10a 0,35a 0,35a 0,39a
M 42a 49a 50a 1,07a 1,14a 1,09a 0,29a 0,37a 0,33a
TC F 55a 48a 59a 1,13a 1,09a 1,14a 0,39a 0,37a 0,35a
M 46a 49a 52a 1,14a 1,17a 1,11a 0,34a 0,37a 0,32a
VS1 F 44a 56b 50ab 1,11a 1,12a 1,07a 0,33a 0,35a 0,34a
M 5la 58a 56a 1,10a 1,15a 1,08a 0,37a 0,36a 0,42a
VS2 F 49a Sla 53a 1,07a 1,12a 1,11a 0,32a 0,36a 0,37a
M 44a 45a 49a 1,13a 1,16a 1,07a 0,33a 0,32a 0,31a
CF F 285a 296a 295a 0,87b 0,90b 0,60a 1,94a 2,04a 2,05a
M 299a 300a 295a 0,83a 0,78a 0,80a 2,09a 2,00a 2,06a

Inducation. NC — Negative Control. TC — Technique Control. VS1 — Vehicle Substance 1. VS2 — Vehicle
Substance 2. CF — Cyclophosphamide. O — number of observers. PE — Polychromatic Erythrocytes. NE —
Normochromatic Erythrocytes. MN — Micronucleus. Count in 2000 cells/animal of 10 animal/group/sex/line.
T Analyzed variable using the ANOVA test (X: average; SD: Standard Deviation, p < 0,05). RAnalyzed variable
using the y2 non parametric test (p < 0,01). a, b — Different letters it differs when comparing the results of each
observer in the same variable, rat line, sex and experimental group.
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0.15 £ 0.06 % of polychromatic erythrocytes with
micronucleus. The response of Sprague Daw-
ley line to the cyclophosphamide was high, but
smaller than the clastogenicity results obtained in
both sexes of Lewis and Wistar lines. The total
MN level in Sprague Dawley rats was lower than
in animals of other lines. On the other hand,
the cyclophosphamide revealed its biggest clas-
togenic effect in the males of Wistar rats [11,
16]. Significant differences between sexes were
not observed. The different response of rat lines
on cyclophosphamide is the result of their dif-
ferences in drug metabolism [7, 17, 18]. Hepatic
enzymes are fundamental in the first phase of
xenobiotic metabolism that participates in the
cyclophosphamide metabolism in the liver [7,
11, 17—21]. The differences in expressions of en-
zymes lead to differences in their metabolisms
[20, 21]; different concentrations of the metabo-
lites, active mutagene levels and so on.

The comparison of data of three independent
observers is shown in the Table 2. In general the
results demonstrated little variation of the vari-
ables and studied experimental groups. These
data are in good correspondence with results of
other investigators [23, 24| where high repeata-
bility and consistency in their micronucleus assay
in bone marrow cells were demostrated. Thus, it
may be recommended to explore genotoxic ef-
fects of drugs at the chromosome level [9].

Being based on the data obtained, we sup-
pose that the Sprague Dawley rat line is more
genetically stable than the other lines. This line
revealed the lower spontaneous indexes and ac-
ceptable cyclophosphamide-induced indexes [25,
26]. These results are important also due to het-
erogeneity of response of the Sprague Dawley
rats, similar to those in human populations [25,
26]. Futher, we suggest to use Wistar rats in ex-
periments with cyclophosphamide intraperitoneal
treatment as positive control. In our experiments
Wistar line was the most sensitive to the muta-
genic action of cyclophosphamide and this line
may be good biomodel to detection of mutagenic
effects of similar substances.

Conclusions. The Sprague Dawley rats of both
sexes differ significantly from the other lines in
lower spontaneous indexes and acceptable in-
duced with cyclophosphamide indexes in the
bone marrow cells micronucleus assay.

74

The authors thank to the technical personnel of
the animal facilities installation from Research and
Development Vicepresidency of the Finlay Institute,
Cuba.

D.F. Arencibia-Arrebola, L.A. Rosario-Fernandez,
Y.E. Suarez-Fernandez, A. Vidal-Novoa

CPABHEHUME YACTOTbI MUKPOAIEP
B KJIETKAX KOCTHOI'O MO3T'A
TPEX JIMHUUM KPBIC

CpaBHUBaIM CIOHTaHHBIE W WHIYLIHUPOBAaHHbBIC
ukinodochaMuIoM MUKPOSIIEPHbIE MHIEKCH B KJIET-
Kax KOCTHOTO MO3ra TpeX JMHMI KpbiC — Sprague
Dawley, Jlstouc u Bucrap. CdopmupoBanu mnsiTh
3KCMEePUMEHTAJIbHBIX Tpyrn (1o 10 XXMBOTHBIX Kax-
JIOTO TI0JIa U JIMHUM B Kaxoit rpyrre). [lepByto rpyri-
My WCIOJb30BAIM B KayeCTBE HEraTMBHOTO KOHT-
poJisi (MHTaKTHBIE >KMBOTHBIE), BTOpasl CIy>KWjia KOHT-
poJieM BJIUSIHUSI TIEPOPAIbHOTO TIpMeMa MpernapaTosB.
Bce ycnoBus copepkaHusi ObLIM OMMHAKOBBIMU JIJIsI
BCEX TPYII KUBOTHBIX. KpbIc TpeTbeil Tpymmbl 00-
pabareBai 2 % Tween 65, a 4yeTBEepTOM TPYIIIBI —
0,9 % NaCl. O6a BeniecTBa BBOAWIM MEPOPATHLHO B
noze 2 mia/kr B TeueHue 14 nHeir. KMBOTHBIX Tisi-
TOI TpyIIbl 00pabaThIBaIM BHYTPUOPIOIIMHHO 1IUKJIIO-
dbochamunom B mo3e 50 mr/kr (10 Ma/Kr pactBopa),
3a 48 u 24 4 mo sBra”asuu. Jlunusa Sprague Dawley
(oba moyia) CyHIECTBEHHO OTJIMYAETCS OT JPYruX.
Kpbicbl 3TOIl JMHUM UMENIM HU3KUE TOKa3aTeau
CITOHTAHHOTO 00pa30BaHUs MUKPOSIEP W BBICOKMIA
WHAEKC TIPU WHAYKIWY UKIo(GochaMuIoM, a TaKxKe
MPOLIEHT JPUTPOLIUTOB C MUKPOSIPAMU B KOCTHOM
MO3Te M MHIEKC HUTOTOKCUIHOCTH. [ToydeHHbIe pe-
3yJIbTaThl TO3BOJISIIOT OMpPENeUTh HauboJjee Moaxo-
NIMe JMHUKU KPbIC B KaueCcTBE MOJEJbHBIX XKU-
BOTHBIX JUIST M3YYEeHUST TEHOTOKCMYHOCTU. DTO TaKXke
MO3BOJIUT MOJIyyaTh 00Jiee TOYHbIE OLIEHKU T'€HOTOK-
CUYHOCTU Pa3IMYHBIX BEIIECTB.
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Y.E. Suarez-Fernandez, A. Vidal-Novoa

[MOPIBHAHHA YACTOTU MIKPOALEP
B KIITUHAX KICTKOBOI'O MO3KY
TPHOX JIIHIN LYPIB

[NopiBHIOBaIM CIOHTAaHHI Ta iHAYKOBaHi IMKJIO-
(bocdhaminom MiKposimepHi iHOAEKCH B KJIITMHAX KiCT-
KOBOTO MO3KY TpbOX JIiHiii 1rypiB — Sprague Daw-
ley, Jloic i Bucrap. ChopmyBanu 1m’sTh eKcnepu-
MeHTanbHuX Tpyn (o 10 TBapuH KOXHOI cTaTti i
JIiHIT B KoxHi# Tpymi). [lepmry rpyry BUKOpUCTaIN
SIK HETaTUBHUI KOHTPOJIb (IHTAKTHI TBapUHWU), Apyra
CyryBajia KOHTPOJIEM BIUIMBY MEPOPaIbHOTO TMpPU-
iloMy mpemnapartiB. Bci yMoBM yTpumaHHsSI Oyau omHa-
KoBUMU it Beix rpyn TBapuH. LypiB TpeThoi rpynu
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00pobnsmu 2 % Tween 65, a yeTBepToi Ipynmu —
0,9 % NaCl. O6unBi peuoOBUHU BBOIWIU TEPOPATLHO
B 103i 2 MJI/KT BNIponoBX 14 mHiB. TBapuH 1’01 TPy
00pOoOJISIIM BHYTPILIHBOYEPEBHO LIMKIOGochaMizom
B m03i 50 mr/kr (10 Mu1/KT po3unHy), 3a 48 i 24 ron no
eBTaHasii. Jlinig Sprague Dawley (oOuaBi crati) icTOT-
HO Bigpi3Hsutach Bin iHmmx. Illypm miei minii mamm
HU3bKi TMOKA3HMKM CIIOHTAHHOTIO YTBOPEHHS MIKpO-
aaep i BMCOKMII iHAEKC IIpU IHAYKUIl LMKI0(dOC-
¢damimoMm, a TaKOX BiICOTOK €PUTPOLIUTIB 3 MiKpO-
sgapaMy B KICTKOBOMY MO3Ky Ta IHAEKC ILIMTOTOK-
cuyHocTi. OTpuMaHi pe3yJbTaTu I03BOJISIOTh BU3HA-
YATA HANOLIBII BiNMOBIOHI JIiHII LIYpiB SIK MOIEIbLHUX
TBapUH [JI1 BUBYEHHSI T€HOTOKCUYHOCTI. lle Takox
JIO3BOJIUTH OTPUMYBATH TOYHIIIN OLIIHKY T€HOTOKCUY-
HOCTIi Pi3HUX PEYOBUH.
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