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A new specimen preparation method named ``cell
suspension method'' for in vivo micronucleus test is
proposed. Generally, a specimen of the micronucleus test
is prepared by smearing the sample cells on a slide glass
before staining with Giemsa or acridine orange (A.O.). In
this new method, the sample cells are suspended with
formalin, and stained with A.O., then put on a slide glass
and examined under a microscope without smearing. This
method is more convenient than the conventional method
in consideration of preparation and observation of speci-
mens. Furthermore, preparation is repeatable after the
observation in this method, the specimen is suitable for a
long storage, and this method is applicable to specimen
preparation using peripheral blood.

Key words: micronucleus test, acridine orange, smeared
method, cell suspension method, bone marrow, peripheral
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Introduction
The in vivo micronucleus (MN) test has been widely

used as a cytogenetic test to detect environmental
mutagen chemicals. May-Gr äunwald Giemsa staining (1)
or Giemsa single staining (2) has been routinely used for
the MN test. The Giemsa methods, however, have some
disadvantages that not only the MN but also intracellu-
lar materials containing RNA and other acidic materials
stain dark blue by Giemsa, and it is often di‹cult to
identify the MN. Acridine orange (A.O., 494-38-2) is
metachromatic to acid polysaccharides and emits green
‰uoresces ˆrst and bright red ‰uorescence (3–5) later.
With A.O., MN emits a yellowish-green ‰uorescence,
polychromatic erythrocytes (PCEs) red ‰uorescence,
and normochromatic erythrocytes (NCEs) almost no
‰uorescence or only dim outline (6). The staining char-
acteristics of MN, PCEs, and NCEs are more distinctive
with A.O. than with Giemsa, and resulted a more rapid
and accurate count of micronucleated polychromatic
erythrocytes (MNPCEs).

In this new method named ``cell suspension method,''

the cells obtained from bone marrow or peripheral
blood are suspended with formalin, mixed and stained
with A.O. upon observation, then, put on a slide glass
and examined under a ‰uorescence microscope. This
method is applicable to the cells obtained from both
bone marrow and peripheral blood, and recommended
as a simple, stable, and reliable method compared with
the conventional methods.

Material and Methods
Chemical: Cyclophosphamide monohydrate (ab-

breviation: CP, CASRN 6055-19-2) obtained from
Sigma-Aldrich Corporation (St. Louis, U.S.A.), was
dissolved in water for injection just before use. Water
for injection and 2 mg/mL CP solution were used for
the dosing formulation of negative and positive con-
trols, respectively.

Animals: Seven-week-old male Crl:CD(SD) rats
(Charles River Laboratories Japan, Inc., Yokohama,
Japan) and BrlHan:WIST＠Jcl(GALAS) rats (CLEA
Japan Inc., Tokyo, Japan) were purchased and accli-
mated for 1 week. They were given commercial pellets
and tap water ad libitum throughout the acclimatization
and experimental periods and were subjected to a 12 h
light/dark cycle. They were 8 weeks old at the start of
the study. All procedures to be carried out on live
animals were subject to the provisions of the Committee
for Ethics in Animal Studies in the testing facility.

MN test: Bone marrow and peripheral blood MN
test were performed simultaneously in the same animals
by the double dosing regimen. Water for injection for
Crl:CD(SD) rats or 0.5 w/vz Hydroxypropylmethyl-
cellulose (0.5z HPMC) for BrlHan:WIST＠Jcl
(GALAS) rats, and CP at 20 mg/kg/day were adminis-
trated orally twice, 24 h apart to 5 male rats. Bone
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Fig. 1. The specimens of bone marrow cells using Crl:CD(SD) rats
24 h after the ˆnal dosing at 20 mg/kg cycrophosphamide monohy-
drate by cell suspension method (A) and conventional smeared
method (B). Cell specimens were observed under a ‰uorescence micro-
scope with B excitation ˆlter. There are MNs in this ˆeld (arrows).
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marrow and peripheral blood were collected, 24 h after
the ˆnal dosing. The peripheral blood for cell suspen-
sion method was mixed with 10z neutral buŠered
formalin solution (Muto Pure Chemicals Co., Ltd.,
Tokyo, Japan). The ratio of the peripheral blood to
10z neutral buŠered formalin solution was approxi-
mately 1: 2–3. The peripheral blood was mixed to avoid
congealment, and stored at room temperature. The
peripheral blood for another method for comparison
(called conventional smeared method) was smeared to a
clean slide directly and ˆxed with methanol. The bone
marrow cells were collected by washing the cavity of
femur with approximately 0.5 mL of phosphate
buŠered saline (available substitute for 10z neutral
buŠered formalin, handled appropriately to avoid
droplet of formalin) for the cell suspension method. The
cell suspension was mixed with approximately 0.5 mL
of 10z neutral buŠered formalin and then left for 5
min. The supernatant was further mixed with approxi-
mately 1 mL of 10z neutral buŠered formalin and
centrifuged at 1000 rpm (approximately 170×g) for 5
min. The supernatant was discarded, and the precipitate
was suspended again in a small amount of 10z neutral
buŠered formalin. The resulting bone marrow cell
suspension was stored at room temperature. The bone
marrow cells were collected by washing the cavity of the
other femur with approximately 0.5 mL of fetal bovine
serum (Invitrogen Co., California, USA) for the
conventional smeared method, and smeared to a clean
slide directly and ˆxed with the methanol. The cell
suspension for the cell suspension method was mixed
and stained with equal volumes of 0.05 w/vz aqueous
solution of acridine orange (A.O.) (Wako Pure
Chemical Industries, Osaka, Japan) just before the
microscopic observation, and 10 mL of the stained cell
suspension was dropped on the middle of a cover slide.
The specimen was prepared by covering the cover glass
of the stained cell suspension with a slide glass, and the
specimen was turned and pressed slightly with paper to
remove excess ‰uid, then it was observed after the stain
conditions of the slide and dispersion of the cells were
conˆrmed. The conventional smeared method was also
stained with 0.05 w/vz A.O. just before observation.

Observation of specimens: Cell specimens were
observed under a ‰uorescence microscope with B
excitation ˆlter. In use of erythrocytes in bone marrow,
1000 erythrocytes (500 cells per area×2 areas of view),
including both PCEs and NCEs each animal were
examined to determine the ratio of PCEs among the
total erythrocytes. A total of 2000 PCEs in 2 areas of
view under the microscope (1000 PCEs per area) were
examined for the number of MNPCEs. MN in the
cytoplasm and the types of erythrocytes (PCEs or
NCEs) were identiˆed in accordance with the methods
of Hayashi et al. (3). In use of erythrocytes in peripheral

blood, 1000 erythrocytes (500 cells per area×2 areas of
view), including reticulocyte (RETs) and NCEs, each
animal was examined to determine the ratio of RETs
among the total erythrocytes. A total of 2000 RETs in 2
areas of view under the microscope (1000 RETs per
area) were examined for the number of micronucleated
cells (MNRETs). Micronuclei (MNs) in the cytoplasm
and the types of erythrocytes (RETs or NCEs) were also
identiˆed in accordance with the methods of Hayashi
et al. (3). Granules with yellowish-green ‰uorescence in
the cytoplasm were recognized as MNs. Erythrocytes
with red ‰uorescence in the cytoplasm were recognized
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Fig. 2. Results of MN test using Crl:CD(SD) rat bone mallow cells.
Water for injection or 20 mg/kg/day CP was administrated orally
twice in 24 h apart to 5 male rats. Bone marrow was collected 24 h
after the ˆnal dosing, and prepared the specimen by cell suspension
method or conventional smeared method. The specimen was observed
and the frequency of MNPCEs (A) and PCEs percentage among total
erythrocytes (B) were calculated.

: Cell suspension method
: Conventional smeared method

Fig. 3. Results of MN test using Crl:CD(SD) rat peripheral blood.
Water for injection or 20 mg/kg/day CP was administrated orally
twice in 24 h apart to 5 male rats. Peripheral blood was collected 24 h
after the ˆnal dosing, and prepared the specimen by cell suspension
method or conventional smeared method. The specimen was observed
and the frequency of MNRETs (A) and RETs percentage among total
erythrocytes (B) were calculated.

: Cell suspension method
: Conventional smeared method
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as PCEs in bone marrow or RETs in peripheral blood,
and erythrocytes without any ‰uorescence in the
cytoplasm were recognized as NCEs.

Statistical analysis: Student's t test was applied as
a statistical analysis to compare incidence of MNPCEs
(MNRETs) and percentage of PCEs (RETs) in the cell
suspension method with the conventional smeared
method (two-tailed signiˆcance levels: 5z and 1z).

Results
Staining patterns: To determine validity of the cell

suspension method comparing to the conventional
smeared method, CP as a reliable positive control, and
water for injection or 0.5z HPMC as a negative control
were orally administered to Crl:CD(SD) and BrlHan:
WIST＠Jcl(GALAS) rats twice in 2 days. The bone
marrow and peripheral blood were obtained from the
rats and prepared into specimens after 24 h of the 2nd

administration, which is the time period known to in-
duce the positive result with CP. Fig. 1 shows typical
microscopic images of the cell suspension method and
the conventional smeared method. No signiˆcant
diŠerence was observed in conˆguration of the speci-
mens. Cytoplasm of PCEs and RETs of the convention-
al smeared method stained in orange-red was slightly
clearer in contrast, however, there was no diŠerence for
the determination of the MNPCEs or PCEs comparing
to the cell suspension method. The microscopic image
of the cell suspension method was appropriate and it
was comparable to the specimen of the conventional
smeared method.

MN test using Crl:CD(SD) rats: The Crl:CD strain
is commonly used in MN tests and other toxicity tests
using rats. In bone marrow of Crl:CD(SD) rats, the inci-
dences of MN in the positive and negative controls were
almost comparable between the cell suspension method
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Fig. 4. Results of MN test using BrlHan:WIST＠Jcl(GALAS) rat
bone mallow cells. 0.5z HPMC or 20 mg/kg/day CP was adminis-
trated orally twice in 24 h apart to 5 male rats. Bone marrow was col-
lected 24 h after the ˆnal dosing, and prepared the specimen by cell
suspension method or conventional smeared method. The specimen
was observed and the frequency of MNPCEs (A) and PCEs percen-
tage among total erythrocytes (B) were calculated. **Signiˆcantly
diŠerent from cell suspension method: pº0.01 by student's t test

: Cell suspension method
: Conventional smeared method

Fig. 5. Results of MN test using BrlHan:WIST＠Jcl(GALAS) rat
peripheral blood. 0.5z HPMC or 20 mg/kg/day CP was administrat-
ed orally twice in 24 h apart to 5 male rats. Peripheral blood was col-
lected 24 h after the ˆnal dosing, and prepared the specimen by cell
suspension method or conventional smeared method. The specimen
was observed and the frequency of MNRETs (A) and RETs percen-
tage among total erythrocytes (B) were calculated. *Signiˆcantly
diŠerent from cell suspension method: pº0.05 by student's t test

: Cell suspension method
: Conventional smeared method
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and the conventional smeared method, and no sig-
niˆcant diŠerence was observed. No signiˆcant diŠer-
ence in PCEs ratio was observed in the positive or
negative control between the either methods (Fig. 2).
Furthermore, in peripheral blood, there was no sig-
niˆcant diŠerence in any of the incidence of MN or
RETs ratio between the either methods (Fig. 3).

MN test using BrlHan:WIST＠Jcl(GALAS) rats:
The BrlHan:WIST＠Jcl strain has recently been investi-
gated for its usefulness and convenience in toxicity tests
using rats. Thus, this strain is expected to be used in
the toxicity ˆelds in the future. In bone marrow of
BrlHan:WIST＠Jcl(GALAS) rats, incidence of MN and
PCEs ratio in the negative controls were comparable
between the cell suspension method and the convention-
al smeared method, and there was no signiˆcant diŠer-
ence observed. However, in the positive control group,
the appearance incidence of MN and PCEs ratio using
the conventional smeared method were signiˆcantly

lower than the cell suspension method (Fig. 4).
In peripheral blood, the result of the negative control

was almost comparable in MN and RETs ratios and
there was no signiˆcant diŠerence. However, in the
positive control, RETs ratio of the conventional
smeared method was signiˆcantly lower than the cell
suspension method (Fig. 5). In addition, although it was
not statistically signiˆcant, the incidence of MN and
PCEs/RETs ratio of the conventional smeared method
was lower than the cell suspension method in both
Crl:CD(SD) and BrlHan:WIST＠Jcl(GALAS) rats.

Background data: We have been using the cell
suspension method, and retained historical data con-
cerning the negative controls regarding bone marrow
cells of rats and bone marrow cells and peripheral blood
of ICR mice (Table 1). These data are stable with very
minor variations, and comparable to the studies con-
ducted with the conventional smeared method (7–9).
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Discussion
The specimen for in vivo MN test with bone marrow

cells are commonly prepared smearing the sample
before staining with Giemsa or A.O. However, due to
the fact that the smear samples are inappropriate for a
long-term preservation, re-preparation is di‹cult after
the microscopic test, and preparation of adequate
sample requires certain skills, a simple and reliable new
method has been sought after.

According to the result of in vivo MN test using bone
marrow cells, the conventional smeared method and the
cell suspension method showed comparable results in
both negative and positive control groups, and it was
conˆrmed that the diŠerence of the preparation method
did not aŠect the results. In addition, our historical data
obtained in MN tests using bone marrow cell of ICR
mice and Crl:CD(SD) rats show steady and reliable
results. Furthermore, when compared to the studies
conducted with the conventional smeared method, the
results are approximately equivalent. Therefore, the
MN test with the specimen observation prepared by the
cell suspension method was considered as an adequate
alternative the conventional smeared method.

Moreover, this method is applicable to the MN test
using peripheral blood. The results of these methods
were almost same in both negative and positive controls,
and it was conˆrmed that the diŠerence of specimen
preparation method did not aŠect the test results.

Generally, mice had been used widely in MN tests,
but so as to share the information with the other toxicity
studies, and to perform toxicokinetic study for exposure
proof, the MN test using rats has been increased (10).
However, there are still some disadvantages in MN test
using rats. One of the concerns when peripheral blood
was used for the test is elimination of MN erythrocyte in
the spleen. In fact, in the positive group of this study,
incidence of MNPCE was higher in the bone marrow
sample than in peripheral blood sample. There is a study
with rats reporting that colchicine, which induced posi-
tive result in the bone marrow sample, was negative in
the peripheral blood sample (7). Therefore, it is consi-
dered appropriate to use bone marrow cells at using rats
in MN test.

However, bone marrow cells of rats often show MN-
like structure by mast-cell granules (11), and identifying
them is very di‹cult in the Giemsa stained specimens,
therefore staining with A.O. has been suggested.
Preparing A.O. staining specimen is easier in the cell
suspension method, and if the preparation of a slide
glass specimen failed, it is possible to re-prepare.

Regarding the preservation, since the specimen is
preserved in formalin, as long as it is not dried, it is
possible to preserve it for more than half a year. The cell
suspension method is applicable to the MN test using
peripheral blood, and it is recommended as a simple and
accurate method for the MN test.
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