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a b s t r a c t

Isatin (1H-indole-2,3-dione) is a synthetically versatile substrate used for the synthesis of heterocyclic
compounds and as a raw material for drug synthesis. Isatin and its derivatives demonstrate anticon-
vulsant, antibacterial, antifungal, antiviral, and anticancer properties. We evaluated the genotoxic and
mutagenic effects of acute (24 h) and repeated (14 d) exposure to isatin in vivo, using the comet assay
and the micronucleus test. Three doses (50, 100, and 150 mg/kg b.w.) were administered to mice via gav-
age. Doses were selected according to the LD50 of isatin, estimated in a preliminary test to be 1 g/kg b.w.
satin
ice
icronucleus test

omet assay

To evaluate the results, parametric (ANOVA/Tukey) and non-parametric (Kruskal–Wallis/Dunn’s post
hoc test) tests were used, according to the nature of the data distribution. At all doses (50, 100 and
150 mg/kg b.w.), after acute treatment with isatin, alterations in DNA migration (comet assay) were
not observed and mutagenic effects were not seen (micronucleus test on peripheral blood cells). After
repeated doses, only the highest dose of isatin (150 mg/kg b.w.) induced alterations in the DNA that gave
rise to micronuclei in the bone marrow and peripheral blood cells of the mice. Our results show that the

effec
mutagenic and genotoxic

. Introduction

Natural products, including medicinal plants, have an important
ole in the discovery of novel compounds for drug development [1],
specially in developing countries [2]. However, medicinal plants
ay be consumed with little or no evidence of pharmacological

roperties. Many medicinal plants have substances that are poten-
ially antagonistic to secondary metabolites; for this reason, they
hould be used with caution and with an appreciation of their tox-
cological risks [3].

Alkaloids are of great interest in medicine and are among
he best-characterized secondary metabolites in pharmaceutical
hemistry [4,5]. Isatin (1H-indole-2,3-dione) was discovered by
rdmann and Laurent in 1840 as a product of the oxidation of indigo
ith nitric and chromic acids [6]; it is a synthetically versatile sub-

trate used for the synthesis of a variety of heterocyclic compounds,
uch as indoles and quinolines, and as a raw material for drug

ynthesis. Silva et al. [6] and Vine et al. [7] reported that isatin is
ound in plants of the Isatis genus, Couroupita guianensis Aubl. and
alanthe discolor Lindl., and is secreted from the parotid gland of
ufo frogs. Various derivatives of isatin have also been identified in

∗ Corresponding author. Tel.: +55 43 33714608; fax: +55 43 33714191.
E-mail address: pry ufms@yahoo.com.br (P.d.M. Cândido-Bacani).
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plants, for example, the melosatin alkaloids (methoxy phenylpentyl
isatins) obtained from the Caribbean tumorigenic plant Melochia
tomentosa, fungi, and marine mollusks.

Isatin and its derivatives demonstrate diverse biological and
pharmacological activities, including anticonvulsant, antineoplas-
tic, antimicrobial and antiviral properties [6]. A recent review of
isatin focused on its cytotoxic and anticancer properties [7]. How-
ever, in vivo studies of the genotoxic and mutagenic potential of
isatin are lacking. The aim of our work was to evaluate, using the
comet assay and the micronucleus test, the genotoxic and muta-
genic potentials of isatin, administered to mice in acute or repeated
doses.

2. Materials and methods

2.1. Test compound

Isatin P.A. (≥99.0%) was purchased from Fluka (CAS: 91-56-5) and diluted in
distilled water. The LD50 of isatin (1 g/kg b.w.) was estimated using the acute oral
toxicity test, according to OECD protocols [8]. The doses selected for the genotoxi-
city and mutagenicity tests (50, 100, and 150 mg/kg b.w.) correspond to 5, 10, and

15% of the estimated LD50. For each treatment, isatin was administered by gav-
age to groups of eight animals. These doses are similar to doses of isatin or its
derivatives that have been used in animal models to investigate biological activities,
such as anticonvulsant effects (30–200 mg/kg b.w.) [9–11], anxiogenic and seda-
tive effects (10–300 mg/kg b.w.) [12,13], activity against Ehrlich’s ascites carcinoma
(50 mg/kg b.w.) [14], and amelioration of Parkinson’s disease (100 mg/kg b.w.) [15].

dx.doi.org/10.1016/j.mrgentox.2010.11.006
http://www.sciencedirect.com/science/journal/13835718
http://www.elsevier.com/locate/gentox
http://www.elsevier.com/locate/mutres
mailto:pry_ufms@yahoo.com.br
dx.doi.org/10.1016/j.mrgentox.2010.11.006
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.2. Positive control chemical

Cyclophosphamide (CP: CAS:50-18-0) an alkylating agent that induces chromo-
omal damage in bone marrow and peripheral blood cells [16], was purchased from
igma Chemical Co. (St. Louis, MO), diluted in distilled water, and used as a positive
ontrol.

.3. Animals

Male and female albino Swiss mice (Mus musculus), 7–8 wk old and ∼30 g at the
eginning of the experiments, were obtained from the breeding colonies of the State
niversity of Londrina (Paraná, Brazil) and housed individually in polypropylene
ages, with ad lib. access to food and water throughout the treatment period. All
xperiments were performed according to the standards of the Canadian Council on
nimal Care [17]. For the acute and repeated dose studies, two groups of 40 animals
ere used for each test.

.4. Experimental design

To investigate the genotoxic and mutagenic effects in mice after acute or
epeated exposure to isatin, mice were divided into groups of eight mice (four males
nd four females) for each treatment. Mice were treated with each solution of isatin,
.1 ml for every 10 g of body weight (b.w.), at three doses: 50, 100, or 150 mg/kg b.w.
fter the treatments, the animals were anesthetized and euthanized with a 1:1 mix-

ure of 2% xylazine HCl and 10% ketamine HCl. All animals were weighed at the
eginning and end of each treatment.

.4.1. Acute treatment
To assess the genotoxic and mutagenic effects of isatin, the animals were admin-

stered a single dose of one of the three concentrations, by gavage, for 24 h. The
egative control group received only water, by gavage, and the positive control
roup was treated with CP (50 mg/kg b.w.) intraperitoneally (i.p.) for 24 h.

For the peripheral blood cell micronucleus test, blood samples were obtained
rom the tail veins of mice, before gavage (T0) and 36 (T1), 48 (T2), and 72 (T3) h
ost-gavage. For the comet assay, tail vein blood leukocyte samples were obtained
(T1) and 24 h (T2) post-gavage, according to the protocols of the OECD [18] and

ice et al. [19], respectively.

.4.2. Repeated-dose treatment (14 d)
For the evaluation of the genotoxic, cytotoxic, and mutagenic effects of isatin,

he animals received, via gavage, the same doses of the drug used in the acute arm
f the study, but for 14 consecutive days. All doses were administered daily, at 24 h
ntervals. The negative control group received drinking water daily for two weeks,
ia gavage; the positive control group was treated with CP (50 mg/kg b.w., i.p.) on
ay 14. CP was administered in a single dose. According to Anderson et al. [16], OECD
18], and Hayashi et al. [20], mouse bone marrow cells and peripheral lymphocytes
ave similar sensitivity in acute and chronic exposure (28 d) to CP, and it is accept-
ble that the positive control be administered by a route different from that of the
est substance, and sampled at an appropriate time after a single treatment.

For the micronucleus test of bone marrow cells, the animals were euthanized
4 h after the last treatment. For the comet and micronucleus analyses of periph-
ral blood cells, samples of blood were obtained 4 and 36 h, respectively, after the
ast treatment, according to the protocols of Tice et al. [19] and the OECD [18],
espectively.

Appropriate statistical tests were used for each assay. The linear-trend test was
arried out by analysis of the mean values obtained from three assays: comet assay
score and damaged cells), MNPCEs, and MNRETs.

.5. Bone marrow micronucleus test

The micronucleus test was performed using the method of Schmid [21], with
ome modifications. Animals were euthanized 24 h after treatment; both femurs
ere immediately removed and the bones were freed from the muscles. The epi-
hyses were cut and the bone marrow was flushed with fetal calf serum (Gibco).
he cell suspension was centrifuged at 900 rpm for 10 min and the supernatant was
iscarded. A small drop of the resuspended cell pellet was spread onto a clean glass
lide, which was air-dried and fixed in absolute methanol for 10 min. The smears
ere stained with Leishman’s eosin blue for detection of micronucleated poly-

hromatic erythrocytes (MNPCE). For each animal, three slides were prepared, and
000 polychromatic erythrocytes (PCE) were counted to determine the frequency of

NPCE. To evaluate bone marrow toxicity, the ratio of PCE/PCE + NCE (normochro-
atic erythrocytes) was calculated by counting a total of 200 erythrocytes on these

lides.
According to the Bartlett test, the data were not homogeneous with regard to

ariance, so the Kruskal–Wallis test, followed by Dunn’s post hoc test, was used to
nalyze the results.
n Research 719 (2011) 47–51

2.6. Micronucleus test of peripheral blood cells

The micronucleus test on peripheral blood cells was performed as described by
Hayashi et al. [22], who used slides pre-stained with acridine orange (CAS: 494-38-
2). Glass slides were heated to 70 ◦C on a hot-plate, and an aqueous solution of the
dye (10 �L, 1 mg/mL) was placed on each slide and spread evenly over the surface
with the end of a second well-cleaned slide. After drying, the slides were kept in the
dark at room temperature for at least 24 h.

An internal control was established for each animal by preparing a test slide with
a drop of blood taken from its tail before the first treatment (T0). After treatment,
blood (5 �L) was sampled by perforating the tail vein of the mouse with a needle.
The blood sample was placed at the center of a pre-stained slide and covered with
a coverslip (24 mm × 60 mm). These slides were then kept in the dark at −20 ◦C for
a minimum of 24 h before cytological examination of the blood cells.

The cell preparations were examined under a fluorescence microscope (Nikon)
with a blue (488 nm) excitation filter and yellow (515 nm) emission (barrier) filter
and using an immersion objective. Reticulocytes (1000 per treated animal) were
analyzed and the proportion of micronucleated cells was determined.

To compare the results, parametric (ANOVA/Tukey) or non-parametric tests
(Kruskal–Wallis/Dunn’s post hoc) were used, according to the nature of the data
distribution.

2.7. Comet assay

The alkaline version of the comet assay was performed as described by Singh
et al. [23], with slight modifications [24]. Four and 24 four h after the treatments,
a sample (20 �l) of heparinized peripheral blood leukocytes was mixed with 0.5%
low-melting-temperature agarose (120 �l) in phosphate-buffered saline (PBS) and
applied to microscope slides pre-coated with 1.5% agarose in PBS. The slides were
covered with a coverslip and refrigerated for 5 min. After the gel had solidified,
the slides were immersed in ice-cold alkaline lysing solution (2.5 M NaCl, 10 mM
tris, 100 mM EDTA, 10% dimethyl sulfoxide and 1% triton X-100, pH 10.0) for at
least 1 h. The slides were then incubated for 20 min in ice-cold electrophoresis solu-
tion (0.3 M NaOH, 1 mM EDTA, pH 13), followed by electrophoresis at 25 V:300 mA
(1.25 V/cm) for 20 min [25]. All of the above steps (preparation of slides, lysis and
electrophoresis) were conducted without direct light exposure, to prevent addi-
tional DNA damage. After electrophoresis, the slides were neutralized (0.4 M tris, pH
7.5) and stained with ethidium bromide (20 �g/mL). One hundred cells per animal
(two slides, 50 cells each) were analyzed under a fluorescence microscope (Nikon-
Brasil) with a blue (488 nm) excitation filter and yellow (515 nm) emission (barrier)
filter.

DNA damage was quantified by visual scoring, and the cells were placed into
four classes according to tail size, between class 0 (undamaged cells) and maximum
comet length (class 3) [26]. The frequency of damaged cells (DCs) was calculated
as the sum of the number of undamaged cells (class 0) and DCs (classes 1, 2 and
3) divided by the total number of cells analyzed. A total score for 100 nucleoids
was obtained by multiplying the number of cells in each class by the damage
class, according to the formula modified from Manoharan and Banerjee [27]: total
score = (0 × n0) + (1 × n1) + (2 × n2) + (3 × n3), where n = the number of cells analyzed
in each class. Thus, the total score ranged from 0 (100 undamaged cells) to 300 (all
cells presenting damage class 3).

To compare the results, parametric (ANOVA/Tukey) and non-parametric
(Kruskal–Wallis/Dunn’s post hoc) tests were used, according to the nature of the
data distribution.

3. Results

No significant differences were observed between results for
males and females (Students’ t-test); consequently, data for both
sexes were combined (Tables 1–5).

3.1. Acute tests

In the comet assay, the DNA lesions observed 4 and 24 h after
acute treatment with isatin were not statistically significant from
the negative control group (Table 1). For all doses (50, 100, and
150 mg/kg b.w.) and times of evaluation (36, 48, and 72 h), no
significant (P < 0.05) increases in peripheral blood cell micronu-
cleus frequency were seen, compared to the negative control group
(Table 2).
3.2. Repeated doses tests (14 days)

Variance analysis showed no significant (P < 0.05) differences
among the median body weights of the groups of mice treated with
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Table 1
Detection of DNA damage in 100 cells per mouse (n = 8 mice per group) after acute treatment with three different concentrations of isatin. The blood leukocytes samples
were obtained 4 and 24 h after exposure to water, cyclophosphamide (CPA) and isatin.

Exposure time (h) Treatments (mg/kg b.w.) Levels of damage Score (mean ± SD) Frequency of
DC (mean ± SD)

0 1 2 3

4

Water 93.6 ± 2.06 6.37 ± 2.06 0.00 ± 0.00 0.00 ± 0.00 6.37 ± 2.20a 0.06 ± 0.02a

CPA 50 45.2 ± 2.62 34.4 ± 3.42 16.6 ± 2.39 3.75 ± 0.66 78.9 ± 5.05b 0.53 ± 0.06b

Isatin
50 91.4 ± 2.73 8.62 ± 2.73 0.00 ± 0.00 0.00 ± 0.00 8.62 ± 2.92a 0.09 ± 0.03a

100 89.5 ± 2.60 10.0 ± 2.34 0.50 ± 0.50 0.00 ± 0.00 11.0 ± 3.12a 0.10 ± 0.03a

150 89.5 ± 3.53 9.62 ± 2.87 0.87 ± 0.78 0.00 ± 0.00 11.4 ± 4.53a 0.10 ± 0.04a

24

Water 93.4 ± 1.93 6.62 ± 1.93 0.00 ± 0.00 0.00 ± 0.00 6.62 ± 2.06a 0.07 ± 0.02a

CPA 50 32.4 ± 3.15 42.0 ± 4.61 20.5 ± 3.43 5.12 ± 1.16 97.6 ± 5.18b 0.67 ± 0.03b

Isatin
50 93.4 ± 1.65 6.62 ± 1.65 0.00 ± 0.00 0.00 ± 0.00 6.62 ± 1.77a 0.07 ± 0.02a

100 91.4 ± 2.50 7.87 ± 2.03 0.75 ± 0.66 0.00 ± 0.00 9.37 ± 3.25a 0.09 ± 0.03a

150 90.5 ± 2.69 9.00 ± 2.40 0.50 ± 0.50 0.00 ± 0.00 9.87 ± 3.14a 0.09 ± 0.03a

Mean ± SD: mean ± standard deviation; water: negative control; CPA: positive control. DC: damaged cells.
Means with the same letter do not differ statistically (P < 0.05).

Table 2
The frequency of micronucleated reticulocytes (MNRETs) in a total of 1000 analyzed cells per mouse (n = 8 mice per group) to evaluate the mutagenicity of acute treatments
of three different doses of isatin and the positive and negative control groups.

Treatments
(mg/kg b.w.)

T0 (0 h) T1 (36 h) T2 (48 h) T3 (72 h)

MNRETs Mean ± SD/animal MNRETs Mean ± SD/animal MNRETs Mean ± SD/animal MNRETs Mean ± SD/
animal

Water 21 2.6 ± 0.52 15 1.9 ± 0.64a 17 2.1 ± 0.64a 19 2.1 ± 0.83a

CPA
50 15 1.9 ± 0.64 180 22.5 ± 2,07b 107 13,4 ± 1,68b 41 5.1 ± 1.64b

Isatin
50 17 2.1 ± 0.83 13 1.6 ± 0.92a 14 1.7 ± 0.46a 14 1.7 ± 0.70a

100 13 1.6 ± 0.74 15 1.9 ± 0.64a 16 2.0 ± 0.75a 14 1.7 ± 0.89a

150 13 1.6 ± 0.74 27 3.4 ± 1.19a 13 1.6 ± 0.74a 11 1.4 ± 0.74a

Mean ± SD: mean ± standard deviation; water: negative control; cyclophosphamide (CPA): positive control.
Means with the same letter do not differ statistically (P < 0.05).

Table 3
Detection of DNA damage in 100 cells per mouse (n = 8 mice per group) after repeated doses treatment (14 days) of three different concentrations of isatin. The blood
leukocytes samples were obtained 4 h after the last treatment.

Treatments
(mg/kg b.w.)

Levels of damage Score (mean ± SD) Frequency of DC
(mean ± SD)

0 1 2 3

Water 91.1 ± 2.20 8.87 ± 2.20 0.00 ± 0.00 0.00 ± 0.00 8.87 ± 2.36a 0.09 ± 0.02a

CPA
50 24.5 ± 5.15 55.7 ± 3.53 15.1 ± 2.26 4.62 ± 1.41 99.9 ± 7.85b 0.75 ± 0.05b

Isatin
50 89.6 ± 2.17 8.62 ± 1.93 1.75 ± 0.97 0.00 ± 0.00 12.12 ± 2.95a 0.10 ± 0.02a

100 84.5 ± 2.18 13.12 ± 1.45 2.25 ± 1.09 0.00 ± 0.00 17.62 ± 3.42a,c 0.15 ± 0.02a,c

0.00 ± 0.00 31.62 ± 2.33b,c 0.29 ± 0.02b,c

M rol. DC: damaged cells.
M
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Table 4
The frequency of micronucleated polychromatic erythrocytes (MNPCEs) in a total of
2000 analyzed cells per mouse (n = 8 mice per group) to evaluate the mutagenicity
of repeated doses (14 days) of three different concentrations of isatin. The blood
samples were obtained 24 h after the last treatment.

Treatments
(mg/kg b.w.)

MNPCEs Mean ± SD PCEs/PCEs + NCEs
(mean ± SD)

Water 34 4.2 ± 2.12a 0.761 ± 0.04
CPA

50 341 42.6 ± 6.02b 0.771 ± 0.02
Isatin

50 80 10.0 ± 2.14a,c 0.747 ± 0.03
150 71.9 ± 3.82 26.6 ± 2.82 2.50 ± 1.00

ean ± SD: mean ± standard deviation; water: negative control; CPA: positive cont
eans with the same letter do not differ statistically (P < 0.05).

satin vs the negative control group, during the repeated doses tests
data not shown). Table 3 shows the results of the comet assay for
satin. Only the highest dose tested (150 mg/kg b.w.) induced DNA
amage at a level statistically significantly different from the nega-
ive control (genotoxic activity). Most of the cells were class 1, with
few class 2 and no class 3 cells.

The micronucleus tests in bone marrow and peripheral blood
howed that only the 150 mg/kg b.w. dose of isatin resulted in sig-
ificantly higher frequencies of micronucleated cells compared to
he negative control (Tables 4 and 5).

To evaluate the cytotoxicity of this substance in the repeated-

ose treatment, the PCE/NCE ratio was calculated. Cytotoxic effects

n mice bone marrow cells were not seen, even at higher doses of
satin or in the positive controls (Table 4). The two lower doses
id not induce statistically-significant increases in the frequencies

100 81 10.1 ± 1.25a,c 0.742 ± 0.02
150 128 16.0 ± 1.93b,c 0.755 ± 0.02

Mean ± SD: mean ± standard deviation; water: negative control; cyclophosphamide
(CPA): positive control.
Means with the same letter do not differ statistically (P < 0.05).
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Table 5
The frequency of micronucleated reticulocytes (MNRETs) in a total of 1000 analyzed
cells per mouse (n = 8 mice per group) to evaluate the mutagenicity of repeated
doses (14 days) of three different concentrations of isatin. The blood samples were
obtained before treatment (0 h) and 36 h after the last treatment.

Treatments
(mg/kg b.w.)

T0 (0 h) T1 (36 h)

MNRETs Mean ± SD MNRETs Mean ± SD

Water 13 1.6 ± 0.74 9 1.1 ± 0.99a

CPA
50 11 1.4 ± 0.92 193 24.1 ± 1.13b

Isatin
50 8 1.0 ± 0.53 10 1.2 ± 0.46a

100 14 1.7 ± 0.89 18 2.2 ± 0.89a

150 12 1.5 ± 0.75 26 3.2 ± 0.71c
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ean ± SD: mean ± standard deviation; water: negative control; cyclophosphamide
CPA): positive control.

eans with the same letter do not differ statistically (P < 0.05).

f scores, damaged cells, MNPCEs, or MNRETs. Nevertheless, we
bserved a dose-dependent increasing trend in the mean values of
hese parameters. Indeed, the linear-trend test confirmed the pres-
nce of dose–response trends in the comet assay (score: F = 277.2;
< 0.0001); damaged cells (F = 422.5; P < 0.0001); bone marrow cell
icronucleus (F = 140.4; P < 0.0001); and peripheral blood reticulo-

yte (F = 34.3; P < 0.0001) data sets.

. Discussion

The therapeutic use of natural products, including medicinal
lants, has become increasingly prevalent. Many pharmacognos-
ical and pharmacological investigations have been performed to
dentify lead compounds for drug development [1]. Evaluation
f the genotoxic/mutagenic potential of such agents is essential
28–30], and the comet assay and micronucleus test are effective
ests, in this context [19,31–34]. Metabolism, including detoxica-
ion, is an important characteristic of any substance being tested,
nd metabolic activation may be very different between in vivo and
n vitro experiments [35].

The mouse model has often been used for the micronucleus test
nd the comet assay [36,37]. Mice and humans have many similar
etabolic, biochemical, and physiological pathways [38,39]. We

lso chose to administer isatin by the same route of exposure that
umans would experience with the drug.

In the present study, no primary DNA damage was observed
ith the comet assay after acute (4 or 24 h) isatin, in agreement
ith the protocol suggested by Tice et al. [19]. The absence of
utagenic effects of this compound 36, 48, or 72 h after treatment
as also demonstrated via the micronucleus assay with peripheral

lood cells.
It has been suggested that alkaloids are potentially mutagenic,

ecause their therapeutic actions involve interactions with DNA
4,40–42]. This possibility was corroborated in the present study
nly when mice were submitted to the highest dose of isatin
150 mg/kg b.w.) for 14 consecutive days. The results obtained in
he micronucleus (RET and PCE) and comet assays clearly showed
hat isatin induced primary DNA damage, and breaks and/or loss of
ntire chromosomes, which gave rise to micronuclei in the treated
nimals.

Foureman et al. [43] demonstrated that isatin was mutagenic
n the sex-linked recessive lethal (SLRL) assay in male Drosophila

elanogaster germ cells. Nevertheless, no mutagenic effects of

satin were seen in the Ames test [44] at concentrations up to
�mol per plate or, with derivatives of isatin, by Bacchi et al. [45].

n our study, a mutagenic effect was observed only at the highest
satin dose tested (150 mg/kg b.w.).

[

[

n Research 719 (2011) 47–51

A mutagenic agent can weaken an animal by promoting cachexia
and weight loss. However, under our experimental conditions,
isatin did not affect mouse body weight. The cytotoxic effect of
isatin after repeated doses was determined by the PCE/NCE rela-
tionship in the micronucleus test with mouse bone marrow cells.
When a toxic agent affects the normal proliferation of bone marrow
cells, the number of immature erythrocytes (PCE) decreases relative
to mature erythrocytes (NCE) [46]. In our study, isatin did not affect
the proliferation of bone marrow cells. Nevertheless, isatin inhibits
the proliferation of several tumor cell lines in vitro [47–51]. Sathisha
et al. [14] also showed that bis-isatin thiocarbohydrazone metal
complexes showed good activity in an Ehrlich’s ascites carcinoma
model in Swiss albino mice.

The genotoxic and mutagenic effects observed after repeated
doses, but not after acute treatment, showed that induction of DNA
damage by isatin is dependent on both the dose and the dura-
tion of exposure. Because therapeutic treatments usually involve
repeated doses and extended time periods, use of elevated doses
of this compound may be hazardous. We hope that data presented
here will contribute to understanding of the potential application
of this alkaloid as a chemotherapeutic agent.
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