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Many tests have been done to ameliorate the side effects caused by doxorubicin (DXR) chemotherapy.
Croton cajucara is a plant that presents several biological beneficial properties. The aim of this study
was to verify whether C. cajucara methanolic extract (EMeOH) prevents the DXR-induced testicular
alterations and whether presents mutagenic or antimutagenic activities. Mice received DXR combined
or not with EMeOH (312.5, 625 or 1250 mg/Kg) for 5 weeks. The fertility index and the micronucleous
assay were realized in the male mice. The testes were removed and embedding in paraffin for the
stereological and morphometric analyses. There were significant reductions in all parameters analyzed
in the mice treated with DXR alone or with EMeOH. The plant extract doses evaluated presented no
mutagenicity, antimutagenic properties and reduction of the DNA damage. Thus, EMeOH did not
ameliorate the DXR-testicular damage, but the mutagenicity tests indicate a possible chemoprotective
action of this plant extract.
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tests.

INTRODUCTION

The chemotherapic doxorubicin (DXR), an anthracycline
antibiotic commonly used to treat a wide variety of
cancers (Quiles et al., 2002), is a highly toxic neoplasic
agent that interferes on the cellular division, due to its
feature of intercalating with DNA causing irreversible
lesion (Suter et al., 1997). The high frequency of cellular
divisions that occurs in the cells of the seminiferous
epithelium, makes the testis a highly vulnerable organ to
the chemotherapeutical drugs (Russel and Russel, 1991).
Moreover, several studies have reported alterations
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Abbreviations: DXR, doxorubicin; EMeOH, Croton cajucara
methanolic extract; DCTN, clerodane diterpene trans-
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induced by DXR, like reduction of testicular weight,
alterations in the germ cell lineage, as well as in the
spermatozoa production and morphology (Lu and
Meistrich, 1979; Suter et al., 1997; Vendramini et al.,
2010). In order to protect spermatogenesis from toxicant
exposure, many clinical and experimental trials have
been tested (Endo et al., 2003; Atessahin et al., 2006;
Yeh et al., 2007), but if these therapies could prevent or
reverse doxorubicin testicular toxicity remains unclear.
However, it is known that superior plants present an
infinite variety of secondary metabolites and that
represent a diversity of mutagenic, bioantimutagenic and
desmutagenic substances. Thus, it is possible that some
antimutagenic compounds of plants have some
therapeutic use (Wall et al., 1988). Croton cajucar Benth.
is an arboreal or bushy plant of the Euphorbiaceae
family, that can be found in the Amazon region in the
northern part of Brazil, and that is locally known as
“sacaca”’ (Di Stasi et al., 1989). It is widely used in the
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Table 1. Groups of treatment and their respective treatments and routes of administration.

Groups Treatments Routes
Controls

Gl Negative: water GA
Gll Solvent: 2 DMSO:1 water GA
Glll Positive: DXR (16 mg/Kg b.w.) IP
EMeOH (mg/Kg b.w.)

GIV 3125 GA
GV 625 GA
GVI 1250 GA
EMeOH (mg/Kg b.w.) + DXR (16 mg/Kg b.w.)

Gvil 312.5 + DXR GA/IP
GVl 625 + DXR GA/IP
GIX 1250 + DXR GA/IP
Solvent + DXR (16 mg/Kg b.w.)

GX 2 DMSO:1 water + DXR GA/IP

All solutions were administrated at 0.1 ml/10 g b.w.; GA: gavage; IP: intraperitoneal.

popular medicine to the treatment of various diseases like
diabetes, diarrhea and fever as well as stomach, hepatic
and kidney problems and it is also used to control high
cholesterol levels (Costa et al., 2007). Maciel et al. (1998)
reported that the majority compound isolated from stem-
bark extract of adult C. cajucara plants is the clerodane
diterpene trans-dehydrocrotonin (DCTN). As revised by
Costa et al. (2007), DCTN has been reported to present
antiulcer, anti-inflammatory, hypoglycemic, antimuta-
genic, and antitumoral properties. Thus, considering that
the DXR is a mutagenic agent and induces impairment of
spermatogenesis and that the C. cajucara extract has
been shown to have antimutagenic activities, the aim of
this study was to evaluate the effects of C. cajucara
methanolic extract (EMeOH) in preventing the testicular
damage and to assess the antimutagenic properties in
mice submitted to subchronic treatment with DXR.

MATERIALS AND METHODS
Animals

Fifty male albino Swiss mice (Mus musculus) and one hundred
female albino Swiss mice, aged five to six week-old and weighing
30 g, were obtained from the mouse breeding colony at State
University of Londrina (Parand — Brazil) and distributed in
polypropylene cages. The animals were maintained under 23+2°C
and standard light conditions (12 h light/12 h dark). Water and food
were provided ad libitum. All the protocols for animal care and
experimental procedures were conducted according to the
Canadian Council on Animal Care (Olfert et al., 1993).

Plant extract

The EMeOH obtained from the bark of a native C. cajucara Bent.,
collected in Jacunda (Para, Brazil), was used. The plant was
identified by Nelson A. Rosa, and a voucher specimen (n. 247) was
deposited in the Emilio Goeld Paraense Museum (Belém, Para,
Brazil). The methanolic extraction was carried out on ground bark
(in powder) through Soxhelt, for 48 h. 6 kg of powder and 46 L of
methanol were used in the extraction, resulting in 202 g of the
methanol extract. Then, this extract was diluted in a dimethyl
sulfoxide solution (DMSO) plus water at a ratio 2:1 and
administrated to the animals, through gavage, at doses of 312.5,
625 or 1250 mg/Kg of body weight (b.w.). The evaluated doses
were chosen according to previous studies of Santos et al. (2006,
2008).

Doxorubicin

Doxorubicin (Adriblastina®, Pharmacia and Upjohn, ltaly) was
utilized as positive-control in a dose of 16 mg/Kg b.w. and
administrated to the mice intraperitoneally (Guevara et al., 1996;
Resende et al., 2006).

Treatment of the animals

The mice were distributed into 10 groups, with 5 male mice in each
group, according to Table 1. A negative, a positive and a solvent
control group were established for the treatment of the animals with
distilled water, doxorubicin (16 mg/Kg b.w.) and 2 DMSO:1 H;0,
respectively. The testicular alterations and the mutagenicity of the
extracts were assessed in three different doses: 312.5; 625 and
1250 mg/Kg b.w., through gavage. The same doses of EMeOH
were used to assess whether the testicular damage caused by DXR
were softened, as well as to evaluate the antimutagenic activity.
Doxorubicin was administrated in a single dose, intraperitoneally,



one hour after the extract was administered through gavage. All the
animals received 0.1 ml/10 g b.w. of each solution once a week for
5 weeks.

Fertility index

To assess the fertility index, each male-treated animal was mated
with two untreated virgin females one week before the end of the
treatment. The presence of vaginal plug was considered such as
early pregnancy. The female mice were euthanized at 18th day of
pregnancy by cervical dislocation and their uterine horns were
removed. The numbers of live fetuses and reabsorptions were
recorded.

Histological procedures

After 24 h of the last dose administration, the male mice were
anesthetized with an intraperitoneal injection of 0.08 ml/100 g b.w.
of 10% hydrochloride ketamine (Syntec do Brasil Ltda.) and 0.02
ml/ 100 g b.w. of 2% hydrochloride xylazine (Syntec do Brasil
Ltda.). The testes were removed, weighed and the animals were
euthanized by an overdose of anesthesia, intraperitoneally. Then,
the testes were fixed in Bouin’s liquid, dehydrated in crescent
alcoholic solution and embedded in Paraplast®. The sections (5 pm)
were stained by H.E. and submitted to stereologic and
morphometric analyses.

Stereological and morphometric analyses

After testes removal from the scrota, they were weighted and their
total volumes were obtained by Scherle’s method (Sherle, 1970).
The volume densities (Vv) of seminiferous tubules (VvSt) and
interstitial tissue (Vvlt) were obtained. For this purpose, 30 random
fields from three non-serial testicular sections per animal were
analyzed using a 100-point integrating eyepiece attached to a light
microscope at x400 magnification. So, the number of points upon
seminiferous tubules and interstitial tissue was accounted, totalizing
3,000 points per animal (Weibel, 1963). Then, the percentages
values of VvSt and Vvlt were determined. The average of
seminiferous tubules diameter was measured using an ocular
micrometer attached to a light microscope at x100. For this, 50
random round tubular cross-sections per animal were analyzed
from three non-serial sections. In this sense, to determinate the
length of the seminiferous tubules (LSt) in these tubules, the
following formula was used:

LSt = VvSt/mTR2

Where VvSt = volume density of seminiferous tubules and R =
tubular diameter/2 (Attal and Courot, 1963; Dorst and Sajonski,
1974).

Micronucleus test

To evaluate the mutagenic and antimutagenic effects of EMeOH of
C. cajucara, the micronucleus test on peripheral blood mice cells
was performed according to Hayashi et al. (1990). The blood was
obtained by perforating the caudal vein of the mice with a needle
once a week before each treatment (TO, T1, T2, T3 and T4) and 24
h after the last treatment (T5). The collected blood was placed at
the centre of pre-stained glass slides with 10 pl of acridine orange
(1 mg/ml). These slides were maintained in the dark at -20°C, for a
minimum of 24 h, prior to cytological examination of blood cells. The
cellular preparations were examined under a fluorescence
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microscope, with a blue (488 nm) excitation filter and yellow (515
nm) emission (barrier filter), using an immersion objective. One
thousand reticulocytes per each treated animal were analyzed and
the proportion of micronucleated cells (MNRET) was determined.
The EMeOH capacity of reducing damage caused by DXR was
calculated by the formula:

% R=A-B/A-C x 100

Where %R is the reduction percentage; A is the MNRET frequency
after treatment with DXR; B is the MNRET frequency after
treatment with EMeOH of C. cajucara and DXR; and C is the
MNRET frequency after treatment with water (Waters et al., 1990).

Statistical analysis

To assess the stereologic and morphometric data, frequency of
micronucleated cells, as well as the fertility index, the parameters
were submitted to Analyses of Variance (ANOVA) and the Tukey-
test at 95% of significance.

RESULTS
Stereologic analyses

According to Table 2, the testicular volume of DXR-
untreated animals did not present significant difference
between them. However, this stereologic parameter was
statistically reduced when the animals which received
only DXR, DXR+EMeOH or DMSO+DXR, were
compared with the groups of DXR-untreated animals. It is
important to emphasize that the testicular volume of
animals treated with DXR plus EMeOH, independently on
the concentration, showed significant reduction when
compared to their respective control groups. In respect to
volume densities, the same statistical results were found
in VvSt; in other words, there were statistical differences
between DXR-treated mice and DXR-untreated-animals.
In VWit results, DMSO-treated group and mice treated
with 312.5 and 625 mg/Kg b.w. of EMeOH resulted in a
significant increase in this parameter when compared to
negative (Gl) and positive-controls (Glll). It is also
important to note that between the animals which
received doxorubicin plus EMeOH, only GVII and GVIII
showed significant reduction compared to their control
animals which were treated with EMeOH of C. cajucarain
312.5 and 625 mg/Kg, respectively (Table 2).

Light microscopy

All animals that received different dosages of EMeOH of
Croton cajucara, as well as those treated only with
DMSO showed normal morphology of seminiferous
tubules like negative group (Figures 1a to e). In the
seminiferous tubules of these animals was observed that
the seminiferous epithelium was constituted by concentric
layers of germ cells and that the tubular lumen was
empty (Figures 1a and b). In the epithelium was observed
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Table 2. Testicular volume, volume densities of seminiferous tubules (VvSt) and interstitial tissue (Vvlt) of

animals from different groups of treatment.

VvSt (ml) Vvit (ml)

that typical

Groups Testicular volume (ml)
Gl 0.116+0.009°
Gll 0.114£0.0112
Gl 0.042+0.025°
GIV 0.118+0.008?
GV 0.098+0.004%
GVI 0.108+0.016%
GVII 0.044+0.008°
GVIII 0.042+0.022°
GIX 0.048+0.025°
GX 0.040+0.008"

0.107+0.000%
0.068+0.007°
0.019+0.001°
0.090+0.008%
0.064+0.008°
0.090+0.017%
0.026+0.055°
0.023+0.012°
0.023+0.012°
0.027+0.005°

0.009+0.007%
0.046+0.005°
0.011%0.0212
0.030+0.005°
0.034+0.008°
0.018+0.004%
0.017+0.005°
0.018+0.004%
0.011+0.005%
0.010+0.006°

M+SD followed by the same letter represent statistically identical values in the columns (p<0.05).

triangle/ovoid Sertoli cell nuclei were

Figure 1. Photomicrographs of seminiferous tubule sections of mice from Gl (a),
Gll (b), GIV (c), GV (d) and GVI (e) groups stained by H.E. In 1a and b, the
seminiferous tubules with normal aspect show germ cells organized in concentric
layers constituting the seminiferous epithelium (SE). Tubular lumen (asterisks).
Interstitial tissue (IT). 1c, d and e: All the animals treated with different dosages of
EMeOH of Croton cajucara (312.5 mg/Kg — 1c; 625 mg/Kg — 1d; 1250 mg/Kg — 1e)
showed organized seminiferous epithelium with normal morphology like Gl and Gll
groups. The Sertoli cell nuclei (black arrows) are positioned adjacent to peritubular
tissue, in the basal compartment. Spermatogonia (arrowheads), primary
spermatocytes (white arrows) and round/elongated spermatids (thin arrows) are
observed in concentric layers on the seminiferous epithelium. Bars: Figures 1a and
b: 55 um; Figures 1c to e: 30 um.

(Figures 1c to e). The seminiferous tubules of the DXR-

adjacently positioned to the peritubular tissue in the basal
compartment. Moreover, all the different cells of Res.
germinative lineage, that is, spermatogonia, sperma-
tocytes and round/ elongated spermatids were observed,
in concentric layers, in all the seminiferous tubules

group (Figure 2a) and DXR plus DMSO-treated animals
(Figure 2b) showed intense epithelial depletion and
extreme disorganization of seminiferous epithelium. The
same alterations were found in the animals which
received the chemotherapeutical agent with EMeOH,
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Figure 2. Photomicrographs of seminiferous tubule sections of mice from Glll (a), GX (b),
GVII (c), GVIIl (d) and GIX (e) groups stained by H.E. The doxorubicin (2a) and
doxorubicin plus DSMO (2b) treated animals showed tubules with disorganized
seminiferous epithelium (SE) or accentuated epithelial depletion (asterisks). The animals
treated with doxorubicin plus the different dosages of EMeOH of Croton cajucara (312.5
mg/Kg — 2¢; 625 mg/Kg — 2d; 1250 mg/Kg — 2e) presented the same alterations found in
the GlIl and GX groups. In these animals, the seminiferous tubules were formed by only
Sertoli cells (arrows) and none germ cells were observed in the seminiferous epithelium
(SE) (Figures 2c and e). Some tubules with discontinuous and disorganized epithelium
with disarranged spermatids (thin arrows) also were found (Figure 2d). In all animals was
common to find multinucleated formation (Figure 2e). Bars: Figures 2a and b: 55 um;

Figures 2c to e: 30 and 5 um.

independently on the dosages (Figures 2c to €). Two
different morphological aspects of seminiferous tubules
were seen in these animals. The majority of seminiferous
tubules presented accentuated cellular depletion in the
epithelium in which none germ cells were observed; only
Sertoli cell nuclei were found, feature of typical
Sertolization (Figures 2c and e). The other tubules
showed discontinuous and disorganized epithelium, in
which only round and elongated spermatids were noted
in a disarranged manner (Figure 2d). Moreover, in all
DXR-treated animals, multinucleated formation of round
spermatids were the most common alteration observed
(Figures 2e).

Morphometric analyses

In Table 3, the measurement of the diameter of
seminiferous tubules revealed that the animals from DXR
group and those treated with different dosages of
EMeOH of C. cajucara plus doxorubicin showed
significant reduction in relation to the animals from
negative-control and the animals treated only with
EMeOH.

Considering the tubular length, the animals that

received doxorubicin plus EMeOH, independently of the
dosages, presented a significant reduction when
compared to negative control group. However, only the
GIX group animals showed significant difference when
compared to their respective control group (GVI).

Fertility index

In Figure 3, we can observe that all the animals were
fertile. However, the animals who received DXR, in
association or not with EMeOH or DMSO, presented
reduction in the number of fetuses as well as increase in
the number of reabsorptions in comparison to the
negative control group.

Micronucleus test

According to Table 4, the mean of MNRET frequencies
observed after using three different concentrations of
EMeOH of C. cajucara in mice were statistically similar to
those obtained in the negative control group (Gl); that is,
they presented no mutagenic effect. However, the
animals treated with all the concentrations of EMeOH
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Table 3. Diameter and length of seminiferous tubules (DSt and LSt) of animals from different groups of treatment.

Groups DSt (pm) LSt (um)

Gl 196+9.089% 3.52+0.259%
Gll 173+26.310% 3.00+0.818%
Glll 153.5+31.06° 1.26+0.123°
GIV 220+13.084% 2.34+0.356%
GV 175+10.300% 2.43+0.398%
GVI 176+9.298% 3.64+0.503%
GVII 136+12.595° 1.90+0.636"
GVIII 13749.216° 1.40+0.291°
GIX 135+8.400° 2.14+1.402°
GX 137+6.65° 1.8760.546"

MzSD followed by the same letter represent statistically identical values in the columns (p<0.05).
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Figure 3. Representative histogram of fertility index.

plus DXR presented antimutagenic effect, since the mean
MNRET frequencies were statistically different from those
obtained in the positive-control group (Glll). The
percentage reductions in DNA damage obtained in the
micronucleus test after treatments with different
concentrations of EMeOH of C. cajucara were calculated
and are presented in Table 5. The reductions in
micronucleated cells were more significant in the groups
treated with the 625 or 1250 mg /Kg b.w. concentration of
the extract of C. cajucara and less significant for the
312.5 mg/Kg b.w. concentration of the extract.

DISCUSSION

Early experimental evidences suggest that the
occurrence of testicular damage and, consequently,
permanent or transitory sterility in animals of different

G¥l

Groups

Reabsorbed
fetuses

il

WL GWIID GIE GX

ages were results of treatment with different doses of
anthracyclinic antibiotics (Au and Hsu, 1980; Ward et al.,
1988; Meistrich et al., 1990). Between them, DXR, the
most common antineoplasic drug used in the treatment of
many solid tumors, causes several adverse effects in
male fertility (Meistrich et al., 1982). Tsunenari et al.
(2000) described that the testicular toxicity of DXR could
be detected 2 weeks after a single intravenous
administration, including decrease of the testicular weight
without causing toxicity on normal tissue. Based on this
and histopathological disorders. A perfect chemothera-
peutic treatment would selectively attack tumor cells
concept, a great amount of studies have been done to
decrease the cytotoxicity of these drugs (Vaisheva et al.,
2007; Vendramini et al., 2010), including the actions of
plant extracts (Yeh et al., 2009). The alteration in the
measurements of stereological and morphometrical
testicular data indicates that there was injury inthe
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Table 4. Frequency of micronucleated reticulocytes of the peripheral blood from mice of different treatment groups.

Time sampling

Groups To T1 T3 T4 T5

Gl 1.240.92% 1.0£0.94% 0.9+0.74° 1.140.742 1.140.74% 0.9+0.74°
Gll 1.40.84% 1.340.95% 1.0£0.94% 1.240.94% 1.641.13% 1.3+1.0%

Gl 3.0+1.56" 22.945.53° 13.5+2.22° 16.1+1.79° 20.9+4.04° 23.619.05°
GIV 1.240.9° 1.5+1.3% 0.940.7° 1.240.8% 1.310.9° 1.310.9°

GV 1.0£0.82% 0.7+0.68° 0.9+0.99° 1.440.73% 1.3+0.712 1.641.19%
GVI 0.9+0.74° 0.9+0.74° 1.0£0.82% 1.440.73% 1.0+1.0% 1.440.73%
GVII 1.9+1.27% 12.1+2.09% 8.312.24° 7.9+2.23° 8.412.01° 9.4+1.13°
GVIII 0.8+0.83% 5.642.77° 4.0+1.41% 5.1+1.45¢ 7.241.93° 7.942.08°
GIX 1.9+1.1% 7.3+1.83° 6.8+1.55° 7.041.31° 8.4+1.67° 7.742.12°
GX 1.0£0.94* 11.742.2° 6.9+1.52° 8.6+1.42° 9.3+1.16° 9.4+1.33°

MzSD followed by the same letter represent statistically identical values in the columns (p<0.05). * Different values of others in the same line
(p=<0.05). #Value different from that of the times T4 and T5 of the same line (p<0.05).

Table 5. Percentage of damage reduction to DNA (% R) in groups with EMeOH showing antimutagenicity.

Time sampling

Groups

T1 T2 T3 T4 T5
Gvil 49.32 41.27 54.67 63.13 62.56
GVl 79 75.4 73.33 69.19 69.16
GIX 71.23 53.18 60.67 63.13 70.04

gonads of the animals submitted to DXR. Decrease in
parameters such as testicular volume, volume density of
seminiferous tubules, as well as, in the diameter and
length of these tubules can also give information about
the testicular damage degree as a consequence of germ
cells death (Atessain et al., 2006; Vendramini et al.,
2010). The histopathological analysis of the seminiferous
tubules of animals treated with DXR showed tubules with
epithelial  disorganization, in which multinucleated
formation and round and elongated spermatids in
disarranged manner were the most common alterations
observed. Moreover, the majority of the seminiferous
tubules presented accentuated epithelial depletion,
presenting only Sertoli cell nuclei, feature of typical
Sertolization. It is important to emphasize that the
testicular volume represents the sum of testicular
parenchyma and interstitial volumes. These same results
were demonstrated by Tsunenari et al. (2000) and
Vendramini et al. (2010).

In the present study the testicular parenchyma volume
was the parameter more affected by chemoterapeutical
treatment, since the interstitial volume did not present
significant change. Thus, this result suggests that the
drug cytotoxic effect occurs, essentially, upon semini-
ferous tubules. Therefore, considering the morpheme-
trical and histophatological aspects early described, it is
probable that the decrease in the morphometric data was
a consequence of the germ cells loss (Franga and
Russel, 1998) induced by doxorubicin treatment. The

transitory exposure of a male to an agent may result in
death of specific types of germ cell (Amann, 1986). It has
been shown that doxorubicin-induced toxicity is mainly
concentrated in early spermatogenic cells, like type A and
intermediate spermatogonia, which undergo rapid
proliferation and differentiation (Shinoda et al., 1999).
Some experiments have indicated that upon
microscopic evaluation, type A1-4, Aioiated, Apaird, and
Aaiignes SPErmatogonia were the most vulnerable cells to
doxorubicin (Lui et al., 1986; Matsui et al., 1993; Suter et
al., 1997). The intercalation of doxorubicin in the germ
cell DNA during division is considered the main cause of
cellular death induction in the seminiferous epithelium. In
addition, it is widely accepted that oxidative stress and
the production of free radicals are main causes for DXR-
induced cytotoxicity (Quiles et al., 2002). Oxidative stress
could play a critical role in the induction of sperm
abnormalities, namely a higher susceptibility of sperm
DNA to denaturation and fragmentation (Sikka, 1996). In
the current study we demonstrated that animals from all
groups, including those which received DXR, were fertile.
This was probably due to fact to the exposure to DXR did
not prevent that more mature germ cells than those
affected proceeded through spermatogenesis and,
consequently, the male mice were able to fertilize the
females. However, the results showed that there was a
reduction and an increase in the number of alive and
reabsorbed fetuses, respectively, in all the animals that
received DXR. This resultis in agreement with another
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study of our group that assessed the lethal dominant
frequency in cyclophosphamide-treated mice plus
EMeOH of C. cajucara (Santos et al., 2006). Thus, the
treatment with EMeOH of C. cajucara did not prevent the
decrease on the number reabsorbed fetuses in mice
treated with two different agents inductors of DNA
damage.

DXR is responsible for inducing oligozoospermia
(Sawada et al.,, 1994) and long or short-term male
infertility (da Cunha et al., 1983; Meistrich, 1993) since
this drug causes male germ cell apoptosis (Shinoda et
al., 1999). In addition, the cells that survived to DXR
action may have developed genetic alterations, like
sister-chromatid exchanges (Abraham and Franz, 1983).
In this study, the treatment with EMeOH of C. cajucara,
independently of used dosage, that is, 312.5, 625 or 1250
mg/Kg, did not induce any testicular alteration. The
assessment of histopathological and morphometric
parameters were normal in comparison to the animals
from control groups, suggesting that the plant extract
does not have cytotoxic effects upon germ cells. By the
way, the pre-treatment with EMeOH, considering the
three different doses, did not protect the testicular
damage induced by DXR. All the morphometric
parameters analyzed and the histopathological findings
are in consonant with the results found in the testes of
DXR-treated animals. Tieppo et al. (2006) demonstrated
that the extract obtained from C. cajucara leaves
presents free radicals scavenging capacity and, so, it is
able to reduce the effects of oxidative stress caused by
Paraquat. These authors suggest that the use of this
plant extract is a beneficial source of natural antioxidant
agent. However, considering that DXR induces free
radicals forming and oxidative stress, and that the
treatment with C. cajucara plus DXR showed the same
results observed in the animals which received only the
chemotherapeutical agent, it is possible to conclude that
the plant extract did not prevent the testicular damage
caused by DXR. In the current study, the results obtained
from mutagenicity assessment of C. cajucara EMeOH
indicated absence of mutagenicity of all extract dosages
as well as the solvent (DMSO) used in this experimental
protocol. These results confirm the data obtained by
Santos et al. (2006, 2008), which utilized the same
EMeOH dosages to evaluate its effects upon bone
marrow cells of mice.

On the other hand, plants of the genus Crofon are
known for their toxic effects, as irritant and carcinogenic
effects, attributed to the presence of phorbol diterpene
esters (Schmidt, 1986). However, early studies reported
that C. cajucara presents clerodane diterpenes like
cajucarinolide, isocajucarinolide (Ichihara et al., 1992)
and large amount of DCTN, which does not show toxic
effects but shows several therapeutic properties (Maciel
et al., 1998). Thus, differently of the other plants from its
genus, the absence of phorbol ester bioactivity in C.
cajucara would explain the fact that the plant extract used in
this study did not show mutagenic activity in any of the

tested concentrations. C. cajucara stem bark
methanolic extract exhibited antimutagenic properties,
protecting the mouse cells from mutagenicity induced by
doxorubicin. The methanolic extract was able to decrease
the frequency of micronucleated reticulocytes from mice
treated with the chemotherapeutic agent and the C.
cajucara EMeOH independently of the used dosage, that
is, 312.5, 625 or 1250 mg/Kg b.w. The high percentage of
damage reduction associated with the absence of
mutagenic effects indicates the possibility of C. cajucara
EMeOH chemoprotection action. In early mutagenic
studies using cyclophosphamide as mutagenic agent,
Agner et al. (2001) and Santos et al. (2008)
demonstrated that DCTN and C. cajucara stem bark
methanolic extract, respectively, presented antimutagenic
properties. The main antimutagenic mechanism proposed
by both of them was desmutagenesis, indicating that the
mutagenic agent used (cyclophosphamide) was
inactivated prior the damaging. Despite the many
beneficial effects described in the literature considering
the derivates from C. cajucara (Costa et al., 2007), in the
present experimental model no protective effect of stem
bark methanolic extract on testicular alterations caused
by DXR was detected.

The results from the absence of testicular damage and
mutagenic effect by C. cajucara EMeOH, in the
conditions used in this study, along with those of other
studies which described various biological activities for its
active principle, the DCTN (Agner et al., 2001; Costa et
al., 2007), can ensure the use of this herbal medicine by
the population. These observations reinforce the
indication of the use of C. cajucara extract in the folk
medicine in the concentrations evaluated and encourage
the development of drugs to be used as co-adjuvant
chemotherapy to prevent side effects.
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