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ABSTRACT. Inoculation with bacterial or fungal antigens that
stimulate cell proliferation has been widely used to obtain metaphases
for cytogenetic studies of fish. We evaluated the potential of new
pharmaceutical compounds as mitogenic agents in fish, testing the
efficacy of Aminovac® (mixed antigens and epsilon-acetamidocaproic
acid), Broncho-Vaxom® (bacterial lysate) and Estimoral® (bacterial
lysate) to increase the mitotic index in fingerlings of the Neotropical
fish Prochilodus brevis (Prochilodontidae) and Hoplias malabaricus
(Erythrinidae), which were obtained from an aquaculture facility. The
animals were treated with intramuscular or intraperitoneal injections
of 1 mL/50 g body weight of each compound. After 24 h, cytogenetic
analyses were performed. All immunostimulants tested significantly
stimulated cell division, although Aminovac® proved to be the most
efficient, leading to a 5-fold increase in the number of metaphase
cells compared to the control group and to a 2-fold increase compared
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to conventional yeast inoculation. This compound facilitates fish
cytogenetics analyses as it stimulates the proliferation of defense cells
and reduces loss of samples. It will be especially useful for the study
of specimens that either have a high commercial value or are fragile,
small and/or rare.

Key words: Fish cytogenetics; Mitotic stimulation; Broncho-Vaxom;
Estimoral; Aminovac

INTRODUCTION

Knowledge about cytogenetic aspects in fish has been useful in understanding evo-
lutionary, genomic and taxonomic features of this group, and it has also provided a database
for conservation policies (Molina, 2007; Oliveira et al., 2007; Rab et al., 2007). Advances in
banding techniques and chromosomal mapping, however, are invariably dependent on the
number and quality of metaphase spreads.

The mitotic index in healthy fish specimens is usually low, especially during certain
seasons and ontogenetic stages. The biological peculiarities of some species, such as body
length, fragility as a result of transportation and captivity and area of occurrence, can hinder
the acquisition of chromosomes from cell culture. In these cases, mitotic stimulants should be
used in direct chromosomal preparations.

The technique of mitotic stimulation in vertebrates relies on the immunological re-
sponse to antigens, which can be obtained from a wide variety of sources: live microorganisms
such as yeasts (Lee and Elder, 1980; Lozano et al., 1988); biological compounds such as horse
serum (Ojima and Kurishita, 1980) and phytohemagglutinin, a lectin found in plants able to
induce mitosis (Baruffaldi et al., 1992; Takai and Ojima, 1995); natural or induced infection
with parasites such as Ichthiophirium multifilis (Moreira-Filho and Bertollo, 1991) and para-
sitic mollusk larvae (Woznicki et al., 2004), and chemical agents such as phenylhydrazine
(Cucchi and Baruffaldi, 1989) and cobalt chloride (Cucchi and Baruffaldi, 1990; Woznicki
et al. 2004). All these methods trigger, to different degrees, the proliferation of defense cells,
which is macroscopically characterized by an enlarged kidney, the hematopoietic organ in fish
(Kunz, 2004).

Taking advantage of this immune response to external agents, cytogenetic study pro-
tocols were developed for fish that involved their inoculation with antigenic substances and
analyses of kidney cells. The application of a glucose solution containing the yeast Saccharo-
myces cerevisae (Lee and Elder, 1980; Lozano et al., 1988; Park et al., 2005) is the most widely
used method because it is efficient, easy and cost-saving. Although resulting in a high number
of mitotic kidney cells, this method has the disadvantage of causing a remarkable increase in
mortality rate (Molina, 2001) as a result of either external injuries or internal organ failure
due to either general toxicity or a pressure increase that occurs due to gas production. Such a
disadvantage is particularly restrictive in studies that involve fragile, unhealthy or very small
animals. To mitigate this type of damage, the bacterial and fungal lysates have been used as
a successful alternative for the stimulation of cell division in fish (Molina, 2001). Nonethe-
less, an evaluation of the performance of different immunostimulants to optimize chromo-
somal preparation in fish is still necessary. The goals of the present study were both to test the
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efficacy of new commercial compounds capable of inducing mitotic division in fish and to
standardize their utilization, using the freshwater Neotropical species Prochilodus brevis and
Hoplias malabaricus as models.

MATERIAL AND METHODS

The mitotic induction experiment was performed using 22 P. brevis (Steindachner,
1875) specimens of the same age and weight (~100 g) and six H. malabaricus (Bloch, 1794)
specimens of the same weight (~20 g) from the aquaculture facility Estevao de Oliveira in the
Department of Actions Against Drought (DNOCS), Caicd, State of Rio Grande do Norte,
Brazil. Each group received, either via intramuscular or intraperitoneal injection, a solution of
each immunostimulating compound: Aminovac®, a human oral desensitizer composed of mixed
protein antigens from food, inhalational substances and microorganisms of the respiratory sys-
tem associated with epsilon-acetamidocaproic acid; Broncho-Vaxom®, a lyophilized bacterial
lysate composed of strains of Haemophilus influenzae, Diplococcus pneumoniae, Klebsiella
pneumoniae, K. ozaenae, Staphylococcus aureus, Streptococcus pyogenes, S. viridians, and
Moraxella catarrhalis (Neisseria); Estimoral®, a bacterial lysate mainly composed of strains
of H. influenzae, K. pneumoniae, S. aureus, S. pyogenes, S. mitis, S. pneumoniae, Branha-
mella catarrhalis, and others, and a glucose solution of Saccharomyces cerevisae. All com-
pounds were injected at a proportion of 1 mL/50 g body weight. The animals were divided into
six treatment groups, including the control group, without mitotic stimulation (NS), and groups
inoculated with non-treated water (T1), 0.1 mg/mL Aminovac® in deionized water (T2), 0.7 mg/
mL Broncho-Vaxom® in deionized water (T3), 0.6 mg/mL Estimoral® in deionized water (T4),
or a 0.25 g/mL sucrose solution of S. cerevisae (6 g yeast, 6 g sucrose, 25 mL deionized water;
stored at 37°C for 20-30 min) (T5). Each group comprised three to four specimens of P. brevis
and one specimen of H. malabaricus.

After a 24-h treatment period, the animals were anesthetized using clove oil, sacrificed
as described by Henyey et al. (2002), and fragments of the anterior kidney were removed. The
acquisition of mitotic chromosomes was performed as described by Gold et al. (1990). After
extraction and fixation of the tissue, three drops of the cell suspension were applied onto glass
slides covered with a film of water at 60°C, followed by air-drying. The slides were then
stained with a 5% Giemsa solution in phosphate buffer, pH 6.8, for 10 min. The mean num-
ber of metaphases for each specimen was based on analyses of three slides per individual.
The metaphase spreads were analyzed using 1000X magnification, and they were photo-
graphed using an optic microscope (Olympus BX50) that was equipped with a high-reso-
lution digital system. The efficacy (E) of the antigens tested was defined by the ratio of the
absolute frequency of mitotic metaphases for each treatment to the number of metaphases
obtained in the control treatment (NS) within samples from both fish species.

One-way analysis of variance was performed using the Biostatistics for Windows
software to determine significant differences between control and treated groups. A probabil-
ity level of P < 0.05 was considered to be significant.

RESULTS

The mean number of mitotic metaphases was 1.39 metaphase/slide for NS (E = 1.00),
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1.87 for T1 (E = 3.11), 8.26 for T2 (E = 12.22), 6.91 for T3 (E =9.22), 4.86 for T4 (E = 7.44),
and 5.75 for T5 (E=5.77) (Table 1). Although a significant increase in the number of metaphases

Table 1. Metaphase frequency and efficacy of treatments using distinct mitotic inducers in the species
Prochilodus brevis and Hoplias malabaricus.

Treatment Specimen Species Antigen Slides Total/slide
1 11 I
NS 2597 P. brevis No stimulation 2 2 0 4
NS 2601 P, brevis 0 0 0 0
NS 2603 P. brevis 0 1 0 1
NS 2808 H. malabaricus 3 0 1 4
Total 9
Average/slide 2.25
Efficacy 1.00
T1 2634 P, brevis Water 1 2 1 4
T1 2635 P. brevis 1 2 3 6
Tl 2677 P. brevis 2 2 4 8
T1 2810 H. malabaricus 3 5 2 10
Total 28
Average/slide 7.00
Efficacy 3.11
T2 2819 P. brevis Aminovac 5 8 4 17
T2 2820 P. brevis 3 5 5 13
T2 2631 P, brevis 24 13 15 52
T2 2805 H. malabaricus 6 14 8 28
Total 110
Average/slide 27.50
Efficacy 12.22
T3 2623 P. brevis Broncho-Vaxom 4 5 4 13
T3 2624 P, brevis 10 5 4 19
T3 2625 P. brevis 13 5 9 27
T3 2809 H. malabaricus 8 6 10 24
Total 83
Average/slide 20.75
Efficacy 9.22
T4 2633 P, brevis Estimoral 11 5 8 24
T4 2636 P. brevis 3 2 3 8
T4 2678 P. brevis 3 4 4 11
T4 2807 H. malabaricus 7 13 4 24
Total 67
Average/slide 16.75
Efficacy 7.44
T5 2679 P. brevis S. cerevisae 3 5 6 14
TS 2730 P. brevis 6 7 6 19
T5 Death P, brevis - - - -
T5 2806 H. malabaricus 11 3 5 19
Total 52
Average/slide 17.33
Efficacy 5.77

NS = without mitotic stimulations (control group); T1 = inoculated with non-treated water; T2 = 0.1 mg/mL
Aminovac in deionized water; T3 = 0.7 mg/mL Broncho-Vaxom in deionized water; T4 = 0.6 mg/mL Estimoral in
deionized water; T5 = a 0.25 mg/mL sucrose solution + 6 g Saccharomyces cerevisae.

was observed after inoculation with non-treated water (T1; P < 0.05), the absolute number of
metaphases was still low. The efficacy of each treatment was estimated relative to the number of
metaphases seen in the control group, which represented the basal level of dividing cells in the
animals (Figures 1 and 2). There was only a single death that occurred in the TS group. Statisti-
cal analyses showed significant differences for all treatments when compared to the non-treated
control group (P <0.001).
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Figure 1. Box plot of the frequency of metaphases after induction of cell division using distinct immunostimulants.
Efficacy (E) is indicated for each treatment. Outlying value is indicated by a small circle, and a far outlying value
is indicated by an asterisk.
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Figure 2. Mitotic metaphases of Hoplias malabaricus (above the horizontal line) and Prochilodus brevis (below
the horizontal line) obtained after induction with (a) Aminovac® (T2), (b) Broncho-Vaxom® (T3), (c) Estimoral®,
and (d) Saccharomyces cerevisae. Bar =5 pm.
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DISCUSSION

Comparative analyses between the treatments showed that the compounds Aminovac®
(T2), Broncho-Vaxom® (T3) and Estimoral® (T4) could efficiently stimulate mitosis in both
fish species. The increased efficiency was due either to the increased number of metaphase
spreads or to the lack of mortality caused by the immunostimulants.

These compounds proved to be suitable activators of cell proliferation coupled
with less aggressive effects in contrast to those of yeast inoculation, particularly mortality.
Similar results have been reported for the immunostimulant Munolan® (Molina, 2001).
Among the treatments performed herein, Aminovac® (T2), which comprises antigen com-
plexes from food, air and bacteria, resulted in a 5-fold higher number of metaphases com-
pared to the control group.

Several studies have focused on the development of vaccines to provide resistance
to fish diseases in captive animals (Pakingking Jr. et al., 2009); indirectly, the knowledge
from these studies has provided insight into the (usually unclear) mechanisms involved
in the fish immunological response. Certain immunostimulants can trigger non-specific
defense pathways, thereby preventing infectious diseases. The efficacy of some of these
compounds has been determined under different inoculation procedures (Sakai et al.,
2001) and, in some cases, they have resulted in a remarkable increase in the phagocytic
activity of leukocytes in the kidney.

One of the most commonly used methods for mitotic induction in fish cytogenetics
utilizes intramuscular or intraperitoneal inoculation with a solution of live yeast cells obtained
from a 24- to 56-h culture of S. cerevisae (Cavallini and Bertollo, 1988). This method gener-
ally provides good results in several fish species, but it is potentially injurious to the animals
and may lead to a significant mortality rate dependent on both the inoculation ability and
physiological state of the specimen.

After intraperitoneal inoculation, some bacteria have been shown to release toxic ex-
tracellular enzymes such as hemolysin, protease, lipase, amylase, and phospholipase (Romal-
de and Toranzo, 1993). In general, vaccines using live organisms result in a more marked cell
response (Marsden et al., 1996). Thus, similar levels of biological toxicity could be expected
from the injection of live yeast cells into fish.

Studies based on the injection of live or sonicated bacteria in some fish species re-
vealed no differences in immunological response between the two treatments (Zilberg and
Munday, 2001), even though attenuated organisms yield a higher immune response than that
of dead bacteria (Temprano et al., 2005).

The information obtained from the immunological response to vaccines in fish could
also be used to evaluate the actual effects of these immunostimulating agents on the induction
of dividing cells, which are the source of the metaphases needed for any cytogenetic study.
Individuals that were not exposed to antigens generally present a low mitotic index in kidney
cells, which hinders most chromosomal analyses in species with a low metabolism or in geno-
toxicity studies. Despite their importance, several of these stimulation methods have some
disadvantages related to handling, expense or health risks to the researcher.

Complexes of bacterial and fungal antigens have proved to be remarkably efficient in
fish with respect to both the increase in the number of mitotic cells and the lack of mortality;
thus, they represent an alternative to the glucose solution of yeasts. This approach has been
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routinely tested on an array of fish species from several orders such as Perciformes (Sena and
Molina, 2007), Anguilliformes (Vasconcelos and Molina, 2009), Beryciformes (Bacurau and
Molina, 2004), and Characiformes (Medrado et al., 2008; Pamponet et al., 2008), among others.

Given that there are constant advances in the methodologies used in chromosomal
analysis, and given that the chromosomal parameters of fish have been increasingly used as
bioindicators, the ability to increase the number of dividing cells is mandatory in fish cyto-
genetic analyses. Techniques that involve great efforts both in terms of resources as well as
preparation and analysis time, such as chromosomal mapping of DNA sequences, are signifi-
cantly favored when a large number of metaphase spreads are available. Therefore, improve-
ments in mitotic stimulation are a key step for a successful study. Given this approach, the
present study demonstrated that the compounds used as activators of cell proliferation are
adequate at the recommended dosages for fast (24 h) stimulation. The inoculations yielded
both significant increases in the mitotic index, ranging from 7.44 (T4) to 12.22 (T2), and a
higher performance, ranging from a 1.3- (T4) to 2.1-fold (T2) increase, when compared to the
traditional yeast treatment (T5).

The commercial immunostimulants used in the present study increased the number
of dividing defense cells and were demonstrated to be adequate for use in cytogenetic analy-
ses related to evolutionary, taxonomic, population, or genotoxic studies, which depend on a
large number of chromosomal counts. Therefore, these agents can be routinely used as an
alternative to the conventional glucose-yeast solution for yielding metaphases. In some cases,
however, the major advantage of this treatment method appears to be reduced sample loss,
making the use of these agents particularly suitable for studies of specimens that have high
commercial value or that are fragile, small and/or rare.
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