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We investigated the effects of induced spawning on liver and blood cell changes in matrinxa breeders, a com-
mercially valuable South American fish that requires hormonal manipulation and stripping to spawn, a trait
shared by other important aquaculture species. Little attention has been given to this topic despite the mortality
rates commonly reported by fish farmers following this practice. In this study, we show that the overall handling
required in induced spawning severely impaired the liver (hypertrophy of the hepatocytes, enlargement of the
cell nuclei and reductions of glycogen deposits) which was mainly attributed to hormonal therapy. Additionally,

the induced spawning procedure increased the number of red blood cells and decreased the white blood cell and
thrombocyte count. These results corroborate the stressful conditions and immunosuppression, which together
with the liver damage may explain the reported mortality rates. Finally, our findings outline important ap-
proaches for improving induced spawning technique.

1. Introduction

One of the most important steps in domestication and the creation
of a sustainable aquaculture industry is the control of the reproductive
processes of fish (Donaldson, 1996; Zohar and Mylonas, 2001). In
captivity, the reproduction of some species can be easily controlled by
environmental manipulation, while for other species, such procedures
are impractical due to the complexity of the environmental stimulation
required and a lack of information regarding their ecobiology (Mylonas
et al., 2010). In these cases, hormonal therapy is necessary and has been
used as an efficient tool for inducing maturation and viable fertilized
eggs (Mylonas et al., 2010; Yaron, 1995; Zohar and Mylonas, 2001).
This technique has been successfully used in several important aqua-
culture species, such as sturgeon (Acipenser spp.), carp (Cyprinus carpio),
European catfish (Silurus glanis), Japanese catfish (Silurus asotus) pike-
perch (Sander lucioperca), Japanese eel (Anguilla japonica) and salmo-
nids (for review see (Mylonas et al., 2010)).

During induced spawning by hormone therapy, the fish are cap-
tured, transported, exposed to air and injected. In some species, it is
also necessary to employ stripping, which may cause additional stress.

Although this technique has been applied in a wide range of species,
surprisingly, the effects of the overall handling required to induce
spawning on the breeders' health have been largely ignored, and the
deleterious effects has been mainly empiric (Mylonas and Zohar, 2001)
with limited information available (Khalil et al., 2012; Zanuzzo et al.,
2015). Moreover, disease outbreaks and mortality in breeders following
induced spawning are commonly reported by fish farmers. Breeders
also represent an important asset for fish farmers because the building
of the broodstock of some species may be very expensive depending on
the time required to reach sexual maturity, even when genetically im-
proved breeders are utilized. For example, the species examined in the
study, the matrinxa (Brycon amazonicus), requires 2-3 years to reach
sexual maturation, and the death of a single breeder represents a major
loss.

In fish, the liver plays critical roles in various physiological pro-
cesses, including digestion, metabolism, excretion, protein biosynthesis,
endocrine function, energy storage, hormone clearance, and stress and
immune responses (Faught and Vijayan, 2016; Karim et al., 2011;
Moon, 2004). These functions combine with its position and the blood
supply makes this organ the one most associated with health status and
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detoxification (van der Oost et al., 2003). These features qualify the
liver as the target organ to be investigated during the induced spawning
procedure and, along with blood cell profiles, provide reliable in-
dicators of health status.

Due to the lack of information about the effects of induced spawning
on breeders' health and in an attempt to understand the reasons for
disease outbreaks and mortality after this procedure, this study in-
vestigated liver and blood cell changes in breeders during induced
spawning (here we asked whether overall handling to induce spawning
affects the liver and hematological parameters). To this end, we used
matrinxa fish, one of the most commercially valuable South American
fish, especially in the Amazonian region. This species spawns once
during its annual reproductive cycle and fits the definition of a single-
batch group-synchronous fishes that require artificial gamete collection
and insemination.

2. Material and methods
2.1. Broodstock management and experimental conditions

The experiment was performed during the reproductive season (Nov
to Dec). We used 21 breeders (858.3 = 25.2g, 41.1 = 0.04cm;
mean *+ SEM), and only fish in the advanced gonadal maturation
stages were used. Firstly, the breeders were carefully captured in an
earthen pond (40m X 10m x 1.5m; L X W X D) using a dragging net.
Then, twelve females were selected based on visual external char-
acteristics, including a swollen abdomen, reddish urogenital papilla and
a bulging coelomic cavity, and nine males were selected according to
the color and fluidity of the sperm extruded after the application of
gentle abdominal pressure. The selected fish were then separated by sex
and transferred in two commercial transport boxes of 1000-L during
10 min to two 1500-L indoor tanks (a female tank and male tank) with
continuously aerated water. Before placing the breeders into two indoor
tanks, they were quickly anesthetized (0.1 g1~ ' MS-222, tricaine me-
thanesulfonate; Sigma-Aldrich, Sao Paulo, SP, Brazil; *E10521), and
weighed, measured and tagged using colored wire tags on the dorsal
fin. This procedure is necessary to apply the accurate hormone therapy
to induce spawning. The water parameters monitored during this
period were: temperature (25.8 + 0.1°C; mean *+ SEM), dissolved
oxygen (6.2 = 0.1mgl~'; mean + SEM), and pH (7.03 % 0.05;
mean *+ SEM). The photoperiod was 14 h light: 10h dark (natural
photoperiod and lights). The fish were fed a commercial diet in the
indoor tanks at the same feeding ratio given in the earthen pond (1.5%
body weight daily) and remained in the conditions described above
(indoor tanks) for 1 week prior to the induced spawning procedure.

2.2. Experimental protocol: the effects of induced spawning

After one week, six fish (three females and three males, N = 6) were
sampled before induced spawning for assessments of the liver and
complete blood cell count basal status (i.e., initial sampling/witness).
Following spawning, six fish (three females and three males, N = 6)
were sampled, and the remaining nine breeders (six females and three
males) were distributed into three indoor 500-L tanks that were sepa-
rated by sex and included three fish per tank. Seventy-two hours after
spawning, four fish (two females and two males, N = 4) were sampled.
Five breeders died (four females and one male). This period represents
the critical period of the mortality of the matrinxa breeders [see
Zanuzzo et al., 2015]. In the fish sampled, we evaluated the liver da-
mage/integrity and complete blood counts (red blood cell, white blood
cell and thrombocyte counts).

2.3. Hormonal spawning induction and sampling

Following initial sampling, the selected breeders were hormonally
induced according to Camargo and Urbinati (2008). The females were
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treated (intraperitoneally) twice with carp pituitary extract (CPE,
0.5mgkg ! and 5.0 mg kg ') dissolved in a 0.6% saline solution at 8 h
intervals. The males were treated with a single CPE dose (1.0 mgkg™1)
at the time of the second female injection. Breeders were gently netted
and handled into the indoor tanks for CPE injection. The ovum and
sperm were gently stripped by hand. The present study focused only on
the physiological responses of breeders; thus, data on the spawning
performance and hatchery were not evaluated. The fish were eu-
thanized (0.4 gl’1 MS-222, tricaine methanesulfonate; Sigma-Aldrich,
Sao Paulo, SP, Brazil; #E10521), measured, and weighed, and blood
was drawn through the caudal vessels using heparinized syringes.
Thereafter, the entire liver was removed to assess tissue injuries, as
described below. Whole blood was immediately used to obtain the
complete blood count.

2.4. Histological liver analysis and complete blood count

Three portions of each liver (one from each lobe) were fixed in 10%
formaldehyde (Sigma-Aldrich, Sao Paulo, SP, Brazil; #HT501128), de-
hydrated and embedded in Histosec blocks. Once the blocks were ob-
tained, slices of 5-um sections from each sample were taken. An interval
of 150-um between liver sections was used to avoid evaluating the same
sections (lobe). From each block, six sections (2 for each lobe) were
stained with periodic acid-Schiff (PAS) stain, and five randomly se-
lected fields of each section were observed and photographed using a
Leica DM 2500 microscope. Each randomized field corresponded to
46,800 pm? (260 pm X 180 pm) and the number of hepatocytes were
counted within this respective area. Thereafter, we measured the length
and width of each hepatocyte including the cytoplasm and nuclei se-
parately. The cytoplasm and nucleus areas of hepatocytes were mea-
sured using Leica QWin image processing and analysis software.

Total blood cell counts were performed manually with an improved
Neubauer hemocytometer using a formaldehyde citrate buffer as a di-
luent. A small drop of whole blood was smeared on a microscope slide
using a smearing slide (cover glasses: 24 x 50 mm) and stained with
May-Griinwald Giemsa (Rosenfeld, 1947) to determine the total red
(RBC) and white blood cell (WBC) and thrombocyte counts. The blood
cell types were classified following the methods of Hrubec et al. (2000)
and the total cell counts were performed via the indirect method, and
2000 cells were quantified. The RBC, WBC and thrombocyte percen-
tages were multiplied by the total blood cell count from the hemacyt-
ometer to determine the RBC, WBC and thrombocyte absolute counts.

2.5. Statistical analysis

The experiment was conducted with a completely randomized de-
sign. The data were analyzed for normality (Cramer-von Mises) and
homoscedasticity (Brown-Forsythe). Thereafter, one-way ANOVA fol-
lowed by Duncan tests were performed to examine the differences.
P < 0.05 was the applied level of statistical significance in all of the
analyses. The values presented in the text and figures are the
means *+ 1 standard error of the mean (SEM).

2.6. Animal welfare statement

This research adhered to the Ethical Principles in Animal Research
adopted by the National Council for the Control of Animal
Experimentation - Brazil (CONCEA). The experimental procedures were
approved by the Ethical Committee for Animal Research (CEUA - pro-
tocol 005019-09).

3. Results
All females and males successful spawned and spermiated, respec-

tively. Between 24 and 48 h after spawning, one male and one female
died. Between 48 and 72h after spawning, three females died. At the
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Fig. 1. Representative photomicrographs (longitudinal sections) of a matrinxa liver during induced spawning. Periodic acid-Schiff (PAS) staining. A: Before spawning
induction (initial). B: Immediately after spawning. C: 72h after induced spawning. Cytoplasm (c); vacuoles (v) and vacuolated hepatocytes (O).
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Fig. 2. Nuclear (A) and cytoplasmic (B) areas of the hepatocytes in matrinxa breeders before (initial; N = 6), immediately after (N = 6) and 72h after induced
spawning (N = 4). The different letters indicate differences among samplings (P < 0.05). The values are presented as the means * 1 standard error (SEM).

Fig. 3. Longitudinal sections of matrinxa livers immediately after induced spawning. Periodic acid-Schiff (PAS) staining. A: Female; B: Male. Vacuoles (v) and

vacuolated hepatocytes (O).

initial sampling, the livers of matrinxa exhibited sparse vacuoles and no
significant abnormalities (Fig. 1A). However, after induced spawning,
we observed an increase in cytoplasm area (Fig. 1B and 2B) that de-
creased 72h later (Fig. 1C and 2B). At 72 h, the nuclei of the hepato-
cytes were hypertrophied with pyknotic and irregular nucleus char-
acteristics (Fig. 1C and 2A). In general, we observed hypertrophy of the
hepatocytes, cellular disarray, and enlargements of the nuclei. After
induced spawning, the females exhibited a greater degree of hepatocyte
vacuolization than the males (Fig. 3). Immediately after induced
spawning, breeders had an increase in RBC number (approx. 20,000
cells) and a decrease in WBC number (approx. 2000 cells) compared to
the initial condition (Fig. 4; P < 0.05). The thrombocyte number was
significantly lower immediately after spawning compared with the
number at the initial sampling and did not return to the initial values
72 h later (Fig. 4).

4. Discussion

Several aspects of artificial reproduction in fish have been well

documented such as neuroendocrine control, fecundity, gametogenesis,
cryopreservation, and the efficacy of hormonal therapy, being the
major concerns placed on the quality of the progeny and reproductive
performance (Criscuolo-Urbinati et al., 2012; De Souza et al., 2015;
Imanaga et al., 2014; Kuradomi et al., 2016; Mylonas et al., 2010; Tyler
and Sumpter, 1996; Zohar et al., 2010). However, little research has
been published focusing on the effects of induced spawning on breeders'
health. Moreover, the deleterious effects of this process have been
treated as speculative. Here, we found that the overall procedure to
induced spawning including handling and injection caused a critical/
intense overload of the liver, increased red blood cell counts, and de-
creased white blood cell and thrombocyte counts. Taken together, these
results confirm the side effects of induced spawning on breeders' and
may assist to explain the mortality observed after this procedure.
Although the method applied to induce spawning in this study
(hypophysation) may be primitive in its approach, it is still widely
practiced in several species (Arantes et al., 2011; Criscuolo-Urbinati
et al., 2012; dos Santos et al., 2013; Su et al., 2013), especially in de-
veloping countries or remote areas where access to purified hormones is
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limited (Zohar and Mylonas, 2001). Moreover, while large commercial-
scale applications of gonadotropin-releasing hormone (GnRHa) to in-
duce spawning have been carried out mainly in salmonids and in many
other species, there is still a need for further development of species-
specific GnRHa including the species target of this study (Mylonas and
Zohar, 2001). Thus, the profile of the results found in this study could
be shared with a wide range of aquaculture species.

The liver plays a key role in fish homeostasis, as we discussed
previously, and injury to the liver can have severe/substantial con-
sequences on the health status of fish (Faught and Vijayan, 2016; Karim
et al,, 2011; Moon, 2004). Our results revealed hypertrophy of the
hepatocyte nuclei 72 h after induced spawning, which indicates an in-
crease in hepatocytes activity (Haux and Norberg, 1985; Zaroogian
et al.,, 2001). This increment was necessary to cope with the overall
intense processes that occurred during spawning, such as new protein
synthesis, stress responses and the clearance of the sex steroids that are
secreted due to hormonal therapy stimulation and the hormones of the
pituitary extract.

We observed vacuoles in the cytoplasm of the hepatocytes after
induced spawning, and vacuole formation was more pronounced in
females. The cytoplasm of hepatocytes contains lipid and glycogen,
which are related to the normal metabolic functions. Depletions of
glycogen in the hepatocytes are typically observed in stressed animals
(Hinton and Laurén, 1990) because glycogen acts as a glucose reserve
used to meet the increased energetic demands in such situations. We
suggest that liver glycogen was intensely depleted due to the energy
required for final gonad maturation as well the stress of the overall
procedure of induced spawning, inducing vacuoles in the cytoplasm.
Although it is unclear to what extent these alterations were caused by
stress (handling) or by hormonal induction, we mainly attribute liver
alterations to the administration of the pituitary extract, because: (1)
Females were treated twice, whereas the males were treated only with a
single dose, and this difference helps to explain the more extensive
vacuolization in the females. The females might also have naturally
responded more intensely than the males because the completion of
final oocyte maturation demands more energy. Additionally, the pi-
tuitary extract almost instantly stimulates vitellogenesis via estradiol

spawning
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Fig. 4. Total red blood cell (RBC - A), total white
blood cell (WBC - B) and thrombocyte (C) counts in
the matrinxa breeders before (initial; N = 6), im-
mediately after (N =6) and 72h after induced
spawning (N = 4). The different letters indicate dif-
ferences among samplings (P < 0.05). The values
are presented as the means = 1 standard error
(SEM).

After 72 h after
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(Levi et al., 2009; Palstra et al., 2010). Vitellogenesis has been shown to
affect liver metabolism and increase glycogen depletion (Arukwe and
Goksoyr, 2003; Schwaiger et al., 2000; Zaroogian et al., 2001). (2) The
liver alterations observed in this study, including hypertrophy of the
hepatocytes and enlargement of the cell nuclei accompanied by re-
ductions in glycogen deposits, are clear symptoms of intoxication (van
der Oost et al., 2003; Wolf and Wolfe, 2005). This is not likely asso-
ciated with the stress of the handling during induced spawning due to
the severity of liver alterations. Similar alterations are common when
fish are exposed to endocrine-disrupting chemicals, xenobiotics or
polluted areas (Liang et al., 2014; Zha et al., 2007; Zhang et al., 2008).

Pituitary extracts contain various compounds that affect liver
function, such as growth hormone (GH), thyroid-stimulating hormone
(TSH), adrenocorticotropic hormone (ACTH), follicle-stimulating hor-
mone (FSH) and luteinizing hormone (LH), and thus might have caused
liver alterations/intoxication. Furthermore, during induced spawning,
the fish lost the natural capacity for regulation via a “feedback” me-
chanism because they received an unexpected “bomb” of hormones.
Here, we provided evidence that the use of exogenous hormones to
induce spawning impairs breeders, specifically breeders' livers, whereas
this process was previously only suspected of causing side effects
(Okamura et al., 2014; Zake$ and Demska-Zakes, 2009). As our report is
a descriptive study, additional research needs to be performed to
clarify/isolate the effects of the pituitary extract on the immune re-
sponse and hepatic tissue. Furthermore, investigations of energy me-
tabolism/mobilization in breeders during induced spawning are also
desirable because fish in captivity need to handle with an extra amount
of energy in the body that normally is used for the migration process in
natural conditions. This energy reserve could also highlight the liver
alterations observed here.

Induced spawning has also been shown to increase plasma glucose
and decrease the leukocyte respiratory burst as consequences of the
stress and to promote an intense epithelial loss [see Zanuzzo et al.,
2015]. In corroborating these findings, we found that induced spawning
increased the RBC and decreased the WBC and thrombocyte count,
changes which are often used as indicators of stress (Barton and Iwama,
1991; Wendelaar Bonga, 1997). Indeed, during induced spawning, the
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fish were captured, transported, held, and stripped, which caused stress
and impaired the immune system. However, immunosuppression may
also be indirectly associated with the hormonal therapy because pi-
tuitary hormones, such as FSH and LH, stimulate the release of sex
steroids, which may cause immunosuppression (Cabas et al., 2012;
Watanuki et al., 2002). Taken together, these outcomes show that in-
duced spawning causes stress, immunosuppression, and decreases
physical protection (Zanuzzo et al., 2015) which jointly with a con-
gested and imbalanced liver condition could explain the high mortality
observed in this species.

Fish thrombocytes are functionally equivalent to mammalian pla-
telets and play a significant role in hemostasis (Jagadeeswaran et al.,
1999). Decreases in thrombocyte counts may be associated with the
skin injuries that occur during induced spawning [see Zanuzzo et al.,
2015], which suggests that the migration of bloodstream thrombocytes
to the site of healing is triggered by hemostasis. However, this process
could result in a net reduction in the overall thrombocyte number de-
spite the fact that the thrombocyte numbers are typically elevated by
stress (Casillas and Smith, 1977; Frisch and Anderson, 2000). Finally,
although hemostasis events are well known in fish (Lang et al., 2010),
to our knowledge, this study provides the first functional evidence of a
reduction in circulating thrombocytes associated with the skin injuries
caused by aquaculture operations.

Methodologically, studies of artificial fish reproduction in aqua-
culture are characterized by small sample sizes because it is difficult to
obtain large numbers of breeders and facilities that can handle and
maintain them (Chapman and Seidel, 2008; Migaud et al., 2013). Be-
cause of this reason, in this study it would be impractical to sample
additional control groups immediately after spawning and after 72 h
(non-injected animals or sham-injected). However, we aimed to in-
vestigate the effects of the overall handling required to induce
spawning and our results clearly show and confirm that the procedure
used to induce spawning using pituitary extracts impaired the health
condition of the fish.

Based on the above statements and despite these methodological
questions, our findings provide valuable information and are relevant to
producers and researchers. They may aid in the identification of
methods to ameliorate the negative effects of the procedure as well the
development of further treatments for the symptoms. Moreover, our
results raised important issues about induced spawning, including the
following: (1) the improvement of breeder immunity/health via im-
munostimulants as recently investigated by Zanuzzo et al. (2015) may
assist in the prevention of diseases and/or mortality; (2) the identifi-
cation of the most appropriate GnRHa in a species-specific manner to
avoid the pituitary extracts; (3) the establishment of minimum and
optimal treatment doses for each species; (4) the development of new
protocols to reduce the excessive use of exogenous hormones as sug-
gested in some reports (Ibarra-Castro and Alvarez-Lajonchere, 2009;
Kagawa et al., 2013; Kuradomi et al., 2017; Migaud et al., 2013;
Okamura et al., 2014) and confirmed by Sink et al. (2010), who iden-
tified the optimal temperature for hormonal therapy; and (5) efforts to
develop natural methods and spontaneous spawning. These points are
crucial for the development of sustainable aquaculture (Migaud et al.,
2013).
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