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ABSTRACT
The aim of this study was to describe the ontogeny of thyroid follicles in cobia Rachycentron canadum.
Larvae were sampled daily (n=15 - 20) from hatching until 15 dah (days after hatching). Following, larvae
were sampled every two days by 28 dah; a new sample was taken at 53 dah. The samples were dehydrated,
embedded in Paraplast, and sections of 3 um were dewaxed, rehydrated and stained with HE and PAS.
A single follicle was already present 1 dah and three follicles were found 8 dah. The number of follicles
increased up to 19 on 53 dah. The diameter of follicles and follicular cell height were lower 1 dah (6.83 +
1.00 and 4.6 £ 0.01 um), but increased from 8§ dah (24.03 + 0.46 um e 6.43 £ 0.46 pm). From § dah, the
presence of reabsorption vesicles was observed in the colloid and from the 19 dah some follicles did not
present colloid. The early thyroid follicle appearance in cobia larvae as well as the high quantity of follicles

without colloid and/or with vesicles even after the metamorphosis, might be the explanation of the fast

growth of the cobia.
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INTRODUCTION

The cobia Rachycentron canadum (Linnaeus 1766)
is a marine, pelagic species, with migratory habits
and wide distribution in tropical and subtropical
waters of the Atlantic, Pacific and Indian Oceans
(Shaffer and Nakamura 1989). Cobia is considered
a promising candidate for aquaculture due to its
high growth rates, reaching 4 to 6 Kg within a
year in captivity (Benetti et al. 2008, Sampaio
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et al. 2011). In this way, several researches were
conducted in order to improve the rearing techniques
such as: nutritional requirements (Fraser and Davies
2009), reproduction and larval rearing (Liao et al.
2004, Faulk and Holt 2005), effects of nitrogenous
compounds and salinity (Resley et al. 2006,
Rodrigues et al. 2007, 2011) and the use of immu-
nostimulants and vaccines (Leafio et al. 2003, Lin
et al. 2006).

The thyroid tissue in fish, through their iodine
products, thyroxine (T4) and triiodothyronine (T3),
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exert direct influence on fish metabolism, growth,
and metamorphosis (Brown and Bern 1989). A
marking example of thyroid hormones’ (THs)
influence is observed during flatfish metamorphosis,
where symmetrical pelagic larvae transform into a
benthonic asymmetrical juvenile. The eye migration
and the development of the digestive tract are
morphological alterations under TH control (Inui
and Miwa 1985, Pinuela et al. 2004). Other than
that, the THs also have primordial role on survival,
growth, and development of fish larvae that do not
have such a marked metamorphosis (Lam 1980,
Urbinati et al. 2008).

The synthesis of TH takes place in the thyroid
follicles, under control of the thyroid-stimulating
hormone (TSH) released by the pituitary (Baker
1964, Eales and Brown 1993, Yamano 2005). These
follicles are the functional unit of the thyroid gland
and are composed by a unique layer of follicular
cells, which in turn, produce a colloidal lumen rich
in thyroglobulin (Tg). The follicular cells absorb
the Tg in order to produce THs (Takashima and
Hibiya 1995).

A relationship between thyroid follicle
morphology and its activity has been postulated
by Tanaka et al. (1995). Evidence of high follicle
activity for Paralichthys olivaceus and Solea
senegalensis include an increasing number and
size of the follicles, the change of cell shape from
ovoid to cubic or cylindrical, and the presence
of reabsorption vesicles in the colloid. These
characteristics of high cell activity were observed
during the metamorphosis period, coinciding with
increasing levels of plasmatic THs (Delgado et al.
2006, Einarsdottir et al. 2006).

In light of the above, the knowledge of
ontological alterations of the thyroid may enable a
better understanding on the role of this tissue for
larval cobia development. Studies dealing with
organs and tissue development during the early
life history of cobia are scarce, and mainly focus
on the digestive tract development (Faulk et al.

An Acad Bras Cienc (2014) 86 (3)

2007, Salze et al. 2011). The aim of this study is to
describe the thyroid follicle development in cobia
larvae and juvenile.

MATERIALS AND METHODS
LARVAL REARING

Cobia larvae were produced at Aqualider Ltda.,
Pernambuco, Brazil, according to the protocol pro-
posed by Benetti et al. (2008) with modifications.
Newly hatched larvae were stocked in a fiberglass
tank (12,000L) at the density of 15 larvae L™!. The
tanks were kept in a flow through system with
a water exchange rate of 500% per day. Water
temperature was kept at 29.5 + 0.3°C and salinity
at 35. Oxygen concentration and pH were 6.5 mg
0, L and 8.09 + 01, respectively.

Larvae were first fed 2 dah exclusively on
rotifers (Brachionus plicatilis). Prey density was
kept at 5 rotifers mL'until 6 dah. Beginning 7
dah, enriched rotifers were offered to the larvae
along with Artemia nauplii (prey density of 0.1
and 1.0 nauplii mL'). While larvae were fed
on rotifers, the green water technique was used
adding the microalgae Nannochloropsis oculatta
at the density of 15x10% cells mL™!. The use of
rotifers was discontinued 9 dah, thereafter larvae
were fed exclusively on Artemia nauplii for
two days. Enriched Artemia were first offered
11 dah and larvae were co-fed on a commercial
diet (NRD, Inve, USA — 59% protein, 16%
lipids) from 16 dah onwards until weaning was
completed 28 dah.

SAMPLING AND HISTOLOGICAL ANALYSIS

Cobia larvae (n= 15 to 20) were sampled, euthanized
in anesthetic (Aqui — S, Lower Hut, New Zealand) at
30ppm, and immediately fixed in 20% v/v buffered
formaldehyde (pH 7.2). Samples were taken daily
from recently hatched larvae (0 dah) until 15 dah,
and after that period every two days until 28 dah.
A juvenile sample was taken 53 dah.
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Prior to the histological processing, the fixed
larvae had their total length measured under a
stereoscopic microscope (Wild M5A-Heerbrugg-
Switzerland) with a micrometric ocular. Fish larger
than 12 mm were measured with a digital caliper.
Larvae were dehydrated in a graded series of
ethanol and xylol in an automatic tissue processing
(LUPE PT 05 - Lupetec - Sao Carlos - Sdo Paulo
- Brazil), embedded in Paraplast® (McCormick
Scientific - St. Louis - Missouri - USA) and
sectioned 3 pum in a microtome (LUPE MRP
03 - Lupetec - Sdo Carlos - S@o Paulo - Brazil).
The sections were stained with hematoxylin and
eosin or with PAS and examined for the presence
of thyroid follicles using a light microscope
(OlympusBX 45 - Olympus America Inc. - Center
Valley - Pennsylvania - E.U.A.) coupled to a digital
camera (Olympus DP 72 — Olympus America Inc.
- Center Valley - Pennsylvania - USA) to capture
images. The number of cells in the follicles, and

their diameter and height were measured through
an integration ocular with 0.01 pum intervals in a
400x augmentation according to Weibel (1980).

RESULTS

THYROID FOLLICLES DEVELOPMENT

The histological analysis revealed that the thyroid
follicles were individually dispersed under the
pharynx, adjacent to the ventral aorta and near the
insertion of the branchial arcs (Fig. 1). The first
evidence of thyroid follicle formation in cobia
larvae was observed on the 1 dah (24 hours after
eclosion). This structure was composed by a unique
thyroid follicle formed by a layer of plane epithelial
cells, which surrounded a colloidal lumen (Fig. 2).
The number of follicles increased progressively
with larvae age, indicating three follicles at the 8
dah, six follicles 10 dah, seven follicles 14 dah, 11
follicles 19 dah, 18 follicles were counted at the 23
dah and 19 were observed at 53 dah (Table I).

Figure 1 - Thyroid follicles in R. canadum larvae at 23" dah (F - follicle, A- aorta). (Bar = 200 um). Section was stained with
Haematoxylin-Eosin.
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stained with Haematoxylin-Eosin.

TABLE I
Diameter (nm), epithelial cell heights (um) of follicular cell and
number of follicles in Rachycentron candum larvae and juveniles.

Number of follicles

DAH Diameter (pum) Epithelial cell height (um) per larvac (um) Mean larvae total length (mm)
1 6.83+1.0 4.60+0.01 1 3.8+0.04
2% 15.00 4.00 4.1+0.05
4% 15.80 4.00 1 4.4+0.05
5% 21.60 4.50 1 4.8+0.20
8 24.03+4.19 6.43 +0.46 3 65+1.7
10 27.90 +0.30 7.90 £+ 0.40 6 7.6+0.1
14 30.87 £0.76 9.03 £0.59 7 16.1+£0.6
19 36.53 £ 1.01 10.00 £ 0.17 11 24.0+1.0
21 44.90 +0.66 10.23 £0.30 15 29.8+2.17
23 47.13 +£0.30 9.87+0.29 18 34.7+1.19
28 77.90 £ 0.46 9.73 £0.06 18 452 +2.31
53 80.57 £ 0.97 9.80+£0.10 19 154.0+4.6

“Follicle was found in only one larvae. At least 3 larvae per sampling day had their follicle measured.

On the 8" dah an epithelial cell differentiation
into cuboid was observed with the presence of
small reabsorption vesicles in the colloid (Fig. 3),
which were more evident 19 dah. No colloid was
observed in some follicles 19 dah. In the 23
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dah, the colloids presented high concentration of
reabsorption vesicles (Fig. 4).

The follicle diameter and follicular cell
height increased concomitant with larval growth.
The diameter of the thyroid follicle at the 1% dah
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Figure 3 - Thyroid follicles in the R. canadum larvae with 8" dah (C — collid, Arrow — reabsorption vesicles). (Bar = 20 pm).
Section was stained with Haematoxylin-Eosin.
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Figure 4 - Thyroid follicles in R. canadum juveniles at 23" dah (C — colloid, FE — follicle epithelium, arrow — reabsorption vesicle.
(Bar =20 um). Section was stained with Haematoxylin-Eosin.
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measured 6.83 + 1.0 um, and 8 dah they reached
24.0 =+ 0.4 um. For older cobia (53 dah), the
diameter of the follicles reached 80.57 + 0.9 pm
(Table I). The follicular epithelial cell height at
the 1% dah was 4.6 = 0.01 um, 6.43 + 0.46 um at
8 dah and reached 10.23 £ 0.3 um at 21 dah, with
no further increment (Table I).

Fish sampled at the 53" dah presented follicles
with the same morphological characteristics observed

in the 23" larvae follicles, which were the presence
of numerous vesicles and some follicles without
colloid (Fig. 5).

DISCUSSION

The thyroid gland in birds, reptiles and mammals
is an organ anatomically recognized. In mammals
and in human beings, the thyroid is located in the
anterior region of the neck with two lobules well

Figure 5 - Development of thyroid tissue in the R.canadum juveniles at 53" dah (FC — follicle with colloid, FWC — Follicle without
colloid, VA — Ventral aorta) (Bar = 200 pm). Insert: Augmentation of the rectangle (RV — reabsorption vesicle) (Bar = 20 pum).
Section was stained with Haematoxylin-Eosin.

defined and an isthmus that connect them, bordered
by a fine connective tissue capsule (Decuypere et al.
2005, Salgado et al. 2011). In fish, the thyroid is not
macroscopically recognized but present scattered
thyroid follicles (Gorbman et al. 1983). Anatomically
the thyroid tissue in teleost fishes is composed by
several follicles, which can be found near the ventral
aorta and to the arterial bulb (Santamaria et al. 2004,
Delgado et al. 2006) and in the insertion of the
branchial arch (Einarsdottir et al. 2006), as was also
observed for cobia in the present study.
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The first thyroid follicle is observed during
the larval development of marine fish. However,
the moment of appearance varies among species.
According to Tanaka et al. (1995) fish can be
categorized, according to the moment of thyroid
follicle appearance, into an early appearance
group in which thyroid follicles are differentiated
at hatching and a late-appearance group in which
differentiation of the thyroid occurs at the time of
complete yolk reabsorption. The former group is
mainly composed of species with demersal eggs
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and/or ovoviviparous species, and the latter of
species with pelagic eggs. In Dentex dentex, the
first follicle was detected before mouth opening
(3 dah) (Santamaria et al. 2004). In Sciaenops
ocellatus it occurs before the complete yolk
consumption (3 dah) (Dominguez and Holt 2006),
for Sparus aurata at 4 dph (Power 2001) and for S.
senegalensis the first follicles were also observed
on the first feeding (4 dah) (Delgado et al. 2006).
For cobia, the first follicle was observed before
the first feeding on the 1% dah, being, as far as we
know, the only studied pelagic species with an
early thyroid follicle development. The thyroid
follicle appearance during the transition of the
endogenous feeding to the exogenous is essential
for the synthesis of its own THs, because during
the embryonary development and during the yolk
sac absorption the THs are from maternal origin
(Tagawa and Hirano 1987, 1990, Tanaka et al.
1995, Yamano 2005, Delgado et al. 2006).

It was observed by Einarsdottir et al. (2006)
in Hippoglossus hippoglossus that with larval
development, the number of thyroid follicles
increase and the colloid volume decreases. The
authors attributed this phenomenon as indicative
of the thyroid tissue activity. In human beings
the colloid secretion and reabsorption are also
indicative of thyroid activity (Sommers 1977).
Besides that, larvaec of S. senegalensis show
vacuoles in the colloid periphery, suggesting that
the thyroid is functional and apt to secrete THs
(Delgado et al. 2006). In this work, cobia larvae
with 8 dah presented vacuoles in the colloid
suggesting its activity. However, the follicles
displayed activity from 19 dah onwards, since
during this period, a higher number of follicles, and
a larger concentration of vesicles in the periphery
with smaller colloid volume were noted.

The increase in the follicular cell height and
the follicle size are also characteristics that can
be used to correlate the thyroid activity and the
metamorphosis process. Klaren et al. (2008)

observed an increase in the follicular cell height
for pre-metamorphic S. senegalensis (12" dah),
whereas, Delgado et al. (2006) studying the same
species evidenced the increase in the follicles size at
the beginning of metamorphosis. On the other hand,
the same authors reported that the follicle number
and the follicular cell height in S. senegalensis
remained constant and decreased, respectively
after metamorphosis was completed. In this study,
thyroid follicles of cobia larvae showed the same
pattern described for S. senegalensis.

Considering the influence of the thyroid tissue
on fish growth and metabolism, it can be suggested
that the early appearance of thyroid follicles in
cobia larvae, as well as the high quantity of follicles
without colloid and/or with vesicles even after the
metamorphosis, such as found for cobia juveniles
at the 53" dah, might be the explanation for the fast
growth of cobia.
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RESUMO

O objetivo deste estudo foi descrever a ontogenia dos
foliculos da tiredide em Rachycentron canadum. Larvas
foram coletadas diariamente (n= 15 — 20) desde a
eclos@o até 15 dae (dias apds eclosdo). Posteriormente
foram coletadas a cada dois dias até o 28 dae; uma nova
amostragem ocorreu aos 53 dae. As larvas foram desi-
dratadas e emblocadas em Paraplast ¢ sec¢des de 3 pm

foram desparafinadas, reidratas e coradas com HE e
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PAS. Um foliculo estava presente ao 1 dae e trés foram
encontrados aos 8 dae. O numero de foliculos aumentou
até 19 aos 53 dae. O diametro dos foliculos e a altura das
células foliculares foram menores ao 1dae (68,3 + 1,00 ¢
4,6 0,01 um), mas aumentou a partir do 8 dae (24,03 +
0,46 um e 6,43 + 0,46 um). A partir do 8 dae a presenca
de vesiculas de reabsor¢do foi observada no coldide e
a partir de 19 dae alguns foliculos ndo apresentaram
coloide. O surgimento precoce do foliculo da tiredide
no bijupira assim como a grande quantidade de foliculos
sem coldide e/ou com a presenga de vesiculas mesmo
apos a metamorfose podem ser a explicagdo do rapido

crescimento da espécie.

Palavras-chave: coloide, foliculos, larvas, metamorfose,
tecido tireoideano.
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