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ABSTRACT

Histopathological examination is a widely acknowledged technique to assess the reproductive health of aquatic
organisms, but it has never been applied to the tunicate Styela plicata, a potential indicator species of water quality.
In this study, we examined the oocyte differentiation of S. plicata obtained from the eastern coast of the Gulf of
Thailand in order to provide basic information for future assessment of its reproductive health. The mature gonad
of S. plicata comprised several ovo-testicular convoluted tubes, in which each tube was divided into apical and
terminal portions. The ovarian tissue is located in the apical part of the tunicate body and contained oocytes of various
differentiation stages (asynchronous development type) consisting of the four phases namely oogonial proliferation
phase, primary growth phase, secondary growth phase (secondary growth and full-growth stages), and post-ovulatory
phase. Changes in the morphology of oocytes and follicular cells were described for each differentiation stage. In
addition, we unexpectedly observed a high prevalence of atretic follicles (24.5%), which might indicate the oocyte
damage by environmental stresses. These findings would be useful for future assessment of reproductive histology of
S. plicata and other tunicate species from environmental perspectives.
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ABSTRAK

Pemeriksaan histopatologi adalah teknik yang telah diakui secara meluas untuk menilai kesihatan reproduktif
organisma akuatik, namun teknik ini tidak pernah digunakan untuk mengenal pasti Styela plicata iaitu sejenis
spesies yang berpotensi untuk menjadi penunjuk kualiti air. Dalam kajian ini, kami mengkaji pembezaan oosit S. plicata
vang diperoleh dari pantai timur Thailand sebagai maklumat asas bagi penilaian tahap kesihatan reproduktif pada
masa hadapan. S. plicata yang matang gonad terdiri daripada beberapa tiub berlingkar ovo-testikular dengan setiap
tiub dibahagikan kepada bahagian apeks dan hujung. Tisu ovari terletak di bahagian apeks daripada badan tunikat dan
mengandungi oosit daripada pelbagai peringkat pembezaan (jenis pembangunan asingkroni) yang terdiri daripada
empat fasa iaitu fasa percambahan oogonial, fasa pertumbuhan primer, fasa pertumbuhan sekunder (pertumbuhan
sekunder dan peringkat pertumbuhan penuh) dan fasa pasca ovulasi. Perubahan dalam morfologi oosit dan sel folikel
diterangkan untuk setiap tahap pembezaan. Di samping itu, kami secara tidak sengaja telah mencerap prevalensi
folikel atretik yang tinggi (24.5%), yang mungkin menunjukkan kerosakan oosit oleh tekanan daripada alam sekitar.
Penemuan ini dapat digunakan untuk penilaian masa akan datang mengenai histologi pembiakan S. plicata dan
spesies tunikat yang lain daripada perspektif alam sekitar.

Kata kunci: Askidia; histologi; pembiakan,; Styela plicata, Thailand

INTRODUCTION decline (Adams 2002; Dietrich & Krieger 2009; Hinton

Histopathology is a powerful tool for evaluating animal
health status and provides early warning of environmental
risks (Fatma 2009). This technique has been extensively
used to investigate vital changes in many tissues
and organs, especially in the reproductive system, the
dysfunction of which directly leads to a population

et al. 2001). In particular, the reproductive system of
aquatic organisms is sensitive to environmental changes,
thus, many studies have employed histopathology
for detecting adverse effects of various compounds in
laboratory experiments (Spano et al. 2004; Tillitt et al.
2010) as well as in field investigations (Johnson et al. 2009).
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The histological assessment achieved earlier success in
clarifying the reproductive states of various female fish
(Blazer 2002; Tyler & Sumpter 1996; West 1990) and
now is being extended to other aquatic chordates as a
means to widely assess environmental impacts on aquatic
organisms as a whole.

Tunicates, also known as sea squirts and ascidians,
are marine animals belonging to the subphylum
Urochordata (phylum Chordata). Tunicates are recognised
as free-living organisms inhabiting either in sand or mud,
or attached to stones, rocks, and other solid substrates.
They are considered as a group of potential indicator
species of water quality because they accumulate a
high amount of pollutants such as heavy metals through
filter-feeding (Bellante et al. 2016). It is known that
tunicates are hermaphroditic and oviparous organisms
(Ogura & Sasakura 2013; Satoh 1994), but there is still
limited knowledge of histological structure and oocyte
differentiation, which is useful for histopathological
assessment of environment.

The ascidian Styela plicata (Order Stolifobranchia:
Family Styelidae) is a tropical to temperate tunicate
species widely distributed along the coast of the Gulf of
Thailand. The reproductive histology and gametogenesis
of this species have been relatively well-investigated
among tunicates (Bawab et al. 2012; Kawamura et al. 2011;
Villa & Patricolo 2000). In the present study, we attempted
to further expand the knowledge by describing the
oocyte differentiation of S. plicata using histochemical
techniques. Typically, oocyte differentiation in tunicates
takes place in apical region of the gonadal convoluted
tube (Cloney 1990; Kessel 1966, 1983; Manni et al.
1993; Reverberi 1971) and is classified into four stages
based on the size and histological structures (Manni et al.
1995, 1994). We also reported our unexpected finding of
high prevalence of atretic follicles in our samples, which
might be indicative of health problem of S. plicata in the
ecosystem of the eastern Thailand.

MATERIALS AND METHODS

Styela plicata (n = 30) specimens were collected in May
2015 from three main stations (Chonburi, Rayong, and
Chanthaburi provinces) located in the eastern coast of
the Gulf of Thailand. All samples were euthanised by a
rapid cooling shock and fixed in 4% paraformaldehyde at
4 °C followed by assessment of the ovarian structure. The
fixed tissues were dehydrated and embedded in paraffin
by conventional histochemical techniques. Serial sections
of 4 um thick were cut in the sagittal plane. The serial
longitudinal and cross sections were then stained with
Masson’s trichrome (MT), periodic acid-Schiff (PAS) and
cresyl violet (CV) (Bancroft & Gamble 2002; Dietrich &
Krieger 2009). The ovarian structure and oogenesis were

observed and photographed with a Nikon TE2000-U
microscope. The proportion of penetrated oocytes were
calculated from three sections per samples (about 50 cells
per section, 10x) and represented as a percent proportions.

RESULTS AND DISCUSSION

OVERALL HISTOLOGICAL AND HISTOCHEMICAL
OBSERVATIONS OF THE OVARY AND OOGENESIS

Both testicular and ovarian tissues were found in a single
S. plicata individual (Figure 1(A)). This is in accordance
with the previous observations that this tunicate is
hermaphrodite (Ogura & Sasakura 2013; Satoh 1994).
In the MT staining, the strongly stained testicular tissue
was separated from ovarian structures by a thin layer of
connective tissue. The ovarian tissue was located mainly
in the apical portion, whereas the testicular tissue was in
the terminal portion. Similar histological characteristics
have been reported for several other ascidians (Bawab
et al. 2012). Several convoluted ovarian tubules were
observed, which were covered by a thin layer of germinal
epithelium (Figure 1(B)). The oocyte development
patterns were similar throughout the ovary. Oocytes at
several different developmental stages were observed in
a single individual, indicating that the tunicate specimens
analyzed in this study have an asynchronous type of
ovary development (Figure 1(C) & 1(F)). These results
suggested that S. plicata has a protracted spawning period
with multiple spawning (Mukai 1977), as similarly seen
in Halocynthia hilgendorfi ritteri (Choi et al. 2004).
Based on the histological features, oocyte differentiation
stages were classified into four phases including oogonia
proliferation phase, primary growth phase, secondary
growth phase, and post-ovulatory phase. Follicle cells of
each egg were attached to a vesicular structure (follicle
stalk; Figure 1(D) & 1(E)) as reported in botryllid
ascidians, Botryllus primigenus, B. schlosseri, Botrylloides
violaceus and Bo. leachi (Mukai 1977). The follicle stalk
was a simple layer of epithelial cells with a proposed role
of supporting the ovulated oocyte before entering the
branchial and atrial cavities (Mukai 1977). The finding of
atretic follicles was the first for this species as shown in
Figure 1(B) & 1(C).

OOGONIA PROLIFERATION PHASE

The oogonia proliferation phase is the first phase of
oocyte development, in which oogonia are differentiated
from primordial germ cells (Mukai & Watanabe 1976).
Being about 3.6% of all oocytes observed in this study,
oogonia had the smallest cell size of about 20 to 25 pm in
diameter. Oogonia were oval shaped with a single nucleus
located near the germinal epithelium (Figure 2(A)) as
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reported in other ascidians (Manni et al. 1994; Sugino et from free cells in the hemocoel and differentiated into

al. 1990). Oogonia were surrounded by pre-follicular cells ~ follicle cells (Mukai & Watanabe 1976).
(Figure 2(A) and 2(B)), which were probably originated
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FIGURE 1. Light photomicrograph (A-D) and schematic diagrams (E, F) of the ovarian
structure of Styela plicata: (A) Ovarian tissue (Ov) mixed with testicular structures (Tes), and
(B-F) differentiating oocytes was identified in the ovary: oogomia (Og), oocytes at the primary

growth stage (Ps), early secondary growth stage (Ess), late secondary growth stage (Lss),
fully-grown oocyte stage (Fgo), and post-ovulatory oocyte (POF)
CNT = connective tissue, Fc = Follicular stalk, Ge = germinal epithelium, Oc = oocyte, Oct =
ovarian convoluted tubule, Ov = ovarian tissue. Staining methods: (A) Masson’s Trichrome
(MT) staining, (B, D) Periodic acid schiff (PAS) staining, (C) = cresyl violet (CV) staining

PRIMARY GROWTH PHASE proportion of the oocytes in this phase was 8.6%. Each
Oocytes in the primary growth phase was bigger than c§ll was compqsgd of a central nucleus (about 50 pm in
those in the oogonia proliferation phase, being about ~ diameter) containing a single nucleolus of about 5 to 8 um.
50 to 70 pm in diameter (Figure 2(A) and 2(B)). The  Heterochromatin was observed within the nucleoplasm. A
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strong basophilic staining was observed in the cytoplasm
(Figure 2(A), possibly indicating the intense RNA synthesis
coupled with ribosome production to support the oocyte
development (Wallace & Selman 1990).

SECONDARY GROWTH PHASE
The secondary growth phase of oocyte development was
further classified into the early secondary growth stage
(Ess), late secondary growth stage (Lss) and full-grown
oocyte stage (Fgo).

The oocyte size increased to about 100 to 120 um
in Ess and oocytes in this stage accounted to 11.2%. The
unique characteristic of this stage was a few spherical and
acidophilically stained yolk granules observed throughout
the ooplasm (Figure 1C). The yolk granules strongly
reacted with MT and PAS, indicating the presence of the
glycoprotein and mucopolysaccharides (Figure 2(C),
2(E) and 2(F)). The nucleus was eccentric and folded.
Test cells of about 5-8 um were observed in parallel to
the vitelline coat (V¢) (Figure 2(C) and 2(D)). Das (1936)
classified ascidian test cells based on their shape (large
eosinophilic cells, amoeboid cell, small eosinophilous
cell, spherical vacuolated cell, and a few granular cells);
however, only large eosinophilous cells and amoeboid
cells were observed in S. plicata under light microscope.
Test cells probably function as protein secreting cells to
produce the tunic matrix (Endean 1960, 1955; Zaniolo
1981), which may function as a part of the innate immune
system (Di Bella et al. 2011). The V¢ may be involved in
species-specific recognition of gametes (Honegger 1986).

Follicle cells completely surrounded the oocyte
in Ess. Follicle cells are composed of two sub-layers,
the inner follicle cell layer (IFC) and outer follicle cell
layer (OFC) (Figure 2(C) and 2(D)). The OFC with a
simple cuboidal epithelium and IFC with an elongated
shape were reported in botryllid ascidians, Botryllus
primigenus, B. schlosseri, Botrylloides violaceus, and
Bo. leachi (Mukai et al. 1987). Oocytes in the secondary,
but not the primary, growth phase were surrounded
by the OFC. This difference is likely correlated to yolk
accumulation during oocyte development since previous
works have also demonstrated correlation of flat OFC
with few small yolk granules in the oocyte (Manni et al.
1994, 1993; Mukai 1977; Sabbadin et al. 1992; Zaniolo
et al. 1987). Indeed, under the ultrastructural analysis,
high development of rough endoplasmic reticulum
(RER) cisterns, Golgi stacks and dense granules have
been observed in the OFC. These features suggest that
OFC is composed of protein-secreting cells that support
the production/synthesis of the yolk granule in ascidian
(Anderson & Albertini 1976; Manni et al. 1994, 1993). The
IFC has been known to contain RER vesicles and fibrillar
materials. IFC may play a role in controlling ovulation
and embryogenesis (Mukai et al. 1987).

Oocytes in the late secondary growth stage (Lss)
were about 150 pm in diameter as in the case of oocytes
in the Ess. However, Lss oocytes were different from
those in Ess in two characteristics, including more yolk
granule formations and the Balbiani’s body (Figure
2(G)). An oval, non-homogeneous structure observed
near the nucleus membrane was likely the Balbiani’s
body, as reported in some fish (Mayer et al. 1988; Wallace
& Selmann 1981). Balbiani’s body consists of organelles
including mitochondria and endoplasmic reticulum,
and is also rich in nucleic acids (Hamaguchi 1993) and
proteins (Wallace & Selmann 1981). The amoeboid cells
were also observed (Figure 2(G)). The proportion of
oocytes in this stage was 22.1%.

The Fgo oocytes had a diameter of 170 um and
accounted for 25% of all oocytes examined in this study.
Nuclei had an irregular shape and migrated to the
animal pole (Figure 2(G) & 2(H)). This phenomenon is
called the germinal vesicle migration (GVM), which is
generally observed during the first meiotic cell division.
The follicle layer became flat. No cells showed the
germinal vesicle breakdown (GVBD) (Figure 2(I) & 2(J)).

POST-OVULATORY PHASE

Post-ovulatory oocytes, also called convoluted post-
ovulatory follicles (POF) and ruptured empty oocytes,
accounted for 5% of all oocytes. Follicle cells had an
irregular shape (Figure 2(D) & 2(K)). These features
suggest that our S. plicata specimens were in the
spawning season, although this assumption requires
further studies. Previous reproductive cycle observations
have shown some tunicate species such as H. hilgendorfi
ritteri (Choi et al. 2004) and Polycarpa cryptocarpa
kroboja (Chen & Dai 1998) to be generally multiple
spawners, where spawning are controlled by several
factors especially the lunar phase and temperature (Choi
et al. 2004).

ATRETIC OOCYTES

Many oocytes in the secondary growth phase showed
degenerative features associated with irregular cell
shapes, and therefore considered to be atretic oocytes
(24.5% of oocyte proportion, Figure 2(L)). Disorganisation
of the nucleus was often observed together with
pyknotic nuclei and karyolysis of follicle cells. It may
be possible that heavy metals (Hg, Cd, Pb, Zn, Cu, Ni,
Fe, and Mn) detected along the eastern coast of the Gulf
of Thailand (Thongra-ar et al. 2008) resulted in the high
prevalence of atretic oocytes. However, current state
of heavy metal pollution at the site remains unknown.
Indeed, follicular atresia can be a consequence of normal
apoptotic process that happens in most animals (Cloney
1990). More evidence is required to conclude that atretic
follicles are related to heavy metal pollution.
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FIGURE 2. Detailed Light photomicrograph of the oogenesis and histological alterations in
Styela plicata: (A-B) Oogomia (Og) and primary growth phase (Pp), (C-E) early secondary
growth stage (Ess), (F-H) late secondary growth stage, (I-J) full-grown oocyte stage (Fgo),
(K) post-ovulatory oocyte (POF), and (L) atretic oocyte (At)
Abbreviations: Bb = Balbiani’s body, Fc = Follicular stalk, Ge = germinal epithelium, IFC =
inner follicle cell, N = nucleus, nu = nucleolus, OFC = outer follicle cell, Pfc = pre-follicular
cell, SFc = stratified follicle cell layer, Tc = test cell, V¢ = vitelline coat, Yg = yolk granules.
Staining methods: (A, C, G, I, L) Masson’s Trichrome (MT), (B, D, H, K) cresyl violet (CV),
(E, F, J) Periodic acid schiff (PAS)

CONCLUSION

In this study, we described the oocyte differentiation
process of a tunicate S. plicata, dividing it into four phases.
We also observed a high prevalence of atretic follicles,
which may be related to the environmental problem in
the eastern coast of the Gulf of Thailand. Hopefully, more
comprehensive environmental quality of this area could
be enhanced.
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