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ABSTRACT

The teleosts pituitary gland has a peculiar stmecthat shows wide variability
of its morphology and cellular organization. Moregvthe pituitary gland usually
displays seasonal changes during the reproductrete.cSo, the present study is
designed to identify and localize the differentl dgpes of the pituitary gland of
mature male and female biza carinata from the Suez Bay and to study the possible
variations that found during its reproductive cycle

The result revealed that the pituitary glandLofcarinata is of the platybasic
type, which lacks a distinct hypophyseal stalk, @dlifferentiated into two main
divisions, namely: the adenohypophysis and neuroplypsis. The glandular
adenohypophysis consists of five main cell typé® kactotrophs, somatotrophs,
gonadotrophs, thyrotrophs and melanotrophs. Omwtiirer hand, the neurohypophysis
is formed of nerve fibres and contains a varialbh®ant of neurosecretory granules.
Moreover, the principal seasonal variations talee®lin the meso-adenohypophyseal
gonadotrophs and the neurosecretory granules.
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INTRODUCTION

Pickford & Atz (1957) and Khan (1962) distinguishiidee regions of the pars
glandularis of the pituitary gland @inguilla anguilla andLabeo rohita, respectively,
namely: the pro-, meso-and meta- adenohypophysesedJer, Ekici and Timiur
(2013) stated that the pituitary gland ©yprinus carpio is composed of a nervous
part, the neurohypophysis, and a glandular pagt,aithenohypophysis. Furthermore,
they pointed out that the adenohypophysis is ddidieto rostral pars distalis,
proximal pars distalis and pars intermedia whiaharanged in a linear fashion with
the rostral pars distalis at the anterior extrenityrthermore, de Jesesal. (2014)
stated that the adenohypophysis Safminus brasiliensis is directly innervated by
branches of the neurohypophysis.

Jose and Sathyanesan (1977) described eight pel iy the adenohypophysis
of Labeo rohita. These are two acidophilic types, five basophiypes and a
chromophobic one. On the other hand, Sahai (1984dyro (1985) and Narayaat al.
(1985) distinguished six different cell types iretpituitary gland ofOsteobrama
cotio, Aequidens pulcher and Mugil cephalus, respectively, namely: the lactotrophs,
corticotrophs, melanotrophs, somatotrophs, thypdtsoand gonadotrophs.

Kumari and Dutt (1990) indicated that the gonadutso of Puntius sarana
attain maximum values (size and number) duringltfeeding season. In addition,
Zoharet al. (2010) stated that the gonadotrophic cells of wldishes play critical
roles in the regulation of reproductive processeshe optimal rates of synthesis and
secretion of gonadotrophic hormones are necessasgutcessful gonadal maturation
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and spawning. Furthermore, Chatterjee and Chakralf2014) stated that the
gonadotropic cells d¥ystus vittatus form the major component of the proximal pars
distalis and exhibit their prominence by having sHn stained basophilic cytoplasm
during the maturation and spawning phases of testake these cells are more or less
inactive during the post-spawning phase.

Abou-Seedo and Al-Khatib (1995) stated that thé &pecies of the family
Mugilidae (mullets) are considered as a major fgodrce for the rapidly growing
human population. So, they become desirable cardidar fish farming. Despite
their economic importance, only limited informatisnavailable on their reproduction
aspects. Moreover, Abou-Seedo and Dadzie (28Gted that there is very limited
and disparate information on all aspect of thedggland reproduction df. carinata,
in spite of its worldwide commercial importance.

So, the present research is undertaken to clarify th@phological and
histological characters of the pituitary gland bk tmature male and female
carinata from the Suez Bay and possible seasonal variaténts cells during the
reproductive cycle. Moreover, these data may helpthe management of the
reproductive process and future aquaculture stuadifgs species.

MATERIALS AND METHODS

1- The animal:

80 mature specimens of male and feralm carinata (Valenciennes, 1836),
ranging from 14-18 cm as a total length and 31-472ag a total body weight, were
obtained alive from the gentle fishermen at thezSBay of the Red Sea seasonally
during two successive years from January 2009riaalg 2011.

2- The morphological study:

The specimens of. carinata were dissected and the ovaries or testes were
dissected free, removed out, blotted by a filtepgraand the gonads were grossly
examined and were placed in the proper stage afrmhataccording to the size, shape
and colour. Moreover, the brain and the attach&dtary gland ofiL. carinata were
rapidly dissected out of the skull and photograpinethe Sony digital camera.

3- The histological study:

The dissected brain with the attached pituitaryndlaf L. carinata was fixed
immediately in a freshly prepared Zenker's formoluson for 24 hours. The
materials were dehydrated in ethanol, cleared enténpineol, embedded in parablast
and then were sectioned. The puh sections were stained with Heidenhain's azan,
according to Rizkalla's modification (1970). Thesetions were carefully examined
and photomicrographs were made.

4- The ultrastructural studies:

The whole pituitary gland df. carinata was fixed in cold 3% glutaraldehyde
solution in phosphate buffer (pH 7.4) for 2 hourd&. The materials were then post-
fixed in 2% osmium tetraoxide (OgjOfor one hour in a dark place at 4°C. The
materials were then dehydrated in an ascendingeliseries ten minutes each, at
4°C. The materials were then cleared in propylexigleoand infiltrated with and
embedded in epoxy resin at 60°C.

Semithin sections (1 um thick) were cut with the ®MIT7 ultramicrotome
and stained with toluidine blue. The semithin sewiof the pituitary gland were then
examined to select the suitable areas for ultratbationing.

Ultrathin sections (600 A’ thick) were cut and &l with uranyl acetate and
lead citrate according to Reynolds (1963). Finalhe sections were then examined
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with JOEL 1010 transmission electron microscopette Regional Center for
Mycology and Biotchnology, Al-Azhar University andt the National Cancer
Institute, Cairo University.

RESULTS

1. The morphological studies: -

The gonads of the adult. carinata are represented by a pair of elongated
bodies which are located in the abdominal cavithe TSize, shape, colour and
diameter of the gonads differ according to the migtstage of the fish during the
different seasons of the year. The maturity stajeke gonads of. carinata can be
classified into the following three stages, naméhg post-spawning stage (from late
December to late June), pre-spawning stage (fraenJdane to late September) and
spawning stage (from late September to late Decen(ibig. 1).

Furthermore, the pituitary gland &f carinata is whitish creamy in colour, it
has an ovoid body with a long axis measuring alia2® mm (Fig. 2). The pituitary
gland is devoid of a distinct hypophyseal stalk endirectly connected to the ventral
side of the fore-brain.

2. The histological studies:

The pituitary gland otf.. carinata is differentiated into two main divisions, the
adenohypophysis and neurohypophysis. The formasidiv is the glandular part,
while the latter is the nervous part. The adenopigsis is further subdivided into
three glandular regions, namely: the pro-adenohlypgip, meso-adenohypophysis
and meta-adenohypophysis. These glandular regi@nareanged in a linear design
and are easily distinguished from each other by thiferent staining affinities, but
their boundaries are confluent and are not markeddpta of connective tissue.
Moreover, the neurohypophysis is formed of a compeass of nervous tissue which
gives off processes that interdigitate into thenatigpophysis (Fig. 3).

A- The adenohypophysis:
i- The pro-adenohypophysis:

The pro-adenohypophysis (rostral pars distalis)upies the most anterior
region of the pituitary gland, (Fig. 3), and itdsaracterized by a high constituent of
acidophils (Al) that aggregate to form masses sépérby the neurohypophysial
processes. Some of these cells are arranged inufal structures which surround
blood capillaries (Fig. 4).

The acidophils (Al) are stained red with the azammg technique. They are
rounded in shape, with large rounded and centladigted nuclei that have prominent
centrally located nucleoli (Fig. 5). The diametéitleese cells is about 5.5 um, while
the diameter of their nuclei is about 3.3 pm.

According to the staining affinity and locationgthcidophils (A1) seem to be
the lactotrophs which show no significant chandetha year round.

ii- The meso-adenohypophysis:

The meso-adenohypophysis (proximal pars distatisypies the middle region
of the pituitary gland and lies posteriorly to tipeo-adenohypophysis. Also, it
continues ventrally and forms a thin layer that edops completely the meta-
adenohypophysis. The meso-adenohypophysis contamdypes of cells, namely:
the acidophils and basophils (Fig. 3).

The acidophils (A2) are found mainly in the dorsagion and occasionally in
the middle region of the meso-adenohypophysis (B)g.These cells are stained
deeply red with the azan technique. They are fannmdasses or in highly convoluted



68 Fawzia A. A. Abd ElI-Rahmanetal.

cords separated by vascular sheets of the neurphypmal processes. The acidophils
(A2) are rounded, ovoid or pyramidal cells withgareccentric nuclei and darkly
stained secretory granules. The nuclei are roundtd prominent centrally located

nucleoli (Fig. 6). The long axis of each cell isoab9 um and the diameter of the
nucleus is about 3.6 pm.

According to the staining affinity and locationgthcidophils (A2) seem to be
the somatotrophs. The generalized picture of tkee shows no significant changes
all the year round.

The basophils are the prevailing meso-adenohypaghgell type and are
divided into two types: the basophils (B1) and Ipdmiis (B2). The basophils (B1) are
found in the middle region of the meso-adenohypsishyvhile the basophils (B2) are
found in the peripheral zone of the meso-adenohyysip (Fig. 7).

The basophils (B1) are oval, pyramidal or polygomalshape with large
eccentric nuclei (their diameter is about 3.3 phgttpossess prominent centrally
located nucleoli (Fig. 8). The basophils (B1) shmmenounced seasonal variations and
their cytoplasm shows different stages of granoiaéind vacuolation.

In the post-spawning season, the basophils (B shweak staining affinity or
appear as if they are negatively stained by the ataining technique. These cells
show degranulated and vacuolated cytoplasm (Figed78). The long axes of these
cells are about 7.8 um. On the other hand, durrgg fdre-spawning season, the
basophils (B1) are stained uniformly deep blue; some cells still are faintly stained due
to revival of their granular contents (Fig. 9). Tibag axes of these cells are about 8.9
pm. Moreover, during the spawning season, the lbaisof81) are uniformly stained
blue and are increased in size with the long axessoring about 10 um (Fig. 10).

The basophils (B2) are rounded in shape and possessled and centrally
located nuclei (Fig. 11). The diameter of thesésaslabout 5 pm and the diameter of
their nuclei is about 3.2 um. The basophils (B2dvehno significant seasonal
variations.

According to the staining affinity and locationetbasophils (B1) and basophils
(B2) seem to be the gonadotrophs and thyrotrogispectively.

lii- The meta-adenohypophysis:

The meta-adenohypophysis (pars intermedia) occupeegposterior part of the
pituitary gland and appears as a convoluted epihalac which encloses the
neurohypophysis that forms the main core (Figs. &l al2). The meta-
adenohypophysis consists of the amphiphils (MI)t tteme found near the
neurohypophysis (Fig. 12). These cells are roundedhape and have rounded
centrally located nuclei and faintly stained cyash (Fig. 13). The diameter of these
cells is about 5.3 um and the diameter of theiteius about 3.3 pm.

According to the staining affinity and locationetlmphiphils seem to be the
melanotrophs. No apparent seasonal variations asplaged by the meta-
adenohypophysial cells.

B- The neurohypophysis

The neurohypophysis (pars nervosa) consists oh#émeous tissue that extends
ventrally and gives off a few and short processkghvpenetrate the pro- and meso-
adenohypophyses, and it forms a central core afst@-adenohypophysis (Fig. 3).

In contrast with the glandular adenohypophysis, rieaerohypophysis consists
mainly of nerve fibres and contains, especially rnéee meta-adenohypophysial
region, variable amounts of neurosecretory gran{fes 14) which may be regarded
as constituting the hormonal secretory producthef hypothalamic neurosecretory
system. These neurosecretory granules can be elktatta considerable amount
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during the pre-spawning and spawning seasons (Egsand 15), but they are rarely
seen in the post-spawning season (Fig. 12).
3. The ultrastructural studies:

In the pituitary gland of.. carinata, there are no apparent seasonal changes in
any cell types, except the basophils (B1l) (the dotraphs) of the meso-
adenohypophysis. Therefore, these cells are studlieastructurally. The seasonal
variations of the basophils (B1) are divided intwee phases, namely: the post-
spawning, pre-spawning and spawning phases.

During the post-spawning phase, many of the batofBi) contain prominent
and numerous vacuoles of various size that occgpyie most of the cytoplasm (Fig.
16). Furthermore, most of these vacuoles contanillér inclusions. In addition, there
are few and small secretory granules with variadéxtron density (Fig. 17). The
diameter of these granules is about 200 nm. Moreoe cytoplasm contains
rounded nucleus (Fig. 16), mitochondria with fevstere and the Golgi apparatus
(Fig. 17).

During the pre-spawning phase, the basophils (B$s@ss numerous and large
secretory granules (Fig. 18), with a diameter odwab300 nm. The endoplasmic
reticulum is either found as long strands that@aurd the nucleus, (Fig. 19), or as
numerous wide cisternae that are scattered thraughe cell cytoplasm (Fig. 18).
The small rounded mitochondria are abundant, seattéhroughout the cytoplasm
and have dense matrix. In addition, the Golgi apipar lies near the nucleus and
consists of few flattened cisternae (Fig. 20).

During the spawning phase, the basophils (B1)ndta general appearance of
the previous phase, but the secretory granulesecoore numerous and larger. The
diameter of these secretory granules is about 870Tiere are also numerous wide
cisternae of endoplasmic reticulum, (Fig. 21), @agi apparatus that lies near the
nucleus, and rounded mitochondria that are fourtevd®n the secretory granules
(Fig. 22).

DISCUSSION

The pituitary gland oL. carinata is a whitish creamy ovoid body that is directly
connected to the ventral side of the fore-brairhaut a distinct hypophyseal stalk.
According to the variations exiting in the mannéatiachment of the pituitary gland
to the brain, the pituitary gland. carinata is of the platybasic type. These results
agree with those of Singh and Sathyanesan (1962pphicephalus punctatus,
Rizkalla (1976) inMugil auratus and Baskaran (1991) inza parsia. Moreover, the
leptobasic type of the pituitary gland (the pitoytgland is attached to the fore-brain
by a distinct hypophyseal stalk) was described dyi &nd Ensor (1980) iRutilus
rutilus, Kumari and Dutt (1990) ifPuntius sarana, Cinquetti and Dramis (2006) in
Padogobius martensi and Honjiet al. (2013) inSalminus hilarii.

The pituitary gland of.. carinata, as in most teleosts, is differentiated into two
main divisions, namely: the glandular adenohypophyand the nervous
neurohypophysis. Moreover, the adenohypophysisuithdér subdivided into three
glandular regions, namely: the pro-adenohypophysisso-adenohypophysis and
meta-adenohypophysis situated in an antero-postarrangement. These glandular
regions are easily distinguished from each othethleyr different staining affinities,
but their boundaries are confluent and not markesepta of connective tissue. These
results are in agreement with those obtained byeG&D00) inBagrus docmac and
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Bagrus bayad, El-Zoghbyet al. (2008) inClarias lazera andEI-Sakhawyet al. (2011)
in Oreochromis niloticus.

The pro-adenohypophysis &f carinata occupies the most anterior region of
the pituitary gland and is characterized by a highstituent of acidophils (Al), the
lactotrophs, that aggregate to form masses separaye the neurohypophysial
processes. The predominance of acidophils in tleeagenohypophysis was also
reported inOncorhynchus sp. (Robertson and Wexler, 1962) and_ates niloticus,
Chrysichthys auratus, Malapterurus electricus and Hydrocyon forskalii (EI-Dossoky,
1985). Moreover, in the present study, the acidsphiAl) of the pro-
adenohypophysis show no significant seasonal chamge current result is in
agreement with that recorded by Moitra and Sark&76) in Cirrhinus mrigala,
Ramadaret al. (1988) inSparus aurata and Honjiet al. (2013) inSalminus hilarii.

The meso-adenohypophysis lof carinata occupies the middle region of the
pituitary gland and contains two types of cellsnedy: the acidophils and basophils.
The aforementioned observations agree with th&l-ddawi (1990) and Kharat and
Khillare (2013) in Schilbe mystus and Nemacheilus mooreh, respectively The
acidophils (A2) ofL. carinata are found mainly in the dorsal region and occaslgn
in middle region of the meso-adenohypophysis, witieebasophils (B1) are found in
the middle region of the meso-adenohypophysis hadbasophils (B2) are found in
the peripheral zone of the meso-adenohypophysiesdhmesults are in accordance
with those of Lehri (1966) irClarias batrachus, Rizkalla (1976) inMugil auratus,
and Ramadast al. (1988) inJoarus aurata.

In L. carinata, the restriction of the acidophils (A2) to the shlrregion of
meso-adenohypophysis as multicellular layers barderthe neurohypophysial
processes also recorded by El-Gohary (2000rieochromis niloticus, Sanchez Cala
et al. (2003) inTrachinus draco and Ekici and Timiur (2013) ilyprinus carpio.
According to the staining affinity and location,etlacidophils (A2) in the meso-
adenohypophysis df. carinata seem to be the somatotrophs. A similar result was
recorded inPomatoschistus microps (Ho-Shih, 1979), irfparus aurata (Ramadaret
al., 1987) and irPadogobius martensi (Cinquetti and Dramis, 2006). The generalized
picture of the acidophils (A2) df. carinata shows no significant changes all the year
round. The aforementioned result is in agreemerh what recorded by Scruggs
(1951) inCyprinus carpio and Carassius auratus and Bisht (1975) irschizothorax
richardsonii and Ramadaet al. (1988) inSparus aur ata.

In L. carinata, the basophils are the prevailing meso-adenohysiglhcell type
and are distinguished into two types: the basofBily, gonadotrophs, and basophils
(B2), thyrotrophs. Similar observations were reedrdby Sathyanesan (1960) in
Mystus seenghala and Barbus stigma, Van Oordtet al. (1987) inClarias gariepinus
and Honjiet al. (2013) inSalminus hilarii.

The basophils (B1) df. carinata show pronounced seasonal variations that run
parallel with those in gonads. In addition, duritige post-spawning season, the
basophils (B1) show a heavy degranulation and &\waffanity or negative staining
ability on account of the discharge of their semmgtgranules. On the other hand,
these cells in the pre-spawning season are chaetdy restitution of the secretory
granules. Moreover, during the spawning seasorsetieells become heavily loaded
with the secretory granules. These findings aragreement with those reported in
Puntius sarana (Kumari and Dutt, 1990), i®reochromis niloticus (El-Sakhawyet
al., 2011) and ilNemacheilus mooreh (Kharat and Khillare, 2013).

In L. carinata, the ultrastructure of the basophils (B1), the agtwirophs, is
generally characterized by the presence of segrgtanules, endoplasmic reticulum,
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mitochondria and Golgi apparatus. Moreover, the tmeisking feature of the
basophils (B1), during different reproductive semsas the number and size of the
secretory granules. These secretory granules arenfeaumber and small in size in
the post-spawning season, while they become nurseamd larger in both pre-
spawning and spawning seasons. These results aceandance with those of Peute
et al. (1978) inSalmo gairdneri, Ueda and Takahashi, (1980) and Ueda (1981) in
Misgurnus anguillicaudatus and Young and Ball (1982) irPoecilia latipinna.
Furthermore, during the post-spawning season, dseghils (B1) olL. carinata are
characterized by the presence of numerous vacuthlas containing fibrillar
inclusions. The aforementioned observation is dbscribed by Baget al. (1974) in
Leuciscus rutilus. In addtion, Parhaat al. (1998) suggested that these vacuoles of the
gonadotrophic cells oThalassoma duperrey are formed by coalesced cisternae of
endoplasmic reticulum.

The meta-adenohypophysis lof carinata occupies the posterior part of gland
and appears as a convoluted epithelial sac whicklosgs the bulk of
neurohypophysis. Moreover, the meta-adenohypoply@isists of the amphiphils
(M), the melanotrophs. Similar observations wezparted by Rizkalla and Yoakim
(1975) inSynodontis schall. On the other hand, Benjamin (1979) and El-Sakhetwy
al. (2011) reported that the meta-adenohypophysisCianilabrus melops and
Oreochromis niloticus, respectively, is formed mainly of two amphiphilielictypes,
namely: melanotrophs and somatolactotrophs. In tiaddi no apparent seasonal
variations are displayed by the meta-adenohypophysgils ofL. carinata. Similar
result was reported i8. schall (Rizkalla and Yoakim, 1975), irctalurus punctatus
(Massoud, 1982) and i@. niloticus (EI-Sakhawyet al., 2011).

The neurohypophysis df. carinata is formed of a compact mass of nervous
tissue which gives off processes that ramify intb the three regions of the
adenohypophysis, especially the meta-adenohypaplwiich receives the richest
ramifications. These results are in agreement wWithse of Honjiet al. (2013) in
Salminus hilarii and Grandiet al. (2014) in Ctenophargngodon idella. But, these
results disagree with those of Scruggs (1939) velponted that the neurohypophyseal
ramifications ofPseudopleuronectes sp. are confined to the meta-adenohypophysis.

In L. carinata, the neurohypophysis contains, especially near rieta-
adenohypophyseal region, variable amounts of nearery granules which may be
regarded as constituting the hormonal secretorydymio of the hypothalamic
neurosecretory system. Similar findings were reedrthy Kamelet al. (1973) in
Chrysichthys auratus, Rizkalla and Yoakim (1975) i8ynodontis schall and Massoud
(1982) inlctalurus punctatus. Moreover, the neurosecretory granuled otarinata
can be detected in a considerable amount duringptBespawning and spawning
seasons, but they are rarely seen in the post-spgwne. Similar observations are
seen inCarassius auratus (Scruggs, 1951) anfl schall (Yoakim, 1971). In addition,
Ramadaret al. (1988) suggested that these neurosecretory gsantif§parus aurata
may be involved in the reproductive process.
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EXPLANATION OF FIGURES

. 1: photographs of dissected adult males amdalfes L. carinata, showing the
morphological features of the testes and ovarespactively, during the different
reproductive seasons; A and B: the post-spawnirgese C and D: the pre-
spawning season and E and F: the spawning season.

. 2: Photograph of the pituitary glandlofcarinata, showing its location.

. 3: Photomicrograph of a sagittal section & fituitary gland oL. carinata in the
post-spawning season, showing the neurohypophysisadenohypophysis which
is differentiated into the pro-adenohypophysis, or@denohypophysis and meta-
adenohypophysis, acidophils (A2) and basophilsgBd B2). (Azan stain).

. 4: Photomicrograph of a sagittal section & fituitary gland oL. carinata in the
post-spawning season, showing the pro-adenohypphyscidophils (Al),
neurohypophysial process and blood capillariesa(Astain).

. 5: Photomicrograph of a sagittal section & fgituitary gland oL. carinata in the
post-spawning season, showing the pro-adenohypiptaysl acidophils (Al).
(Azan stain).

. 6: Photomicrograph of a sagittal section & fituitary gland oL. carinata in the
post-spawning season, showing the meso-adenohypigphgcidophils (A2),
secretory granules and neurohypophysial procezan Atain).

. 7. Photomicrograph of a sagittal section & ptuitary gland oL. carinata in the
post-spawning season, showing the meso-adenohygigptacidophils (A2) and
basophils (B1 and B2). (Azan stain).

. 8: Photomicrograph of a sagittal section & fituitary gland oL. carinata in the
post-spawning season, showing the meso-adenohygisplacidophils (A2), and
basophils (B1). (Azan stain).

. 9: Photomicrograph of a sagittal section & fituitary gland oL. carinata in the
pre-spawning season, showing the meso-adenohypsphysl basophils (B1).
(Azan stain).

10: Photomicrograph of a sagittal sectionhaf pituitary gland ot. carinata in the
spawning season, showing the meso-adenohypophydi®asophils (B1). (Azan
stain).

11: Photomicrograph of a sagittal sectionhaf pituitary gland of.. carinata in the
post- spawning season, showing the meso-adenohysigpand basophils (B2).
(Azan stain).

12: Photomicrograph of a sagittal sectionhaf pituitary gland ot. carinata in the
post-spawning  season, showing the  meta-adenohypisphy meso-
adenohypophysis, neurohypophysis and amphiphily (Mkan stain).

13: Photomicrograph of a sagittal sectionhaf pituitary gland ot. carinata in the
post-spawning season, showing the meta-adenohypigpmeurohypophysis and
amphiphils (Ml). (Azan stain).

14: Photomicrograph of a sagittal sectionhaf pituitary gland of.. carinata in the
pre-spawning season, showing the meta-adenohypsphmeaurohypophysis and
neurosecretory granules. (Azan stain).

15: Photomicrograph of a sagittal sectionhaf pituitary gland of.. carinata in the
spawning season, showing the meta-adenohypophysiarohypophysis and
neurosecretory granules. (Azan stain).

16: Electron micrograph of the pituitary glaofiL. carinata in the post- spawning
season, showing the basophils (B1) with numeroasalas, few secretory granules
and nucleus.
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Fig. 17: Electron micrograph of the pituitary glaofiL. carinata in the post-spawning
season, showing the basophils (B1) with the vasuodataining fibrillar inclusions
(arrow heads), mitochondria and Golgi apparatus.

Fig. 18: Electron micrograph of the pituitary giaof L. carinata in the pre-spawning
season, showing the basophils (B1) with nucleusresery granules and
endoplasmic reticulum.

Fig. 19: Electron micrograph of the pituitary glaaofiL. carinata in the pre-spawning
season, showing the basophils (B1) with secretagniges and endoplasmic
reticulum.

Fig. 20: Electron micrograph of the pituitary glaofiL. carinata in the pre-spawning
season, showing the basophils (B1) secretory geanuhucleus, endoplasmic
reticulum, mitochondria and Golgi apparatus.

Fig. 21: Electron micrograph of the pituitary giaof L. carinata in the spawning season,
showing the basophils (B1) with secretory granaled endoplasmic reticulum.

Fig. 22: Electron micrograph of the pituitary glaofdL. carinata in the spawning season,
showing the basophils (B1) with the secretory gkesunucleus, Golgi apparatus
and mitochondria.

ABBREVIATIONS LIST OF

Al Acidophils (Al).

A2 Acidophils (A2).

Ad Adenohypophysis.

Bl Basophils (B1).

B2 Basophils (B2).

Bl.cap Blood capillary.

En.r Endoplasmic reticulum.
G.ap Golgi apparatus.

M Mitochondria.

Me.ad Meso-adenohypophysis.
Mi Amphiphils (MI).

Mt.ad Meta-adenohypophysis.
N Nucleus.

Ne.gr Neurosecretory granules.
Neh Neurohypophysis.
Neh.prs Neurohypophysial processes.
Nu Nucleolus.

Ov Ovaries.

Pit.gd Pituitary gland.

Pro.ad Pro- adenohypophysis.
Scr.gr Secretory granules.

Ts Testes.

V Vacuoles.
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