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Abstracr Morphological, histological and ultrastructural featres of
the Stanmins corpuscles (Ste] in frash water 1eleost Oreochiromis nio-
iens, and manne teleost, Epiephilus weving were studied In O mifosi-
euz, the Stc were mamerows pared and raondomly scattered throughout
the trank kidney as whate corpuseles, with the increase in fish sze
they became concentrated af the dorso-candal part of the kidney, In E,
mivirg this gland was obsarved to be represamted only by large pair of
corpuscles which were always associated with and often conmected to
the distal portion of the tubular neploons. In small fish the Ste consist-
ed of undifferentiated cellular mass attached to the posterior part of
the kidney tubules They became encapsulated and divided inio
lokriles of secretory cells wath increase in fish size,

Ultmustructurs stucly of the gland demonstrated two main types
Ty 1 and Tyvpe 1) of secretory cells in e two (eleosts with secreto-
ry granules. Type 1 cell medominating in the gland wath lurge gran-
ules, mumerous free ribosomss, lyaoscmes and fiboaomal endoplasimc
reticuhim. Typa 2 call with small secretory granules, extensive armays
of smooth endoplasmic reticulum and ibosomal endoplasmic reticu-
lum. Abmndant ntosomal endoplasnme reticulum and well developed
Golgi suggestad the gland role in protein synthesis. It is important to
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mention that another non secretory dark cell type was demonstrated in
the Ste of E. wrving characlerized by cyloplasmic processes panairate
between the main cells, this dark cell may represent a supporting cell.
Cells of Ste were inmervated by unmyelinated nerve Gbers.

Keywords: Stonmius corpuscles, glond, fresh wager feleost, manne
teleost.

Introduction

Stannius corpuscles are tiny endocrine glands associated with the kidney of
holostean and teleostean fishes (de Smet, 1962), They are located in the dorso-
caudal part of the trunk kidney. Discovery of this gland was made first by Stan-
nius, 1839 (de Smet, 1962). Previous researches suggested that Ste are embryo-
logically derved from the pronephric or’'and mesonephnc ducts (Garret, 1942,
Kancko ef al, 1992 and Amemiya at af., 2002). Stanniocalcin s a glycoprotcin
hormene first discovered in bony fish and mainly secreted from the Stannius
corpuscles acts on gills, gut and kidneys to maintain caleium and phosphate
homeostass (Putkus of af, 1987 Sundell er ol., 1992 and Lu e af, 1994), The
bicchemical nature of calcium lowering hormone (stanniocalein) which regu-
lates calcium fluxes between the fish and it's environment was identificd in
different species of fishes (Lafeher er af., 1988; Flik er al., 1989 and Wagner &
Fricsen. 1989). Recently, stanniocalein has been localized in different mammal-
ian lissues including human tissues (Chang & Reddel. 1998: Luo ef al, 2004
and Song ef af, 20006). The human stanniocalcin revealed homology in the
chemical structure to fish stanmiocalein and the data imply that this hommone
regulates the female reproductive system (Me-Cudden er all, 2001 Ahmad e
al., 2002; Varghese ef al., 2002; Luo et al., 2005 and Song ef al., 2006).

Although previous ultrastructure studies of the gland Ste of several teleosts
demonstrated two structurally different cell types (Wendelaar Bonga & Pang,
1986; Chiba, 19940) though it is still unclear whether these reflect different phys-
ivlogical conditions of a single type or represent functionally different cell
types. In order to collect more information on the cellular composition of Ste,
we have investigated the histological and ultrastructure of the Ste in two teleo-
stean fish, fresh water (. nilorices and marine fish £, fuving, Ahmad e al,
{2002) in their study on Heteropneustes fossils revealed only one cell type with
large secretory granules and abundant rough endoplasmic reticulum.

The present study was designed o investigate the distnbution, morphology,
histology and ultrastructure of this endocring gland (5tc) in two teleostean fish
3, mifoticus and E, fuvina,
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Materials and Methods

Animals

Random [ish samples of 0. miloticus were collecled alive from Faris [ish
farm in Dammam (Eastern provinee of Saudi Arabia) ranging from 5-35cm in
total length and 20-625 g'fish in total body weight. Samples of £ fuvinag fish
were collected alive from the Arabian gulf ranging from 28-64em in total length
and 280-3100 gfish in total body weight. The fish were sacrificed by a shamp
knife blow to the head. Dorso-caudal part of the trunk kidney were prefixed in
situe for 5-10 mintues in 10% neutral formalin or bouin's fluid, then removed
from body cavity and examined morphologically for the occurrence of Ste, then
cut into small pieces and refixed for 24 hours, dehydrated through a graded
senes of ethanol, embedded m paraffin,d cut at 3-5 pm and stamed by routine
staining methods {Bancroft & Stevens, 1986). For transmission electron micros-
copy, the Ste from the kidney were excised and immersed in 4% gluleraldhyde
buffered at pI 7.2 with cacodylate at 4°C. After several washes in cacodylate
bufTer the tissues were post [ixed i 1% osmium fetra oxide buffered to pH7.4
with eacodylate. This was followed by dehydration in a graded series of ethanol
and embedded in Epon. Ultra thin sections were stained with lead citrate and
uranyl acetate (Hayal, 1989) and examined with Jeol Jem-100¢ =< 11,

Results

In 0. niloticus, Stannius corpuscles are small paired glands located on the
dorsal side of the trunk kidney (Fig. 1). In small (2. miloticus (less than 10em in
total kength) they are scattered along the dorsal side of the trunk Kidney (Fig. 2)
they increased in number and size and became restricted to the dorso-caudal
part of the trunk kidney with the increase in fish size. In E. fuving the Stc were
represented only by one large pair of organs located superficially on the dorso-
caudal part of the trunk kidney (Fig. 3). Their number and location independent
on sex or siee of the fish. Stanmuos corpuscles locaton had no relationshap to the
position of the venous system and were either superficial or penetrate deeply
inte the excretory tissue of the trunk kidney,

Histological examination revealed that Stc in small fishes of Q. nilfoticus
consisted of undifferentiated cellular mass (Fig. 4) located close to the distal
renal ubules and collecting duct and gradually increase in size and appeared as
a cellular mass surrounded by a thin fibrous capsule which separated the cell
from the surmounding renal tissue (Fig. 5 & 6). As with further increase in size,
vascularized fibrous connective tissue septa penetrate from the capsule into the
gland dividing the cellular mass into many interconnected lobules which s
penetrated by sinusoids (Fig. 7). Cells of Stc within the lobule were amranged
above thin plasma membrane with their apical surface facing a pseudo lumen
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Fig. 1. Light micrograph of Stannius cerj-
eles (St} of large tilapla showing
emberdding of highty Inhalnted Ste i
the trunk kidnes. (BV) large blood
vesel, (T} Kidney tubules, HEE x
330,

Flg. 1, Daorsal surfsce of ihe trunk kidnes
shewing superficinl poaition of (Sic)
ansl their divisions inio kobales. (Hi
haemapaietic  tissue, (T kidney
tubules. HEE. x 350

Fig. 3. Stannius corpusche (Stch surrommbed
by s thick laver of eollsgen, (T)
Lislney  tubules, wnd  hoavmopsictic
thasue (Hi HEE x 100,
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Fig. {4-7). Light micrsgraphe of the tresk Kidney im small tilapis showing developing of
Slasmies corpuicks (Sl

4. First appearance of (S4c) av 3 compact mass of undilerentisied colls in contact with
fhe dintal portian of the kidney rabules [TL H&E. x 40,

4, Encapsabation of Sac |arrew | within the connectin e tnsoe serrunding Walffaa duct
WD H&E, % 350,

. Encapsakation of (Sic) and cell differentiation. Note the collecting dudt (CD), meka-
no-masrephage cell stwin vellow brown jarrow ), HEE. = 800

T. Encapiadition of {Si¢) ssd start of kbulating by pensiration of manedhe lios
(OT) and dividing the cellular mass inio labules. (T) Lidaey tubules, (5) simmioid,
MITS. 400,
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Fig & & 9). A consistent feature of cach corpuscle was the presence of asso-
ciated kidney tubules. These kidney tubales were abserved 1o connect 1o collect-
iz tubulbes which in tum coubd be traced 10 the main exvcreton duct

Fig. & ligh mugnification from Fig. | shews the vasculurired connective mane (armam |
dividing Si¢ it partiall connecied labubes without troe Lemina. (T) kidney
Bubeles. 0 400

Fig. % Motx, close manciation of Sar lobube with distal segments and collecting segments of
Kidney nabbales (T). The hmphocvtic and eosinophilic infiliragen (armwi. HEE.
o IS0 1000,
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Ultrastructural study has shown that the lobules were encapsulated in richly
vascularized loose connective tissue and containing lfenestrated capillaries (Fig.
10 & 11). The Ste cells were arranged as tightly packed cords and possessed
variable cyvtoplasmic densitics. At certain points the lateral plasma membrancs
of the neighboring cells were highly interdigitated. Two structurally different
tvpes of cells were clearly distinct in the gland. The predominant cell type
iType 1) was columnar and characterized by high electron densily and
possessed large homogenous electron-dense granules, large number of free ribo-
somes scaftered in the cvioplasm, abundant flattened cistems of ribosomal
endoplasmic reticulum, Large lvsosomes and moderate number of small mito-
chondria, vesicles and vacueles (Fig. 12 & 13). Small secretory vesicles were
occasionally seen exocviosed into the surrounding capillaries (Fig. 11).

The type-2-cells were fewer and lighter than type-1- cells and temded to be
scattered among type -1-cells. Cyvioplasmic processes were scen extending info
type 1 cells (Fig. 12} The cytoplasm contained lewer and smaller secretory
granules than type 1 cells, extensive array of nbosomal endoplasmic reticulum,
smooth endoplasmic reticulum. free ribosome and the cells have irregular nucle
with granular chromatin.

In E. fuvina, the lobules were encapsulated in highly vasculanzed connective
tissue which confained neuwro-vascular elements, fibroblasts, and fibrocyies
{Fig. 14). The blood vessels were occasionally associated with unmyelinated
nerve fibers containing microfilaments, small clear vesicles, dense cored vesi-
cles and mitochondria (Fig. 15). The capillaries possessed flattened or cuboidal
epithelium which bulged into the lumen with numerous fenestrabions (Fig. 16).
Nurofilaments were emerged into the plasma membrane away from blood
vessels (Fig. 17). The gland cells were tightly compact and varied in ¢lectron
density, The lateral plasma membranes of the adjacent cells were inferdigitated
at some points leaving narmow intercellular spaces (Fig. 14 & 16).

There were two main types of secretory cells in . fuving gland. The predom-
mant cell type (Type 1) which was observed as pleomorphie dark cells charac-
terized by a large euchromatic nucleus possessed a rim of heterochromatin and
dispersed small blocks and a prominent nucleolus, The cyvtoplasm possessed
numerows large, dense, membrane bound granules, numerous free ribosomes
and glveogen. The ribosomal endoplasmic reliculum cisterns were found n [lat-
tened short form scattered in the cytoplasm. Small elongated mitochondria with
tubulo-lamellar cristac were noticed around the nucleus (Fig. 1¥). The amount
of secretory granules vanes from cell to another. Mucleus 15 ovoid with imegular
surface. Some scerctory cells showing picnotic nucleus with a pauecity of orga-
nelles was observed. These may represenl degenerating gland cells in the
process of apoptosis,
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Fig. 10, Electron micrographs of Stannius corpuscles (Siejan the trunk kidney of (0 wiloni-
onx showing | Fig. 1i=13):
A lobule of S1¢ surrounded by highly vascularized loose conmective thasue (CT)
Mode accumulation of secretory granules (sg) in the lobular cells. () capillaries,
(arrew) endothelial cell, = 1M,

Fig. 11. Wigh magnificption from Fig. 10 showing o wide capillary (C) surrounds the gland
cells. Note the pinocyiotic vesicles (V). red Mood cells (RBCs) and seeretory granule
(=g} within the lumen of the capillary. = 4000,
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Fig. 12, Two iypes of Sic cells containing secretary granules, The tvpe | cells are dark and
high colummar, light cells (fype 1} intervene and project between the dark cells,
Sobe, the extensive network of dilated smooth endoplisnibe reticulum and ribosa-
mal endoplasmic reticulum in the light cell {arrow), large lysosomes (L) ewchro-
matic muclens (M), x 21700,

Fig, 13, Sic cells are intermingled aml closely packed. Nole palymorphizm in the nuclei (W),
vesicle containing myelin fgure (mf), secretory gramubes (sg). = 6700,
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Fig. 14. Elecivon micrographs of Stannins corpuscles (Sic) in the trunk Liduey of £ fuving
{Fig. 14-20)
Sie lobules inierconnecied with each other by vascularized connective tissoe. Psew-
do stratified epithelimm lining the lebules. Mote wide capillaries (C) surrounding
the lobules, pseudo-lobalar lumen, Throblast (F). Mote also ihe interdigitaied plas-
ma membrane (wrrow o |40,

Figs. 15, High magnification of ihe Sic shows fenestrated capilliry emdothelinm (armow),
nerve fibers (%F) containing micro-filaments {mf), mitochondria (o), small dlear
vesicles (ev), dense core vesicles (v, Note the membrane bound dense granules in
the dark cell (g} amd numerous free ribosomes (i = 2 70040,
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Fig 16 High magnification of Ste bhale dsowing twn vpes of eelle with ammernns denae
granules; dark cell tvpe [) and lght cell (tvpe ). A thicd type with basal large
nuclel, long cvtoplasmic prcesses devoided of granules surrounds the lipht cell (5L
Note endothelial cell nudel (E) bulged mside the caplllary lumen = 5000

Fig, 17, Unmy:linated merve fibers embedded in the Ste cells contain lane dense oore
membrane bound granubes and small vesicles (arrow ). x TIMENL
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Fig. 18, Drark cell with barge nucheus (%) and prominent nuclesdus, large seereiory granules,
elongated mitechondria (m) with unellated cristae. short Nattened cisternse of
ribosanml endoplizmic veticulum (arvow ) scatiered through the cytoplasm, Tree
ribosames and paly ribosomses (r x 10D,

The other type of cells (Type 2) was light with irregular outline, contains
large nuclens. The cytoplasm possessed dilated cisterns of ribosomal endoplas-
mic¢ reticulum, secretory homogenous granules with different size and density,
mitochondria and well developed Golg areas with saccules contaiming electron
dense materials (Fig, 19 & 209,

Another type of cells was noticed which charactenized by the absence of
secretory pranules, high electron dense cyvtoplasin and large basal nucleus (Fig.
16). Ribosomal endoplasmic reticulum and smooth small vesicles were seen.
These cells possessed a long apical and basal ¢ytoplasmic projections intervene
between the gland cells. This type of cells may represent support cells.

Discussion

The present study demonstrated that Ste of both species O mifoticns and E.
fuving are located i the posterior part of the trunk kidney as in most teleosts
(Krishnamurthy & Bern, 1969, Tomasule ¢f af., 1970, Cohen er al_, 1973 and
Crguri, 1906, found in large numbers and small size in €3 mitovicus and distrib-
uted throughout the trunk kidney m small fishes (less than 10cm in total length)
while the distribution reduced to the doso-caudal part of the trunk kidney in
adult fishes (more than 30cm in total length). While in adult £, fvima, Stc were
found as a pair of white corpuscles al the caudal part of the trunk kidney. Previ-
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Fig. 19. Light cell with light eytoplasoy, numerous dense membranes bound granules, ribo-
samal endoplismic reticulum scattered in the cytoplasm (arrew), Gaolgi (G),
miitochondrin (m) and free vibosemes (r). = 100,

Fig. 20, High magnification of Fig. 19 shawing dilated cisternne of Galgi () and the sereto-
ry vesicles, = 2MEH,
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ous study mentioned that variations in number and distribution of the Ste among
fish species may have a phylogenie significance (Bauchot, 1953 and Wendeelar
Bonga & Pang, 1986). Embryological evidence shows that Ste anse as buds
from the pronephnc or/and mesonephric ducts during their embryonic slages in
many species {Garret, 1942; Knshnamurthy, 1969 Belsare, 1973 and Amemiva
et al, 20020, In primitive fish. the number of Ste is likely to be high and often
located in the middle of the mesonephric kidneys as in O, niloticus, while in
more advanced fishes the number is generally reduced to one pair of relatively
large bodies located in the postenior part of the mesonephne Kidney as in group-
er. However, it was reported in two teleosts Gambusia affins and ews faber
that Stc were separated from trunk Kidney and closely associated with the uterus
or mesonephric ducts (Bauchot, 1953),

The Stanmiocalemn was onginally discovered in fish and was characterized as
hypecaleemic hormone to eliminate excess caleium (Wendelaar Bonga er al,
1989 and Amemiya ef al. 2002). However. mammalian Stanniocalein 1 {5TC1)
was found to have a paracring action (Luo e al, 2004), but the physiological
role of Stanniocalcin 2 (STC2) is unclear (Luo e al, 2005).

The secretory cells within Stc of the studied fish were arranged in lobules,
surrounded by a fibrous capsule and possessed a fine structure similar to St of
other teleosts (Fujita & Homna, 1967, Cohen ef ol 1975 and Youson ef al.,
1976). They were characterized by the presence of abundant rough endoplasmic
reticulum, secrelory granules and well developed Golgn, which suggestimg ther
role n the protein secretion.

The ultrastructure study demonstrated variable appearance of cells within the
Stanmius corpuscles suggesied a vanable degree of metabolic or secretory activ-
ity. The cell variations within the Stannius corpuscles was mentioned in certain
anadromous teleosts in their fresh water spawning migration (Carpenter &
Heyl 1974) and fishes in calcium deficient seawater (Cohen er al. 1975) or
deionized water { Tomasulo ef al., 19709 which reflect the response of Sic cells
to environmental changes, Experimental evidence indicated that the Stannius
compuscle are endocrine organs secrete hyvpocalein which lowers blood calcium
levels by unknown mechanism {Wendelaar Bonga ef ol , 1989 and Wendelaar
Bonga & Pang 1991}, which show that Ste may be mmportant for teleosts adapt-
ed to calcium rich scawater.

Previous investigation indicated that Stc of teleosts residing entirely in fresh
waler or spending parl of their life cyele in freshwater (eurvhaline) contain
heterogeneous populations of gland cells (Salme gairdnerd, Meats ef o, 1978,
Fumdullns heterocline and Carassius auratus, Wendelaar Bonga ef al,, 1980,
and Creochiromis mossambicus, Urasa & Bonga, 1987 On contrary, Ahmed et
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al, (2002) found that Stc of fresh water teleosts of Heteropnensies  fossils
contain a homogenous cell population similar to those type [ cells of other
freshwater teleosts which considered to be a source of stanniocalcin. Previous
findings of Wendelaar Bonga et al. {1976) showed that type 2 cells appear Lo be
active in media of low ionie and osmedtic strength.

Previous studies of seawater fishes Gadus morfnug and Plewronectes platesia
{Wendelaar Bonga & Grevens, 1975) and Opsame fon (Bhattacharyya &
Buttler, 1978) confirm the presence of only one type cells similar to Type [ in
Ste of freshwater teleosts, Many investigators believe that tvpe-1 and type-I1
cells are structurally different forms of one functional tvpe and are responsihle
for producing the same hommene (Lopez e al, 1984; Lafeber & Perry, 1988;
Flik ef af.. 1989 and Wenderlaar Bonga ef al.. 1989).

The present ultrastucture study confirmed two types of secretory cells in Ste
of freshwater fish O, niforicus and saltwater fish E. toving, Type T cells numeri-
cally predominate in /£ fuvina and characterized by high electron density, dense
and large secretory granules, abundant free ribosomes, moderately developed
lamellar ribosomal endoplasmic reticubum, small mitochondria and long cyto-
plasmic projections extending between tvpe 11 cells, Whereas tvpe 11 cells char-
acterized by low electron density, few and small secretory granules, extensive
network of ribosomal endoplasmic reticulum scaftered i the cytoplasme large
milochondna with light matrix and few wbular crstae and well developed
Golgi. Interestingly, the present ultrasructure study on E. tuving demonstrated
the presence of a third type of cells depleted of secretory granules and
possessed a high electron dense cytoplasm. These cells have long apical and
basal cytoplasmic projections extending between the two lyps of secrelory
cells. This type may represent supporting cells,

The present study provided ultrastructural data to show that tvpe T and tvpe 11
cells release their secretory products mto the intercellular spaces by exocytosis.
Evidence of exocyiosis has been reported in the Ste of other species as well
i Aida ef al, 1980). By using the tanic acid method, Wendelaar Bonga and Pang
(1986) successfully demonstrated exocvitosis in tvpe-1 cells of the Ste immersed
m a medium containing a high calcium concentration. Tt has been well docu-
mented that a high caleism concentration, in either the mtermal or external
media, stimulates the release of secrelory products from the Ste (Wendelaar
Bonga & Pang, 1986).

In accord with previous findings (Bhatlacharva & Butler. 1978 and Wende-
laar Bonga & Pang, 1991) the present study mainly in B fuvine demonstrated
that Ste were innervated by unmyelinated nerve fibers, which occurred largely
in the arcas adjacent to the vascular walls in the interlobular connective tissue,
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as previously shown in other specics. The neural actions were primarily on the
blood vessels, and that the actions on the gland cells, if they oceur, are indirect,
.., mediated by the local circulation or vascular mechanism (Bhattacharva &
Butler, 1978 and Chiba, 1990,
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