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ABSTRACT

The posterior kidney of Oreochromis niloticus was examined using both light and
transinission electron microscope (TEM). This study showed that the posterior lidney
could not be demarcated into a renal cortex or medulla, but instead nurnerous reph-
rons and ducts. Each nephron was formed of a renal corpuscle and a renal tubtile, The
renal corpuscle contained capillawy glomerulus enclosed by Bowman's capsule. The re-
nal tubule was subdivided into a short neck segment, first and second portion of proxi-
mal segment. intermediale segment, distal segment and collecting tubule. The latter

was conrected to the mesonephric duct,

INTRODUCTION

The posterior kidney Is one of the most important cxcretory orgaus al teleost (ishes. Together
with (he skin, inlestinal mucosa, liver and gill epitheliuny, il naintains delicate osmotic balance
belween the fish and its environment (Bulger and Trump, 1969 and Harder, 1975). In lvesh
water fishes the trunk kidney and urinary bladder functlon in the excretion of dilnie urvine (Gro-
man, 1982).

The strueture of the kidney of the {resh water flsh has been studied by many investigalors
(Edwards, 1935: Newstead and Ford, 1960; Ogawn, 1962; Bulger and Trump, 1969; Hen-
dricks, 1971; Anderson and Lowen, 1975: Roberts, 1978; Endo and Kimura, 1982; Hen-
dricks, 1983; Di and Yu, 1986, and Takashima and Hibiya, 1895). Othcr studics hiave been
achlieved on the sea lamprey (Youson and McMillan, 1971) and atlantie hagfish (Heath-
Eves and McMillan, 1974). Morcover, ultvastructural features of (e kidney wcre described in
bolr marine specics (Bulger and Trump, 1968) and freshwater troul (Anderson and Locwen,
1975).

The poslerior kidney of the tilapia (Oreochromis niloticus). one of the telecosts specics, needs
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more investigativn. The ain of this study was to clarify the histological and ultrastructural pecu-
laritics of (he Oreoehromis niloticus posterior kidney. Such goal is an hporlant prercquisitc

for clucidation ol ils possible tunctions.

MATERIAL AND METHODS

Nine live adull lish (Oreochromis niloticus) were obtained Irom commercial breeder. After sev-
erance of 1he spinal cord, the body cavity was opcened along the ventral midline. Specimens ol
posterior kidney were removed and immediately lixed in Bouin's, Susa and 10% neultra) buitlered
formalin. They were then dehydrated in aseending grades ot cthyl aleohol and clearcd i xylene,
cmbedded in parallin. Sections of 5-7um were cut and stained by Harrl's hematoxylin and cosin
(H & E), PAS-teehnique, aleian blue (pl4 0.1) and Crossmon's tirchronie stains. The aforemen-

tioned melhods were done as outlined by Drury and wallington (1980) and Bahcroft and eook
(1996).

For TEEM. tissue samples were obtained [rom dillerent regions ol the posterior kidney and
were fixed for 24 hr at room temperaturc in 2% glutaraldehyde in 0.1 M sodium cacodylate (pll
7.4). The specimens were trintmed. rinsed in the same bulfer. and poslixed for 1 hr af rosm (ein-
perature in 1% osmium tetroxide In the samie buiter. Saniples were dehyderaled in cethanol,
eleared in propylcne oxide and embedded in Epon 812, "Thick™ survey sectlons (1.0 - 1.5 nun)
were cut with a glass knife, and stained with toluidine blue and azure 1l for light microscopy. Ul-
trathln sections were obtained with a diamond knife, stained with uranyl acctatc and lead cifrate
and examined at 60 kV with Jeol 100 CX TEM.

RESULTS

The two kicdneys of Oreochromis niloticus were fused appearing as one organ. They occupicd
the dorsal retroperitoneal position along the cntire length ol the body cavity., They were bounded
by the vericbrae dorsally, the ribs laterally and the swim bladder ventrally. The kidney was cov-

ered ventrally by a single layer of methothelial eells.

Microscopically. the posterlor kidney cannot be demarcated into a renal cortex and medulla.
It was covered by thin fibrous connective lissue eapsule formed of collagenous and reticular li-
bers (Fig. 1). Fcw smooth muscle cells were also detected in the renal capsule (Fig. 1. The pa-
renchyma of the kidney was eomposed of itlumerous nephrons and ducts. Each nephron was

formed of renal corpuscle and renal tubules (Fig. 2).

The renal corpuscles were nearly identicul and ecach contained a vascular capillary glomern-

Mansoura, Vet. Med. J. Vol. V, No. 1, 2003



H. A. El-Habback et al...
118

lus that was enclosed by a Bowman's capsule (Fig.3). The Bowman's capsule was comiposed ol
an outer parictal layer of squamous cells with flattencd nuelei (Fig. 4) and an Inner visceral layer
of differentiated epithelium (podocytes). The cytoplasm of podocytes contained PAS-positive ma-
ierials. Their cuchromatic nuclei were spherteal or avoid. At the ultrastruetural fevel. the podoc-
ytes appcarcd as irrcgular cells with large spherical or ovold centrally lacated clectron-lucent nuo-
clel with somic clectron-densce peripheral hetecrochromatin, The cytoplasm  confained free
ribosomes, milochondria, well-developed Golgt apparatus. some strands ol rER and vesicles of
dilerent size (Fig. 6). The cell has several large proeesses that gave rise to smaller ones (pedicels)
whieh Interdigitated with those of adjacent cells forming a layer of interdligitated pedicles adja-
ccent {o the basement membrane (Fig. 5). Fllitration slits with occasionally slit membrane (dia-
phragm} were located among the interdigitating pedieels {Fig. 6). Juxiaglomerular cclls were hy-
perirophic smooth muscle cells that were identifled in the wall of the afferent aterioles (Fig. 4).
They showed clongated nucleus. Their cytoplasm contalned lighlly basophilic Inc secrclory
granules that staincd by PAS-reagent (Fig. 4). At the ultrastructure level. the cytoplasm of this
ccll revealed sparse rCR, mitochondra and was cnlirely occupied by an extensive mimber of
clectron deise granules (Fig. 7). The basement membrane appeared thin hebween (he juxtaglo-
merular ecells aud endothelinm of the alferent aricriote (Fig. 7). Mesangial cclls were 1ot ob-

served.

The renal tubule was suhdivided Intu short neck segment, firsl and second portion ol proxi-
mal scgmenl., an intermediate secgment, the distal segment and collecting tubule thatl was con-

nceted (o the mesoncphric duct (Fig. 2).

The short neck segment had a narrow lumen and was lined with a single layer ol columnar
cells showing spherleal basally located nuclei and slighlly basopblilic cytoplasm (Fig,. 2). The api-
cal border of {hese cclls carried prominent brush hocder that showed PAS-positive rcaction (Fig.
8). At the IEM level, the cells lined the neck segment were tow columnar with basal cuchromatic
elcetron-lucent nuclei showing prominent nucleoli, The apleal bordcr of the cell presentcd promi-
nent microvilll. Basallv the ccll membrane exhibited slight infoldings that house mitochondria
with dense inafrices. Laterally, the opposed ccll membranc of tlie adjacent cclls acquired numer-
ous desmosomes {Fig. 9). Free ribosomes, cisternae of rER, multivesicular bodies and clectron

dense granules were scaltered in the cytoplasm (Fig. 9).

The initial porlion of the proxtmal seginent had a slighily wider diameter than that of thic neck
segmenl. It was lined by columnar cells with apically located spherical nuclei and prominent api-
cat brush border (Fig. 2). The ecytoplasm was vacuolar and acidophilic The suprauucicar cylo-
plasm was less acidophilic than the basal cytoplasm. The luinenal border of tlac cells and the

brush border showed an intense PAS-posilive reaction (Fig. 8). By EM. the aplcal cytoplasm con-
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lained numerous clectron dense vacuoles ol differenl sizes, lysosonies, smooth and rough endo-
ptasmic relicula and free ribosomes. The apical surface of the cells was modifled Into long and
densely packed mierovilli {Fig. 10). The basal cytoplasm eontained numerous filamentous mito-
chondria that were lodged in the deep basal infoldings (Fig. 11).

The second portion of the proximal segment had a relatively narrower lumenal diamcler than
that ol the inltial portion. It was lined with columnar cells showing apical brush border thal ex-
hibited an intense PAS-positive reaction. The cells had an acidophilic eyloplasm with spherlcal
or oval nuclei located towards the cell lhunen (Fig. 12). With TEM, the cytoplasm contained elcc-
tron densc granules, rER, {ree ribosomes and clongaied electron-cdense lilaimentous milochon-
dria that were mainly encountered paralicl to the ccll axis iz the basnl ¢yloplasm in association

with the numerous basal inloldings (Fig. 13).

The intermediate scgment was short with a narrow lumen. It was lined by a single layer of co-
luimnar cells without obvious aplcal brush border. The cytoplasm was vacuolar, and lighlly acid-
t')phllic (Fig. 2), The nuclel were spherical in shape and basally located. Fine steucture of these
cclls revealed the presence of euchromalic nuclel. The cytoplasm showed free ribosonic, lew rER

and small vesicles. Basal infoldings holding less electron dense curved mitochondria were obvi-
ous (Flg. 14).

The disial segment was recognized as a short tubule with a wide lumen. [t was Jined by low
columnar cells with wenkly visible brush border (Fig. 2 & 15). The cyioplasm was slighily acido-
philic. The nuclei were large spherical in shape and basally sliuated. TEM examination showed
that the microvilli were shorter and more random eaudally. The mltocliondria were fewer, sicat-
{ered throughowt the cytoplasm and tended to be perpendicnlar to the basmeni membrane and

parallel to plasmalernmal infoldings (Fig. 14). The number of small vacuoles aud frce ribosomes

were Inercased.

The collecting tubules were lined with columnar eells with basally located ovoid nurelei and
slightly basophilie cytoplasm (Fig. 12). The aplical border of the cells was distinct. The tubules
were surrounded by a thin layer of stnoolh nmiuscle eells and connective tissuc elements (IFig. 15).
The bascment membrane and the smooth muscle layer showcd PAS-positive reaction. With EM,
the cytoplasm exhibited elcctron dense mitocliondria, SER, lew rER. (ree ribosomes. and cleetron
densc membranc bound granules. Also cyloplasmic vacuoles of dillerent sizes were ohserved
(Fig. 16). Well-developed tight junctions were encountercd among (he lateral cell membranes of
the opposing cells (Fig. 16).

The mesonephric dict was linred with pscudostratified eolumnar epithelium. lts lumen was

wide and irregular in appearance. A thin layer of snooth muscle flbers and connective tissue cle-
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ments surrounded the duct (Fig. 18). The basement membrane and smooth muscle layer showed

PAS-posilive reaclion (Fig. 19).

DISCUSSION

The present study showed that the posterior kidney of Oreochromis niloticus was not diller-
entiated into cortcx and medulla as in mammals. Rather it consisted of numcrous nephrons and
ducts arranged in no specific pattern. The nephron was composed of a renal corpuscle and renal
tubules. The renal corpuscle was [ormed {from glomerulus and Bowman's capsule. ‘The sanie re-
sult was rccorded in {fresh water {lshes (Edwards, 1935; Graffln, 1937; Ogawa, 1962; Bulger
and Trump, 1969; Kendall and Hinton, 1974; Anderson and Loewen, 1975; Roberts, 1978;
Endo and Kimura, 1982; Groman, 1982; Hendricks, 1983; DI and Yu, 1986 and Takashima
and Hiblya, 1995).

The rcnal iubules of Oreochromis niloticus were divided into a short neck segment. lirsl (ini-
tial) and second portion of the proximal tubule, an intermediate segm~nt, distal {ubule and eol-
lecting tubule. There was no thin segment. The renal corpuscles iu fresh water fishes were com-
paratively larger and more numerous than those In marine fishes (Nash, 1931; Friedman et al.,
1942; Kempton, 1943; Harder, 1975 and Browne, 1985). Harder (1975) suggested that the
[resh water flshes need a large {llteration surface, where the concentration ol salts in their bedy
fluids is higher than that in the surrounding medium. However, the present risk ol passive in-
crease in (he volume of the body fluid which would damage the tissue, so thal water must con-
stantly be drawn out ol the body. Browne (1985) added that, in seawater low [iltcraiion rates
were associated with a small number of liltrating glomeruli compared with much larger popula-
tion of [iltrating glomerull in fish adapted to fresh water. Thus it was presumed thal the kidney
of fresh walcr lishes produee a dilute or hypotonic urlne to mainiain salts in their body lluid

conslant.

The visceral epithelial eells (podocytes) ol Bowman's capsule In Oreochromis niloticus con-
sisted ol a spherical cell body with several large proeesses that give rise to smaller ones (pedicels)
which iInterdlgitale with other pedlcels forming a perivaseular layer, similar to that in manllmals.
Similar indings were previously demonstrated by Bulger and Trump (1969) in English sole and
by Anderson and Loewen (1975) in [resh water troul. Podocytes are likely to be lound wherever
ultrafilteralion occurs (Heath-eves and Mcmillan, 1974) in hagfish. Moreover the podocyte cy-
toplasmic vesicles thal have been revealed in the present study might indleate a transporl ol glo-
merular filterate through thc cell from the subpodocytic space (Ellas et al., 1965) and could be

[ormed either by pinocytosis or glomerular filtration pressure which form lacunae in the pedi-
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cles. Podocyies also may reabsorb protein [rom Bowman's space and presumably return [ to the
blood (Heath-eves and Micmillam, 1974) in hagfish.

The present study revecaled that the glomeruli had a single afferent arterlole. Glomerull with

two allerend arlerioles were recorded in rainbow trout (Browne, 1985).

As irr the other fresh waler specics (Capreol and Sutherland, 1968; Ogurl and Sakabe,
1968; Harder, 1975, Ogurl, 1980 "a'’ and "'b"), the juxtagiamerular cells in Orcochromis niloti-
cus were identified in the wall of afferent arterioles. These cells contain sccretory granules which
stained by PAS ilcchnique. Takashima and Hiblya (1995) added that the hormone rennin s sc-
creled [rom these cells. On the other hand. Ogurd, (1993) in the aglomerular kidney of the red
batfish, found that juxtaglomerular eells wcre localized as clusters in several yeyions within the
kidney. [n lhe present study, the eytoplasm of the juxtaglomnerular cells contained clectron densc
sceretory granules which stalned positively with PAS, consequently these granules could be
cqulvalent (o renin whieh partially control the blood flow to the alferent arteriole in {ish (Harder.
1975).

In the posicrior klduey of Oreochromis nilotieus, the neck segment was lined wilh law co-
Iumnar cells carried prominent brush border. but there were no cilia In this region. This was in
contrast to Edwards (1935) in bony fish. Romer (1962), Bulger and Trump (1968), Youson
and McMillan (1970), Anderson and Lowen (1975), Lacy and Reale (1991) and Takashima
and Hiblya (1995) who rccorded that the neck segment was lined with columnar ciliated cclls.
The latcr authors added that the presence ol microvilli al thesc cells could indicale absorplive
functlon, while the presence of clectron dense granules, rough endoplasmic reticulumn and {rec

ribasomces suggested secretory function {oo.

The proximal tubule was the largest portion of the nephron, composed of segment | and scg-
ments 1. This result confirmed thosc recorded i {resh water [ish (Anderson and Lowen, 1975;
Groman, 1982; Hendricks, 1983 and Takashima and Hibiya, 1995). The first proximal scg-
menl was lined with columnar cells with spherical (o oval nuclei. The supranuclear cytoplasm
stained less acidophilie than the basal cyloplasm. The same [inding was mcntioned in Iresh wa-
ter fish (Anderson and Mitchum, 1974: Anderson and Lowen, 19765; Ottosen, 1978; Gro-
man, 1982; Hendrleks, 1983 and Feeraz et al., 1993). In fact the proximal segment in fresh
water flsh is composed of two parts; scgment I and II for reabsorption of sall and climinatc cx-
cess waler and (urther urine dllutfon in distal tubules. This in accordance with (he stalcnient of
Hendricks (1983) who recorded that the major functions ol fresh water ieleast nepheon are con-
servatlon of sall and eliminatiou of cxcess waler. According to TEM study in the present investi-

gation. the presence of apical microvilll and electron dense vacuoles of different sizes in these
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cells could reflect the absorptive function of the proximal ubules. Moreover, the presence of flla-
nicnious milochondria in the basal cytoplasm with basal inloldings may conflirm {ransporl [unc-

tion of the proxinal tubules (Anderson and Lowen, 1975).

The second proximal segnmient was linced by taller columnar cells that showed an increase in
the outer (ubular diamcler as well as a deercase in the luminal ane, The same architecture was
described in fresh water troul Anderson and Mitchum (1974) and Anderson and Lowen
(1975), striped bass (Groman, 1982). tcleos(s Endo and Kimura (1982), Hendricks (1983)
and Hiekman and Trump (1969}, elasmobraneh Grizzle and Rogers (1979), Elger and Hets-
chel (1986) and Lacy and Reale (1991). The lattcr suggested that. the second proximal seg-
ment might bc responsible for divalent-ions seeretion. In the present study. the second proxinial
scgiment secnied {o have a well-developed absorptive function as indicated {rom the possession

ol a distinct brush border on the majority of lts eells.

Cells ol Lhe intermedlate segment In Oreochromis nllotieus were non-ciliated columnar with
spherical nuclei and acidophilic cytoplasm. Borghese (1966); Bulger and Trump (1969) and
Kendall and Hinton (1974) stated thail no intermcedlate segnient was observed in some elasio-
braneh fish. in English solc lish and in channel catfish respectively. but it s fond in the siriped
bass (Groman, 1982) and in carp kidneys (Takashlma and Hiblya, 1995). In the present study,
the ultrastructural investigatian ol this segment revealed (he presence ol [ew rER. frce ribosomes
and vesicles beside a clear basal inloldings that were associated wilh long ewnved mitochondria.
According to Anderscn and Mitchumb (1974) the assoclalion of such organelles in this secg-
ment might indicate that this segment plays cruelal roles in the process ol salts conservation in

[resh watcr [ish.

Unlike Ogawa (19€2) and Bulger and Trump {1968) who stated that the distal scgment was
absent In marine fish and Beiteh [1963) who lound no disial segment in the striped bass [ruul
seawater, we rceorded the presenee ol this segment in our investigation. The present stody
showed Lhat the distal scgment was lined with eslumnar cells whose eytoplasm contained vacu-
oles, fcw mitochondria and basa) infoldings. In the distal scgment, the number and size of mito-
chondria were markedly decreased. These phenomena and {heir association with the plamalein-
ma syslem could involve this segment in the dilution ol urine by reabsorbtion ol sodium and

chlorine in {resh water teleosts (Tampi, 1959; Morris, 1960 and Hickman, 1965).

The prescnt investigation revealed that the collecting tubules were lined by colnmnar cells
with basophilic cytaplasm and oval basally located nuclei. The basement membrane and the
smooth muscle layer surrounding the tubule showed PAS-positive reaclion. The samce results

were obscived in English sole [Bulger and Trump, 1968). IFine sin:clure of the colleciing seg-
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inent ol Oreochromis nllotlcus revealed that these cells had fewer organelles tlian t{hose of dis-
tal tubules. Morcover the Intercellular spaces between its linlng epltheliam scemed to be re-
duced willy the presence of a well developed tight junction belwecn the opposing membranes.
Such uvltrusiructural peculiaritles might snggest an active role in (he process of protcin trans-
port as was previously demonstrated by Bulger and Trump (1969) in teleosts.
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Fig. 1 : A pholomicrograph ol a section in posterior kidnev of Oreochromis nilotieus showing:
thin conncetive tissne capsule (C) conlaining smooth muscle fibers (arrow) and renal (u-

bules (R). Crossnn's slain X 200,

Fig. 2 : A phntowmicrograply of a sceliv in posterior kidney of Orcochromis niloticus showing:
plomerulus 1€), neck regiont (), hrst proximal segment (1), second proximal scdmenl

(p2), intermediale segment (18) cond distol tabuale () 1T & T stain X A0Q0.
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Fig. 3 : A photomicrograph of a section in poslerior kidney of Orcochromis niloticus showing:
Bowman's capsule (H). PAS. posiiive reaction in glomerulus (G). microvilll brush border

of neck region {n) and proxanal (ubule Ip). PAS-techmique X 400

Fig. 4 : High magnification of Fig. 3 showing: PAS-positive reaction in the cytoplasm ol padocy-
tes (0) and smeoth muscle luyer ol allerent arterinle (9. Nole also squamons cclls (s) of

the owlder parictal layer PAS-techmique X 1000
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dre lram e Creochinomis niloticus posterior kdney

At adies b praeesse s Llccowsy X 9500

Rig. 6: Electron micrcsing!e b 0 T icone (he Kby of Ozeochromis niloticus showing:
2ry processe~ [ . bl Leescoov emibnanae (b), endathehun (e}, Nole
also Golgi sacail -, oo luoy g gaed T N 32300
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mis nilotlcus 3l o oo o G 2eannles (of iy wodiled simonth muascle cell (8.G.

coll)y lamen ol avtecior v aaceag eryinocyie (1) and endoiielial eell [E). X 6120

Flg. 8: A photomicrograpiiv of o~ ti o postenter Kidho v ol Oreachromis afloticus showing in-
1 L .
lense PAS-posyiive o0 o oo the 3 oash birdes ob fhe cells lindng neck region (n) and

first (P1) & second (1) e vl sudtseads s the basemend areinbrane ol the renal ta-

bitles (amrow). PAS- 1ecig o oo
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Fig. 9 : Elcctron micrograph of aparl of rieck segment fron e posterior kidney ol Oreochromis
niloticus showing numerons long and densely backed microvilli (M) on (he apical re-
gion of the cells, nuclens (N), mitochondsia (n). vesicles (V) and cleciron dense granules

(). X 8600

Fig. 10 : Electron micrograplh of a part ol lirst proxinmad sciamend from the  posterior kidney ol
Oreochromis. niloticus showing hasal reifoeliomdrin (m), densely packed apical micro-

villi (M). clectron dense lavge vac: vdes (V] i oflier organclles. X 9860
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¥ig. 11 : Electron mlcrograph ol a basal part of flrst proximal segment from the posterior kidney
of Oreochromis nilotlcus showing lilameontous mitochondria (m). basal infoldings (ar-

row), nucleus (N) and basal lamina (¢). X 17000

Fig. 12 : A photomicrograph of a section in posterior kidney of Oreochromis nlloticus showing
first (p1) and sccond (p2} seduicnts of proximal tnbule, distal (d) and collectln‘g tubule
{c). H&E stain. X 400.
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Fig. 13 : Elcciron micrograph ol a part oof ~ccond proxine! segment [ronr (bhe postecior kidney ol
Oreochromis niloticus shicen Olaimentous mrochondria (im), basal intoldings (arrow),

muclens (n) and cleeiror denso eranules {3 X 9RG0O

‘aw

Fig. 14 : Kleciron micrograph of o peec oo clistal taconle fright), intrmediate scgment (lelf) aund
blood capillary (¢) fiom v o ol Kidivs v Creochromis niloticus. Nole wmitochotr-

drid (m) X 6120
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Fig. 15 : A pholomicrograph of a section in posterior kidney ol Oreochromis niloticus showing
first (P1) and second [P2) proximal segmenl(x. distal tubule (d). collecting duct (c) lined

by high columnar cctls wilh roicrovilh (arrows) and sinooth muscle layer (m).

1H&E stain X 400

Fig. 16 : Elcctron micrograph of a part of collecting tubnle (ront the posterior Kidney ol Oreach-

romis niloticus showing milochondria (m). clectron-dense granules (g), vesicles (v), rER

(). tight junction {arrowhead). simooth muscle cell (a) and nucleus (n). X 9860
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Fig. 17 : A photomicrograph of . wes e o pa dor o kidaey ol Oreochromis niloticus  showing
collecning tubule (¢) joise e b eu Do M) wchiel lisied by pseudosiraltfied co-

Inmnar epithelinam el e v s Taes et siooth wasele Iayer (im).

Crossmour's stain X 200.

S
Fig. 18 : A pholomicrograpiy o ol e g badney ol Orezhromis niloticus showing
PAS-posilive reactiont o it i g e b bver (] sorrounding the mesonephrice
duct and the hascmer  ae »eenctabaeles Tvoows) PAS-(echnique X 400.
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