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ABSTRACT

This work presents a histomorphological and histochemical study of the
digestive tract of meagre, Argyrosomus regius, a commercially-important
species of Spanish indigenous fish with a great future in aquaculture. The
interest of meagre culturein several countries dueto the necessity of increase
the diversification of fish species in aguaculture does very important to
know the physiology of A. regiusfor improving culture aspects such usthe
feeding and the reproduction. The carbohydrates, proteins and phosphatase
enzymatic activities distribution in the digestive tract of A. regius were
studied in oesophagus, stomach, intestine and pyloric caeca samples
providing useful information in the study of the digestive processes. Dueto
the histological and histochemical characteristicsdescribed inthiswork, we
could suggest one secretor function for stomach and secretor-absorptive
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INTRODUCTION

Theaguacultureacquiresspecia relevancein Spain
for severd reasons. the high consumption of fishes, the
compl exity to satisfy the consumer necessitiesby fishing
and the existence of a tradition and infrastructure
(industry and research centers) considerableto assure
theinitia stepsof thisactivity. A recognized priority, at
Europe and Spain, for a sustainabl e devel opment of
theaguacultureisthefish speciesdiversfication.

Theinterest in the culture of sciaenid fishes has

grown in the last years. The meagre (Argyrosomus
regius) isacommercialy important fish species®. The
meagreisahighly fecund species, widdy distributed,
with medium-high market pricesand good acceptance
onthepart of the consumers. It presentsthe advantage
of aeurihaline specieswhich tolerate awiderange of
salinity therefore allows its adaptation to diverse
environmentsincluding theterrestrial aquacultureon
brackishwater. It resssthecaptivity perfectly (presence
ingreat aquariums) and show highratesof growing and
good food conversion efficiency.
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Due to the interest of meagre culture in Spain
(“Meagre Culture National Plant”, also called
PLANACOR), it’s very important to know the
physiology of A. regius for improving aspects of
aquaculture like the feeding and the reproduction,
thereforeit’s necessary the development of histological
and histochemical studiesof thisspecies.

Themorphology, histology and histochemistry of
the teleosts digestive tract have been described for
numerous species?1%, but exist afew studiesin the
Argyrosomusgenus™*4, being practicaly nonexistent
the histomorphological and histochemical studiesin
meagre, A. regius®.

Concerning the histochemicd aspect, many authors
have focused on the importance of mucosubstances
present inthefish digestive sysemand correl ated these
with the absorption and transportation of
macromolecules?, increase of digestive efficiency™,
buffering of intestinal fluid, prevention of proteolitic
damage to the epithelium*"1® and defences against
bacterid®.

To extend the histochemical studiesin interest
commercial teleost fish and considering the existence
of larger interspecific and intraspecific histochemical
variationsin somedigestivetract tissues, isnecessary
the study of the distribution of compound such us
carbohydrates, proteins and enzymes in the meagre
digestivetract in order to characterizethe secretor cdlls/
tissues of those compounds and identify possible
correlations with specific functional roles of the
dimentary cand.

MATERIALSAND METHODS

Specimensof A. regius (mean body weight 80-90
g, tota lengh ranging from 19-21 cm) were capturedin
Spani sh southatlantic coast. Fish weremaintanedin
cilindrictanks of 1000 L in theAquaculture Plant of
Anddusian Superior Centreof Marine Studiesuntil their
utilization.

The specimenswere anaesthetized and killed two
hours after the capture by decapitation (the work
described in this article has been carried out in
accordance with “The code of ethics of the world
medical association for animal experiments”).
Oesophagus, stomach, intestine and pyloric caeca
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samples was then quickly removed. For light-
mi croscopic studiesof carbohydratesand proteins, the
sampleswerefixed by perfussion with Bouin’s Fluid
for 24 h. After dehydratation in graded concentrations
of ethanol, sampleswere embedded in paraffin wax.
Dewaxed sectionsof 6-7 um thickness obtained from
samplesfixed werestained with haematoxylin-eosinas
well ashaematoxylin-V OF trichromicd® stainsto show
generd morphology. Thecarbohydrate characterization
wasobtained using thefollowing staining: Periodicacid-
Schiff (PAS), AlcianBlue (AB) pH 2.5, Edterification-
Alcian Blue (E-AB) pH 2.5,AB pH 1.0 and AB pH
0.5. The protein characterization was obtained using
Bromofenol Blue(BB).

Enzymes, alkaline phosphatase (ALP) and acid
phosphatase (ACP), were studied in sections (12um)
of unfixed samples embedded in Tissue Tek® from
cryostat (LeicaCM 1800) at -20°C. Sections obtained
from samplesweretreated with 3-glycerol phosphate
pH 9.4 (for demonstrate AL P) and 3-glycerol phosphate
pH 5.5 (for demonstrate ACP). References and
compoundsdemondrated by thedifferent hisochemicd
techniquesareshownin TABLE 1.

RESULTS

Oesophagus

The oesophaguswas short with awide lumen (at
its connection with the stomach on one end and the
pharynx onthe other) and muscular walls.

We observed a thick mucosa respect to wide
submucosalayer. Oesophageal mucosawasorganized
inlongitudind degpfoldsof amilar 9zes Tastebudswere
not present. The epithelium of mucosawas stratified at
the anterior portion but becomes single-layered of
columnar cdlstowardsthetranstiontothestomach. The
submucosa composed of a stratum compactum of
connectivetissue, presented adevel oped nervousplexus.
Twolayersof striated muscle occurred at the periphery
of theconnectivetissue aninner longitudind layer andan
outer circular layer. The serosacons sted of mesothdia
cdllsandloose connectivetissue.

Goblet cells were numerous in the mucosal
epithelium of theend posterior oesophagus. Goblet cells
wereintensdy PASand AB pH 2.5 positiveindicating
thepresenceof glycoproteinsand carboxylated mucines.

e, BIOCHEMISTRY

Hn Tndéan g%wumé



12 Histochemistry of the digestive tract in meagre (Argyrosomus regius)

BCAIJ, 5(1) 2011

Regular Paper

A

NG ©)

Figure 1 : Histology and glycoconjugate histochemistry of the stomach in A. regius. (A) Morphological aspect of gastric glands
(arrows). Haematoxylin-eosinx10. (B) PAS-positive material ispresent in thegastric glands (arrows). PASx10. (C) Acid phosphatase
activity in lamina propia and gastric glands (arrows). p-glicerophosphate x 25. (D) Alkaline phosphatase activity in lamina propia

(arrow). B-glicer ophosphatex25

(B)

Figure 2 : Histology and enzymatic activity of pyloric caecain A. regius. (A) M orphological aspect of mucosa. Detail of globet cells
(arrows). Haematoxylin-eosin x 10. (B) Alkaline phosphatase activity in submucosa and lamina propia (arrows). B-
glicerophosphatex10. (C) Acid phosphatase activity in epithelium (arrow). g-glicerophosphatex4

Alcian Blue pH 0.5 showed the weak presence of
ionised strongly sulphated glycoconjugates. Acid
phosphatase activity isobserved in themuscul ar layer.
The histochemical results for oesophagus are
summarizedinTABLE 2.

Somach

Thestomachisamuscular gppearanceorgan with
alimited lumenthat presented shape of sack. Thefina
portion of the oesophagus and theanterior portion of
theintestineareinserted proximdly intheanterior portion
of the stomach. The stomach posterior portion
presented shape of blind-sac.

Thetransition from oesophageal to gastric mucosa
wasgradud, with aprogressivereplacement of stretified
epithelium by secretory columnar cells, which were
organized asasimple columnar epithelium. Likethe
oesophagus, the mucosa of the stomach exhibited
characterigticsfolds, but thefinefoldsof the oesophagus
became coarseand short fol dsin stomach. Presence of
microvilli inthegastric epithdlid cellswasobserved.

Gastric glandswerenested in thelaminapropria
Theseglandsareobserved inthea most totality of the
stomach disappearingin thezone next to theintestine
and open crypts of the mucosafolds. The secretory
cdllsthat composethegastric glandswere polygond in

shape.

The muscular layer consisted of two layers of
smooth muscle: acircular internal and longitudinal
externd layer, thismuscular sructureisobservedin both
intestine and pyloric caeca. The gastric serosa was
formed by connectivetissue.

Theepithdia columnar cellsstained weakly with
PA S and Bromophenol Bluewhereas gastric glands
stained strongly with PAS and showed moderate
positivity to Bromophenol Blue. The stomach presented
anintenseacid phosphatase activity (gastricglandsand
laminapropria). Thehistochemical resultsfor somach
are summarized in TABLE 3. The histology and
glycoconjugate histochemistry of the stomachin A.
regius. areshowedinfigurel.

Pyloric caeca

Opened to the proximal zone of theintestineand
next to theanterior portion of the stomach, weobserved
blind prol ongati ons denominated pyloric caeca. The
number of pyloric caecafound inthe digestive system
of A. regiuswasnine. Thetransversal sectionof pyloric
caeca showed the same histological structure that
proximal intestine. The surface of the caecal mucosa
wascovered withlong and deep foldsfilling the lumen.
Theepithdium cons sted of smplecolumnar celswhich
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Figure 3 : Histology and glycoconjugate histochemistry of the proximal and distal intestinein A. regius. (A) Distribution of goblet
cellsin proximal intestine. AB 2.5x10. (B) Distribution of gobbet cellsin distal intestine. AB 2.5x10. (C) Distribution of goblet
cells in proximal intestine. PASx10. (D) Detail of goblet cells in distal intestine (arrows). PASx25. (E) Alkaline phosphatase
activity in epithelium of proximal intestine. B-glicerophosphatex4. (F) Alkaline phosphatase activity in submucosa of distal

intestine B-glicer ophosphatex4

are interpersed with goblet cells. Goblet cells were
intensely PAS and AB pH 2.5 positive. A discrete
pisitivity is observed after AB pH 0.5and AB pH 1.
The columnar epithelium presented anintenseakaine
and acide phosphataseactivity. Thehistochemicd results
for pyloric caecaare summarized in TABLE 4. The
histology and enzymatic activity of pyloric caecain A.
regiusareshowedinfigure2.

| nstestine

Themeagreintestinewasrd atively short with gross
walls. It presented agreater diameter in the proximal
zonethat decreased to the medium zone and bring to
enlargeagainintheanal zone. Theintestina mucous
showed longand degp primary and secondary foldslined
by asmple columnar epithelium characterized by the
presence of theenterocytes (abpsortivecdls); numerous
goblet cells are scattered among this columnar cells.
Goblet cellswereabundant in the proxima part of the
intestineand decreased in number inthedigta part.

Theepithdium cdlssurfaceexhibited short microvilli-
brush border-. The submucosa consisted of loose
connective tissue and blood vessels. The serosa
cons sted of connectivetissue containing capillaries.

The intestine portion next to stomach (so call
“anterior’ or “proximal” intestine) showed more primary
and secondary foldsthan theintestinedistal portion,
the mucous cells were abundant and submucosais

thicker thanthemucosalayer.

The intestine portion next to the anus (so call
“posterior” or “distal” intestine) showed a decrease of
the quantity and length of the folds. The quantity of
secondary folds decreased sinceto disappear toward
to rectal zone and the quantity of primary folds
decreased and increased hisdiameter. The muscul ar
layer diameter isgreater intherecta zonenext to recta
zone. The quantity of mucous cells decreased respect
totheproxima intestine.

Thehistochemica propertiesof proxima and distal
intestinevaried in some aspects. Most mucous cells of
theproximal and distal intestine stained with PASbut
the columnar epithelium in thedistal portion stained
intensely withAB pH 2.5 and inthe proximal portion
thisreactionisweak. Themucouscellsof the proximal
intestine presented abundant carboxyl-rich
glycoconjugates (sulphated or not) and a lesser
proportion of sulphated glycoconjugates (weakly
ionised). Inthedista portion the quantity of carboxyl-
rich glycoconjugates was greater in the columnar
epithdium. Thedkaine phogphataseactivity washigher
inthemucosal epithelium of proximd intestinecompared
to the distal intestine. On the other hand, acid
phosphatase activity wasstronger than thedkalineone
inthedista intestine. Thereaction of both enzymesat
theepitheliumwasmoresignificant than at themuscular
or submucosal level. The histochemical results for

e, BIOCHEMISTRY
Au Tudian Yournal



14 Histochemistry of the digestive tract in meagre (Argyrosomus regius)

BCAIJ, 5(1) 2011

Regular Peper ===

TABLE 1: Histochemical reactionsused to detect car bohy-
drates, proteinsand enzymes

Reactions References
Carbohydrates

Periodic Acid Schiff (PAS)
Glycogen, neutral mucosubstances and/or McManug®3
g yc;oconj ugates
égll:gxa[l;ﬁ:gwAg?y)/c%}:oijigata (sulphated or not) Steedman'™
Al MBS A IES o sl
ﬁl\ll Zﬁ(r?yBil (l)ﬁ 2; )1.0, Sulphate glycoconjugates Steedman™
Alcian BI_ue pH 0.5, Sulphate glycoconjugates Steedmant™
(strongly ionised)

Proteins
Bromophenol Blue (BB), General protein Maziaet al >

Enzymes
B-glycerolphosphate pH 9.4, Alkaline phosphatase (ALP) ~ Gomori!*®
B-glycerolphosphate pH 5.5, Acid phosphatase (ACP) Gomoril*?

proxima anddigtd intestinearesummarizedin TABLE
5 and 6. The histology and glycoconjugate
histochemistry of theproximal and distal intestinein A.
regiusareshowedinfigure3.

DISCUSSION

Thefishdigestivetract showsamarked diversity in
itsmorphol ogy and function influences by phylogeny,
corpora sizeand diet and/or type of feeding*6:7:2-24,
but it showssomebasic structura similarities?.

Themeagre, isvery voraciousand usudlyisfed on
mugilides, clupeids and some swimming crustaceans.
Thistypeof feeding (carnivorous) justifiesthedigestive
tract morphol ogy'®!.

Oesophagus

Inmost teleost fish, oesophagusisshort and thick
walled; the muscularisis comprised of interweaving
skeletal muscle fibres that may extend as far asthe
stomach. Thestratified cubical or columnar epithelium
may beciliated and containsnumerousgoblet cellsand
occasiondly taste buds. Inaddition, multicdlular serous
or cardiac glands may be found subsequently. The
mucosaisthrownintolongitudina foldsthat end at the
stomach. Theserosacontains prominent nervefiversof
thevagus nerve’®2,

The A. regius oesophagus presented an ample
diameter and muscular walls and it was constituted

fundamentally by neutra mucosubstances, being
apprai sed dightly the presence of sulfomucines. The
exisenceof neutrd mucosubstancesand sulfomucinesin
the oesophagi mucous cdlls of thefishesisconstant(2?7;
the secretion of these compounds could protect of the
abrasion that produce nutritiond particles®.

Somach

A. regius presented a muscular appearance
stomach of small light and sac shape. In most tel eost
fish, thegastric mucosais composed by s mplecolumnar
epithelium that stainsby “orange G” of the VOF?%.
Theexisenceof microvilli ingastricepitheid cdlswith
the presenceof neutra mucosubstancescouldtoimply
certain absorptivefunctionin the ssomach assuggested
Ezeasor and Stokoe? in other teleost fish. Thelamina
propriais composed by connective tissue supports
gastric glands. Gastric glands can be observedinthe
oesophagus-stomach trangition of themeagredigestive
tract, these glands are also observed in Seriola
dumerlii® and are not observed in some other teleost
fishlike Solea senegalensiS®. Simpletubular gastric
glandsareformed by acidophilic granulesand havea
basophilebasal nucleus. Gastric glandsare present by
amost totality of stomach likein gilthead seabream,
Sparusauratal?’, inmeagreis observed adecreasing
and disappearing of these glandsinthe portion next to
intesine.

Stomach epithelium contains a high amount of
neutral mucosubstances being observed a weak
presence of acid mucosubstances, Murray et al.=%
indicated that the chemical composition of thegastric
mucosavariesbetween the speciesand it isfunction of
the diet. Neutral mucines have been described in
stomach epithdium of Sparusauratal®*? and Senega
sole, Solea senegalensis”™ and have been related to
thedisaccharidesabsorption of easy digestion and fatty
acidsof short chain. Themucines presenceinthegastric
glands of teleost fish has been related with the type of
feeding, suggesting that apiscivorousdiet doesnot seem
to demand any special carbohydrate, secreting
indifferently neutral mucinesor sulfomucines. According
to Reifell and Travill®¥, thesulfomucinessecretionin
the gastric cryptsof different speciesincreaseswhen
diminishes the prey size ingested, not observing
sulfomucinesin piScivorous SPecies.
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TABLE 2 : Histochemical distribution of carbohydrates,
proteinsand enzymesin oesophagusof Argyrosomusregius
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TABLE 3: Histochemical distribution of carbohydrates,
proteinsand enzymesin stomach of Argyrosomusregius

PAS AB25E-AB25AB10AB05 BB ACP ALP PAS AB25E/AB25AB10AB05 BB ACP ALP
Epithelium + -1+ - - - + + Epithelium + -+ - - -1+ +
Globet cells ++/++++/++ - - I+ 4+ Gagtricgland  +++  + - - -1+ ++ 4+ +
Lamina Propia +/++ + - - -1+ + +++ - Laminapropia + + - - -1+ + [+ 4
Submucosa +1++ + - - -1+ + +/+4+ - Submucosa  +/++ + - - -1+ + +/++ +
Muscular +/++ ++/+++ ++ Muscular +/++  + I+ [+ - +

Results are reported considering the intensity of histochemical
staining: - (unstained), + (weak staining), + + (moderate
staining), + + + (intense staining)

TABLE 4 : Histochemical distribution of carbohydrates,
proteinsand enzymesin pyloric caeca of Argyrosomusregius

Results are reported considering the intensity of histochemical
staining: / (unstained), + (weak staining), + + (moderate
staining), + + + (intense staining)

TABLE5: Histochemical digtribution of car bohydr ates, proteins
and enzymesin proximal intestineof Argyrosomusregius

E-AB

PASAB 25E-AB 25AB 1.0AB0.5 BB ACP ALP PAS AB25 —,.° AB10 ABOS5 BB ACP ALP
Epithelium + - - - - - ++ -/+ Epithelium + + e+ )+
Globetcells  +++ ++ +++ o+ [+ Globet cells P Py + +
LaminaPropia + - - - - + o+ o+ LaminaPropia +/++ +/++ - -1+ -1+ I+ + I+
Submucosa + -+ -1+ + +/+++/++  Submucosa iy Uy oI+ S+ + + +
Muscular + + -+ -+ -+ Muscular + + R R o T S s

Results are reported considering the intensity of histochemical
staining: / (unstained), + (weak staining), + + (moderate
staining), + + + (intense staining)

I ntestineand pyloric caeca

TheA. regiusintestineisre atively short withgross
wadlls. It presentsagreeter diameter inhisproxima zone
that diminishingtowardsonemiddle portionfromwhich
it returnsto be high towardsrectal region. Openedto
intestine proxima portionwefound prolongationsblind
of adenominated pyloric caecathat in the case of the
meagre areinanumber of nine.

Although the intestine length is not correlated
necessarily with thefunctiona surface of themucosd®
isevident that thesmdller length of theintestine of some
carnivorouste eost fishiscompensated withacomplex
relief of you fold mucousthat increasetheareaor the
surfacethat takes part in the digestive processes. The
mucous folds present different morphologiesin the
different areasfrom thedigestivetract®. Thesemucous
folds increase the secretory-absortive surface of
digestivetract and they even can retain thefood. The
functiona surfaceof themucosaadjuststo thevariation
of secretionsand the absorptive demand®. Thepattern
of mucousfoldsobservedin meagreextendsfrom short
foldsof the oesophagusthrough to abundant and greater
foldsthan wefound in the stomach and the degp and
numerousfoldsof the proxima intestinewherewecan

Results are reported considering the intensity of histochemical
staining: / (unstained), + (weak staining), + + (moderate
staining), + + + (intense staining)

observe primary and secondary ramifications. The
number and thelength of thesefoldsdiminishtowards
therecta region.

Theintestind mucosaiscomposad by columnar cdls
(enterocytes) and gobl et cells. The specific processes
of absorption are produced at enterocytes level that
presents prismatic columnar shape and aspecidized
freesurfacewith brush border. Intheabsorption process
participant the neutral mucosubstances and alkaline
phosphatase presentsin meagreintestina epithelium of
themeagre and other tel eost fishi32,

Inthe meagreintestine, A. regius, emphasisethe
presenceof animportant production of rich glycoproteins
with hydroxyls groups (PAS positive) as well as
carboxyl-rich acid mucosubgtances. Theneutrd mucines
could cooperatein theenzymatic digestion of thefood.
These mucinesand the detected a kaline phosphatase
activity in the -brush border- could participate in
absorptivefunctionsaswel asinthemacro-molecule
transport through themembranes®.

In Sparus auratal®, the goblet cells contain
sul phated sialomucines partially acetyl ates because
increases the positivity to the PAS after making an
alkaline saponification and asmall number of cells
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TABLE 6 : Histochemical distribution of carbohydrates,
proteinsand enzymesin distal intestineof Argyrosomusregius

PAS AB 25E-AB 2.5AB 1.0AB 0.5 BB ACP ALF

Epithelium + +++ - + + R I

Globetcells ++/++++/++ -+ +/++ -
LaminaPropia ++ + S+ -+ o+ + )+
Submucosa ++ + I+ -+ o+ + o+ +
Muscular -+ + ]+ -]+ +

Results are reported considering the intensity of histochemical
staining: / (unstained), + (weak staining), + + (moderate
staining), + + + (intense staining)

containsneutral mucosubstances/glycoprotein. Reifel
and Travill®7 suggested that the presence of two or
more types of carbohydrates in the epithelium is
indicative of different levelsfrom maturation in the
mucoussecretion, synthesizingfirst neutra glycoprotein.
In meagre, PA Sreaction presentshigh positivity inthe
goblet cellsof proxima intestine, presentingasmaller
intengty inthedigtal intestine. These carbohydratescan
provide aprotection for theintestinal mucosaof the
gastric materia acidity™ and preservetheir hidratation
degree of 39,

In higher vertebrates, the mucus secreted by the
goblet cells (neutral and acid mucosubstances) takes
part inthe cells protection against the autodigestion at
level of theproxima intestine, whileinthedista portion
it participatesinthelubrication of thefecad material™.

Enzymaticactivities

Thestudy of the hydrolytic enzymesintheteleost
fish digestive tract has been treated by different
authorg®"4-41, The phosphatase activitiesdistribution
inthemeagredigestivetractissimilar to describedin
other teleost fish”243, Acid and alkaline phosphatases
arewidely distributed in different organsand tissues
from vertebrates. They are present in numerous
biologicd functions: digestiveabsorption, secretion, bone
formation, activetransport through membranes, etc.*e!.
Alkaline phosphatase participatesin processes of bone
formation and calcification, secretion, etc.*”. On the
other hand, Overnd |8 indicated thelisosomic origin
and digegtivefunction of phogphataseacidinthepyloric
caecaand mesentery associated in Gadus mohrua.

Inmeagre, isobserved ahigh acid phosphatasein
the gastric glandsand laminapropriaof the stomach;
being the a kaline phosphatase activity more patent at

BIOCHEMISTRY (mm—

level of columnar epithelium of theintestine (apical
portion and brush border of the enterocytes).

The no presence of the phosphatase activitiesin
the stomach mucosaand itspositivity in the glands of
anterior regionisaso observed in the studiesmade by
Vegas-Vel ez that affirmsthat the stomach pyloric
region of different teleost fish does not have greater
digestive importance because the rate of enzymatic
secretionsisvery low. Inthedifferent portionsfrom
intestine (dista and proximal) the phosphataseactivities
digributionissmilar.

Comparing the phosphatase activitiesdistribution
in intestine and pyloric caeca of meagre we did not
observe appreciable differences. Thisfact could be
interpreted dueto the similar histology of these two
portionsof thedigestivetract in different teleost fish™.
Theabsorption of lipids, aninoacidsand carbohydrates
isrelated with thelocation of dkalinephosphatase. The
devel opment of thisenzymatic activity agreeswith the
appearance of the brush border in the enterocytes,
Increasing its presence with the consumption of these
substances and proteing3654,

Thedistribution of acid phosphatasein meagreis
amilar tothedkaline phosphatase, dthoughitsintensty
isfrom mediumto strong. Onedistribution compares
between acid and akaine phosphatase was observed
by Gonzalez de Canales®.

Due to the histological and histochemical
characteristicsdescribed in thiswork could suggest one
secretory function for somach and secretor-absorptive
for theintestineand pyloric caeca.
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