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This cytochemical  study  investigated  the  acid  and  alkaline  phosphatase  of  the  digestive  tract  of Hemisoru-
bim  platyrhynchos. Acid  phosphatase  was  detected  in the  lining  epithelium  throughout  the digestive  tract,
whereas  alkaline  phosphatase  was  only  observed  in  the intestine.  In  the esophagus,  an  acid  phosphatase
reaction  occurred  in  the  apical  cytoplasm  of  the  epithelial  cells  and  was  related  to epithelial  protection
and  freeing  of  superficial  cells  for sloughing.  Similar  results  were  also  observed  in  epithelial  cells  of  gas-
tric epithelium.  In the  gastric  glands,  acid  phosphatase  occurred  in  lysosomes  of  the  oxynticopeptic  cells
acting  in the  macromolecule  degradation  for use  as an energy  source,  whereas  in  the  vesiculotubular  sys-
tem,  its presence  could  be  related  to secretion  processes.  Furthermore,  acid  phosphatase  in the  intestine
occurred  in  microvilli  and  lysosomes  of the enterocytes  and  was  correlated  to  absorption  and  intracellu-
lar  digestion.  However,  no difference  was  reported  among  the  regions  of the  intestine.  However,  alkaline

phosphatase  reaction  revealed  a large  number  of  reaction  dots  in the  anterior  intestine,  with  the  number
decreasing  toward  the posterior  intestine.  This  enzyme  has  been  related  to  several  functions,  highlighting
its  role  in  the  nutrient  absorption  primarily  in the  anterior  intestine  but also  being  essential  in pH  regu-
lation  because  this  is a carnivorous  species  with  many  gastric  glands  with  secretions  that  could  damage
the  intestine.

© 2016  Elsevier  GmbH.  All  rights  reserved.
. Introduction

The characterization and localization of the enzymes may  help
o elucidate the physiology of the organs of the digestive tract of

sh and to resolve several nutritional and health problems in fish

eeding. Several researchers have studied acid and alkaline phos-
hatase in fish digestive tract (Sastry, 1975; Chakravorty and Sinha,

∗ Corresponding author at: Institute of Biomedical Sciences, Federal University of
berlândia – UFU, 1720 Pará Avenue, 38.400-902, Uberlândia, MG,  Brazil.

E-mail address: claudemirkf@ufu.br (C.K. Faccioli).

ttp://dx.doi.org/10.1016/j.acthis.2016.08.001
065-1281/© 2016 Elsevier GmbH. All rights reserved.
1982; Harpaz and Uni, 1999; Arellano et al., 2001; Kozarić et al.,
2004; Kuz’mina, 2008; Mir  and Channa, 2010). Acid phosphatase
in mucosa of the digestive tract could play a role in the freeing of
superficial cells for sloughing (Hopwood et al., 1978) and in pro-
tection against harmful agents (Kent et al., 1966), as well as being
correlated to the absorption and transport of metabolites (Mir  and
Channa, 2010), which serves as a marker of lysosomes (Kuz’mina,
2008). The absorption of nutrients by pinocytosis and subsequent

intracellular digestion by the lysosomes enzymes in the enterocytes
in fish has been discussed, and may  be important to complement
the luminal digestion (Govoni et al., 1986; Murray et al., 1996).

dx.doi.org/10.1016/j.acthis.2016.08.001
http://www.sciencedirect.com/science/journal/00651281
http://www.elsevier.de/acthis
http://crossmark.crossref.org/dialog/?doi=10.1016/j.acthis.2016.08.001&domain=pdf
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ig. 1. Acid phosphatase reaction in the esophagus of H. platyrhynchos.  (A and B) E
pithelial cell with small dots of reaction. (D) Nucleus of goblet cell, exhibiting smal
c-epithelial cell; gc-goblet cell; n-nucleus; g-granules; arrow-opening of goblet ce

Alkaline phosphatase is a widely distributed enzyme in differ-
nt organs., Silva et al. (2010) reported that in fish intestine this
s the predominant enzyme of the brush border of enterocytes,
eing expressed by active and mature enterocytes (Zambonino-

nfante and Cahu, 2001). According to Harpaz and Uni (1999), the
nterior region of the intestine in tilapia hybrids showed high
ctivity levels of alkaline phosphatase, which was  related with pro-
ein degradation. This enzyme is found in cell membranes where
ctive transport takes place and plays a role in nutrient absorp-
ion (Roubaty and Portmann, 1988; Dupuis et al., 1991; Gawlicka
t al., 1995; Moraes and Almeida, 2014). According to Lallès (2010),
lkaline phosphatase acts as a regulator of fat absorption and also
articipates of regulation of surface pH and bicarbonate secretion.
urther, Bates et al. (2007) showed that the intestinal alkaline phos-
hatase, located in the brush border of Danio rerio, could promote
ucosal tolerance to resident gut bacteria. In this sense, Lallès

2010) concluded that alkaline phosphatase has a pivotal role in
ntestinal homeostasis.

The studied species belongs to the Pimelodidae family and Silu-
iformes order, which includes large catfishes and is distributed
hroughout Neotropical regions. Fishes of this family are highly
ppreciated for aquaculture because of the quality and flavor of
heir meat and the absence of intramuscular bones. Hemisorubim
latyrhynchos,  popularly called “jurupoca” in Brazil, is a migra-
ory species with nocturnal carnivorous habit. The population
ize of this species has been reduced mainly due to building of
ydroelectric dams that interrupt the migration flow required for
eproduction (Bressan et al., 2009). Previous studies have described
he morphology of the digestive tract of H. platyrhynchos (Faccioli
t al., 2014, 2015). Thus, the current study analyzed the cytochem-

stry of the acid and alkaline phosphatase of the digestive tract of
. platyrhynchos to understand the morphophysiology of the car-
ivorous catfish digestive tract.
geal epithelial cell showing small dots of reaction near microridges. (C) Nucleus of
ron-dense dots. (E) Club cell nucleus, showing small electron-dense dots. Legends:

owhead-microridge. Bars: (A) 2 �m; (B) 200 nm;  (C and D) 500 nm;  (E) 200 nm.

2. Materials and methods

2.1. Animals

The fishes of this study were obtained from Piraí Pisciculture
in Terenos, MS  Brazil. Fifteen adult specimens (37.4 ± 3.4 cm total
body length) were fasted for one day to empty the digestive tract
and were later anesthetized and euthanized with an overdose
of benzocaine. Digestive tracts were dissected and fragments of
the esophagus, stomach (cardiac, fundic and pyloric regions) and
intestine (anterior, middle and posterior) were fixed in 1% glu-
taraldehyde in 0.1 M sodium cacodylate buffer, pH 7.2, for 1 h, at
4 ◦C and they were intended for acid and alkaline phosphatase
detection.

2.2. Detection of acid phosphatase

The fixed fragments of each organ were rinsed in 0.1 M sodium
cacodylate buffer, pH 7.2, and then incubated at 37 ◦C for 1 h in
25 mg  of cytidine-5′-monophosphate, 12 mL distilled water, 10 mL
0.05 M acetate buffer (pH 5.0) and 3 mL 1% lead nitrate (Pino et al.,
1981). After incubation, the samples were once again fixed in 2.5%
glutaraldehyde, in 0.1 M sodium cacodylate buffer, pH 7.2; they
were then post-fixed in 1% osmium tetroxide in the same buffer for
2 h, in the dark. Samples were again rinsed several times in 0.1 M
sodium cacodylate buffer and block-stained with an aqueous solu-
tion of 2% uranyl acetate for 2 h. Samples were then dehydrated in
a graded acetone series and embedded in Araldite resin. Ultra-thin

sections (60–80 nm)  were mounted on copper grids and analyzed
without post-staining. Controls were incubated in medium without
substrate. The photodocumentation was performed with a Philips®

CM100 transmission electron microscope (Netherlands).
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Fig. 2. Acid phosphatase reaction in the stomach of H. platyrhynchos.  (A) Gastric epithelial cells showing small electron-dense dots among secretory granules and in the
apical  surface. (B) Nucleus of epithelial cell with many electron-dense dots. (C) Apical region of epithelial cells, exhibiting electron-dense dots in the apical surface. (D–F)
Oxynticopeptic cells showing cytoplasm with electron-dense lysosomes and lamellar bodies reactive to acid phosphatase. (G) Apical region of oxynticopeptic cells, exhibiting
reaction in some membranes of the vesiculotubular system. Legends: g-granules of epithelial cell; lu-lumen; m-mitochondria; vt-vesiculotubular system; star-lamellar
b dots in
a 2 �m;
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odies;  arrow-reaction in membranes of the vesiculotubular system; white arrow-
rrowhead-lysosomes in oxynticopeptic cell; asterisk-zymogene granule. Bars: (A) 

.3. Detection of alkaline phosphatase

The fixed fragments of each organ were rinsed in 1.4 mL  0.2 M
ris-HCI buffer (pH 8.5), supplemented with 8% sucrose. The sam-
les were later incubated at 37 ◦C for 1 h in 0.2 M Tris-HCI buffer
pH 8.5), 1 mM ß-glycerophosphate, and 2 mM CeCl3 (Robinson and
arnovsky, 1983). After incubation, the samples were once again
xed in 2.5% glutaraldehyde, in 0.1 M sodium cacodylate buffer,
H 7.2 and then post-fixed in 1% osmium tetroxide, in the same

uffer for 2 h, in the dark. Afterwards, the samples were rinsed again
everal times in 0.1 M sodium cacodylate buffer and block-stained
ith an aqueous solution of 2% uranyl acetate for 2 h. Subsequently,
 nucleus of oxynticopeptic cell; arrowhead-reaction dots in epithelial cells; white
 (B) 1 �m;  (C) 500 nm;  (D) 2 �m; (E–G) 500 nm.

they were dehydrated in a graded acetone series and embedded in
Araldite resin. Ultra-thin sections (60–80 nm) were mounted on
copper grids and analyzed without post-staining. Controls were
incubated in medium without substrate. The photodocumenta-
tion was  performed with a Philips® CM100 transmission electron
microscope (Netherlands).

2.4. Ethical note
The current study was approved by the Committee for Ethics in
Research of the Institute of Biosciences, Letters and Exact Sciences
– UNESP, S. J. Rio Preto SP Brazil, by Protocol n. 075/2013.
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Fig. 3. Acid phosphatase reaction in the intestine of the H. platyrhynchos.  (A) Anterior intestine, showing reaction in the microvilli and nucleus of enterocytes and absence
o erocyt
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f  reaction in goblet cells. B: Reaction in the nucleus of enterocytes. (C and D) Ent
nterocyte microvilli. Legends: gc-goblet cell; n-nucleus; nc-nucleolus; arrow-lysos
E)  1 �m;  (F) 250 nm;  (G) 100 nm.

. Results

Cytoenzymological reactions revealed that acid phosphatase
as located throughout the epithelium lining the digestive tract

f H. platyrhynchos,  whereas alkaline phosphatase only occurred
n the intestine. The esophageal mucosa was lined by stratified
quamous epithelium composed of epithelial, goblet and club
ells. The epithelial cells were distributed in all epithelium strata
nd they also formed a continuous apical layer of cells. In this
pical layer, the epithelial cells showed acid phosphatase reac-
ion in an apical cytoplasm, forming small electron-dense dots
ear microridges (Fig. 1A and B). The nucleus of the epithelial,
oblet and club cells also reacted to acid phosphatase, with the
eaction occurring more intensely in the epithelial and goblet
ells (Fig. 1C–E). The cytoplasm of basal epithelial cells and the
ytoplasm of goblet and club cells did not react to acid phos-
hatase.

The stomach of H. platyrhynchos was lined by simple columnar
pithelium with gastric glands in the cardiac and fundic regions.
cid phosphatase reaction occurred in the gastric epithelial cells
mong the secretory granules and in the apical surface in contact
ith the plasma membrane, forming a continuous electron-dense

eaction (Fig. 2A and C). Intense reaction to acid phosphatase was
eported in the nucleus of epithelial cells (Fig. 2B). Acid phosphatase

eaction also occurred in cytoplasm of oxynticopeptic cells of gas-
ric glands in lysosomes and lamellar bodies (Fig. 2D–F). Moreover,
he apical cytoplasm presented a vesiculotubular system with acid
e lysosomes, exhibiting electron-dense reaction. (E–G) Electron-dense reaction in
rrowhead-reaction in microvilli. Bars: (A) 2 �m; (B) 500 nm;  (C) 1 �m;  (D) 500 nm;

phosphatase reaction in some membranes (Fig. 2G). The nucleus of
oxynticopeptic cells also reacted to acid phosphatase (Fig. 2F).

The intestine was lined by simple columnar epithelium with
enterocyte and goblet cells. The goblet cell’s cytoplasm did not
react to acid or alkaline phosphatase. In enterocytes, the basal
nucleus showed intense reaction to acid phosphatase (Fig. 3A
and B). Cytoplasm enterocytes presented a few rounded electron-
dense vesicles reactive to this enzyme (Fig. 3C and D).  Enterocyte
microvilli also reacted to acid phosphatase (Fig. 3E–G). Although
acid phosphatase reacts throughout the intestine, no variation in
reaction intensity occurred among the different regions.

Alkaline phosphatase was  only detected in the intestine. The
most conspicuous localization of alkaline phosphatase reaction
occurred in the enterocyte’s microvilli (Fig. 4A–F). A large number
of reaction dots were reported in microvilli of the anterior intes-
tine, with the number decreasing towards the posterior intestine
(Fig. 4A–F). The enterocyte’s cytoplasm also showed small reaction
dots. Acid and alkaline phosphatase reactions were not reported in
the control groups (Fig. 4G).

4. Discussion

In this cytoenzymological study, acid phosphatase reaction was

detected in the cytoplasm of esophageal and gastric epithelial cells,
in the cytoplasm of oxynticopeptic cells, and in the microvilli and
cytoplasm of enterocytes. Furthermore, acid phosphatase reaction
also occurred in the nucleus of cells of the mucosa layer throughout
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ig. 4. Alkaline phosphatase reaction in the intestine of the H. platyrhynchos.  (A 

howing a moderate reaction. (D–F) Posterior intestine, note the weak reaction in m
F  and G) 500 nm.

he digestive tract, primarily in gastric epithelial cells, oxynticopep-
ic cells and enterocytes. Several researchers have reported the
resence of nuclear acid phosphatase in fish (Calzada et al., 1998;
óbrega and Quagio-Grassiotto, 2007; Guimarães and Quagio-
rassiotto, 2008). According to Nóbrega and Quagio-Grassiotto
2007), acid phosphatase reaction in the nucleus of Leydig cells of
errasalmus spilopleura was interpreted as a variation of the nuclear
unctional state. Consequently, acid phosphatase in the nucleus
) Anterior intestine, exhibiting strong reaction in microvilli. (C) Middle intestine,
illi. (G) Control group, without reaction. Bars: (A–C) 500 nm; (D) 1 �m; (E) 250 nm;

could activate or inhibit some key enzymes related to gene expres-
sion (Cruz Landim et al., 2002; Guirong et al., 2007).

The acid phosphatase enzyme has been reported in an esopha-
gus of many fishes, such as Heteropneustes fossilis and Cirrhinus reba
(Sastry, 1975), Catla catla (Chakravorty and Sinha, 1982), Perca flu-

viatilis (Hirji, 1983), Solea senegalensis (Arellano et al., 2001), and
Merluccius merluccius (Kozarić  et al., 2004). In H. platyrhynchos,
this enzyme was  located in the apical cytoplasm of epithelial cells.
According to Faccioli et al. (2014), H. platyrhynchos is a carnivo-
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ous fish that swallow whole prey, which exposes the esophageal
pithelium to constant abrasion. Therefore, the acid phosphatase
bserved in apical epithelial cells probably plays a role in epithelial
rotection and freeing of superficial cells for sloughing, as char-
cterized to Hopwood et al. (1978) in studied human esophageal
pithelium.

In the fish stomach, acid phosphatase was observed in the
pithelial cells of Merluccius merluccius (Kozarić et al., 2004) and
n mucosa and lamina propria-submucosa of Solea senegalensis
Arellano et al., 2001). According to Kent et al. (1966), acid phos-
hatase in the gastric mucosa was associated with the epithelial
rotection against harmful agents, suggesting that epithelial cells
an protect the gastric mucosa of H. platyrhynchos,  as well as could
romote the sloughing process (Hopwood et al., 1978). In gas-
ric glands of H. platyrhynchos,  acid phosphatase was  detected
n lysosomes, lamellar bodies and the vesiculotubular system in
he oxynticopeptic cells. Lysosomes are the cell’s main digestive
ompartment to which all sorts of macromolecules are delivered
or degradation (Lüllmann-Rauch, 2005), while the multilamel-
ar bodies are residual bodies of phagosomes, which result from
igh metabolic activity of cells (Guimarães and Quagio-Grassiotto,
008). However, Kozarić  et al. (2004) correlated acid phosphatase

n the gastric glands of Merluccius merluccius with the secretion
rocess. In this sense, acid phosphatase in the vesiculotubular sys-
em of the oxynticopeptic cells of H. platyrhynchos can be involved
n secretion process, while its presence in lysosomes and lamellar
odies probably indicates the degradation of macromolecules for
se as an energy source.

Acid phosphatase was detected throughout the intestine of H.
latyrhynchos.  The wide distribution of acid phosphatase in the
nterocytes may  be correlated to the absorption and transport of
etabolites in fish (Mir  and Channa, 2010). According to Sosa et al.

1993), lysosome acid phosphatase is involved in internalization
rom the plasma membrane via the clathrin-coated pits, which jus-
ifies its localization in the microvilli of H. platyrhynchos.  On the
ther hand, the presence of acid phosphatase in the lysosomes
f enterocytes in the studied species could be associated with
ntracellular digestion. Several authors have suggested pinocytotic
bsorption and intracellular protein digestion mainly in posterior
ntestine as an alternative pathway of protein digestion in teleost
Rombout et al., 1985; Govoni et al., 1986; Murray et al., 1996). The
urrent cytochemical study revealed no difference in the quantity
r intensity of acid phosphatase among intestinal regions. Accord-
ng to Wilson and Castro (2010), the quantitative significance of
inocytotic protein uptake for the intracellular digestion is ques-
ionable and the most absorption in fishes occurs in the anterior
ntestine. In this sense, the present study showed a strong alka-
ine phosphatase reaction compared with acid phosphatase in the
nterior intestine of H. platyrhynchos.  Moyano et al. (1996) reported
imilar results in Sparus aurata larvae and suggested a greater sig-
ificance of the intestinal absorption of macromolecules in relation
o the pynocitic processes.

Alkaline phosphatase is an enzyme related to cell membranes
here active transport takes place and acts in nutrient absorp-

ion (Roubaty and Portmann, 1988; Dupuis et al., 1991; Gawlicka
t al., 1995; Lallès, 2010; Moraes and Almeida, 2014). Villanueva
t al. (1997) concluded that an important function of alkaline
hosphatase in the intestine of Cyprinus carpio was the dephos-
horylation of nutritional compounds, this was especially apparent
hen the high amount of the enzyme in the first intestinal seg-
ent was taken into account. The present study revealed a large

umber of reaction dots to alkaline phosphatase in enterocyte’s

icrovilli in the anterior intestine, with the number decreasing

owards the posterior intestine of H. platyrhynchos.  Similar results
ere observed in Heteropneustes fossilis (Sastry, 1975), Colisa fas-

iatus and Macrognathus aculeatus (Tyagi et al., 1980), Oreochromis
mica 118 (2016) 722–728 727

niloticus (Smith et al., 2000), and hybrid tilapia (Hakim et al., 2006).
According to Faccioli et al. (2014, 2015), the anterior intestine of H.
platyrhynchos presents thick folds and long microvilli. In this sense,
this cytoenzymological study corroborates the hypothesis that the
anterior intestine of the studied species is the main site of absorp-
tion. Furthermore, intestinal alkaline phosphatase participates in
regulation of surface pH and bicarbonate secretion (Lallès, 2010).
Consequently, the strong alkaline phosphatase reaction in the ante-
rior intestine of the H. platyrhynchos reveals the importance of this
enzyme in epithelial protection because this organism is a carniv-
orous species with many gastric glands, the secretions of which
could damage the intestine. According to Bates et al. (2007), intesti-
nal alkaline phosphatase of Danio rerio could dephosphorylate and
detoxify the endotoxin component of lipopolysaccharide of the gut
microbiota, promoting mucosal tolerance to resident gut bacteria.
Thus, alkaline phosphatase observed throughout the intestine of
H. platyrhynchos is essential to functionality of this organ, having a
pivotal role in intestinal homeostasis (Lallès, 2010).
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estado de São Paulo: Vertebrados. Fundaç ão Parque Zoológico de São Paulo:
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