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ABSTRACT

Lake Van is among the largest soda lakes in the world. The Van fish is an endemic species of the carp family
living in Lake Van. In order to breed, they migrate in flocks to the streams flowing into the lake between April and
July, depending on the water temperature. After the fish lay their eggs in the fresh water, they return to Lake Van. In
this study, goblet cells in the digestive tract of Van fish during reproductive migration were labeled with periodic
acid-Schiff, Alcian Blue pH 2.5, Alcian Blue pH 1.0, Alcian Blue pH 0.5, and aldehyde fuchsin dyes. Changes in cell
localization, density, and area were determined in different parts of the digestive tract in goblet cells containing neu-
tral, acidic, O-sulfate ester, strongly sulfated, and sulfated acidic glycoconjugate. In the esophagus, goblet cells were
only observed in the fish from Lake Van. Although goblet cell size and density varied in other parts of the digestive
tract, all glycoconjugates were labeled. In the digestive tract of fish from the lake, the goblet cell areas were large,
but the cell density was low, whereas the situation in the digestive tract of fish sampled from the streams was the
opposite. It was concluded that the main reason for the goblet cell change in the digestive tract of VVan fish is related
to its feeding behavior and habitat.
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. o . salinity). Fish caught from the lake are consumed

Th(_e Van fish (Alburnus tar_'Ch"_ Clauld.enstadt, by the local people as a high protein food source,
1814) is an endemic carp species living in Lake  anq contribute positively to the local economy
Van. It is the only vertebrate species adapted to the  (DANULAT and KEMPE, 1992: DANULAT and

extreme conditions of the lake (pH 9.8, high alka- ~ SELCUK, 1992).
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While the Van fish fulfills its functions, such as
growth and nutrition, in the lake, it moves to the
fresh waters flowing into the lake to reproduce.
When the fish reach reproductive maturity (+3
years old), they move en masse into fresh waters
that flow into the lake to lay their eggs. This tran-
sition takes place in April-July, depending on the
water temperature. The fish adapt by waiting down-
stream due to the different physicochemical con-
ditions between the lake and river environments.
During this process, histological and cytological
changes are observed in organs and tissues respon-
sible for osmoregulation, such as the kidneys, gills,
skin, and digestive tract (OGUZ, 2013; CELEBI
and OGUZ, 2020; ALKAN and OGUZ, 2021). It
is known that the fish do not feed during breeding
migration, and are exposed to stress due to the pres-
sure of hunting. They use most of their energy by
moving against the current during the breeding mi-
gration (OGUZ, 2015).

As in all vertebrates, the alimentary canal in
fish consists of the oral cavity, pharynx, esophagus,
stomach, anterior and posterior intestine, as well as
the rectum that opens to the outside (GENTEN et

ca mucosa (LAI et al., 2009). The task of mucus
cells is to allow nutrients to slide easily along the
channel and protect the cells against the harmful
effects of chemicals. The density of mucus secreted
from cells varies according to stress, pollutants, nu-
trition, and physical and chemical damage (SHEP-
HARD, 1994). Mucins secreted from the digestive
system undertake many tasks. These include lubri-
cation, digestion, absorption, controlling infectious
diseases, and inhibiting the proliferation of harmful
microorganisms (LORETZ, 1995; DOMENEGH-
INI et al., 2005). The mucus is a highly hydrated
gel composed of 95% water and minor compo-
nents, such as 5% mucin and electrolytes (DIAZ et
al., 2008). Mucins are high molecular weight
glycoproteins. It has been stated that mucin glyco-
proteins constitute the main component of secre-
tory mucins, transmembrane mucins in the apical
membrane, and the glycocalyx (JOHANSSON et
al., 2011).

It is known that the histochemical structures of
mucins in the digestive tract of fish vary accord- ing
to species, age, and habitat (GRAU et al., 1992;
SARASQUETE et al., 2001; CAO and WANG,

al., 2009). The digestive tract of fish differs mor-
phologically and histologically from species to
species (MORRISON and WRIGHT, 1999). These
differences are caused by lifestyle and dietary hab-
its (such as omnivores, herbivores, and carnivores)
(OLSSON and HOLMGREN, 2011). In addition,
the morphology of the digestive system in fish is
related to body size, ontogeny, and phylogeny (BA-

2009). The presence and number of goblet cells
along the channel in fish varies (DOMENIGHINI
et al., 1998; SANDEN et. al., 2005). While it was
stated that the mucus content was not affected by
nutrition (ORTIZ-DELGADO et al., 2012), it was
found in some studies that goblet cell contents
changed due to the nutritional content (TIBBETTS
2005; LUZZANA et al., 2005).

NAN KHOJASTEH, 2012). Nutritional habits af-
fect stomach size and intestinal length morphologi-
cally (SANTOS et al., 2015).

Depending on the parts of the digestive tract and
the differences between species, the thickness of the
layers and the lengths of the folds forming the tuni-
ca mucosa vary. When the digestive tract is exam-
ined histologically, it consists of a serous layer of
epithelial cells, a muscularis layer of muscle cells,
the submucosa of connective tissue cells, and tunica
mucosa surrounding the lumen in the epithelial lam-
ina (TAKASHIMA and HIBIYA, 1995; GENTEN
etal., 2009; OSTASZEWSKA and MACIEJ, 2019).

Mucus is a slimy protective fluid secreted by
mucous cells (e.g. goblet cells) found in the tuni-
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Goblet cells containing neutral glycoconjugate
have a buffering effect on enzymatic digestion and
absorption, and transport of molecules in the plas-
ma membrane, as well as on the high acid content of
the stomach (PETRINEC et al., 2005). It has been
found that goblet cells containing acidic glycocon-
jugate in the posterior intestine help to remove food
residues (SHI et al., 2007).

Studies have shown that the histochemical
structures of mucins vary depending on the fish
species, age, environment, and diet (ELIA et al.
2018). In the present study, the aim was to examine
the changes in cell location, density, and areas of
goblet cells in the digestive tract during the repro-
ductive migration of Van fish.

Vet. arhiv 95 (3), 351-363, 2025



B. E. Azizoglu et al.: Goblet cells in digestive tract

Materials and methods

Fish. During the breeding migration, a total
of 20 fish were caught from Lake Van (n:10) and
streams (n:10) flowing into the lake. The fish were
anesthetized by administering phenoxyethanol
(320 pL/L). After the total length and weight of
these fish were measured, they were dissected and
the digestive tract was removed. The operculum of
the fish was removed for age determination (KA-
VAL OGUZ et al., 2021).

All of the animal experimental procedures were
performed in accordance with the animal study pro-
tocols approved by the Animal Researchers Local
Ethic Committee of Van Yiiziincii Y1l University
(protocol no: 2021/04-05).

Histology. The digestive tract, esophagus, in-
testinal bulb, and anterior and posterior intestines
were identified and removed (1 cm long piece) and
kept in Bouin’s fixative for 24 hours. Tissues were
placed in 70% alcohol after fixation. They were
passed through a graded alcohol series and embed-
ded in paraffin. Sections of 5 um were taken from
the tissues and stained with hematoxylin and eosin
(H&E), periodic acid-Schiff (PAS), Alcian blue pH
0.5, Alcian blue pH 1, Alcian blue pH 2.5, and al-
dehyde fuchsin dyes (BANCROFT and GAMBLE,
2002). The stained tissues were covered with Entel-
lan and examined under a light microscope (Leica
DMI 6000B, Germany) and photographed with a
Leica DFC 490 camera (Leica Microsystems, Ger-
many).

For quantitative histochemical analysis,
cell densities and areas were measured in fish di-
gestive tracts sampled from river and lake environ-
ments. For cell density, counts were performed in
20 areas, each with an area of 1 mm? of the ep-
ithelial section area, randomly chosen from mi-
crophotographs of the esophagus, intestinal bulb,
and anterior and posterior intestines. For cell areas,
measurements were made in 40 cells in different
sections. Measurements were performed in the
LAS program (Leica Application Suite, version
2.6.R1, Germany).

Statistics. The data were expressed as the mean
+ standard error of the mean (SEM). Raw data were
analyzed using SPSS (V 11.5, SPSS Compa-
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ny, Chicago, IL, USA). The data were analyzed by
Student’s t-test to determine differences between
the groups. Significance was accepted at P<0.05.

Results

The total weight and fork length of the caught
fish were 90-130 g and 18-22 cm, respectively. The
fish examined in the study were determined to be
3+ years old. The digestive tract content of the fish
caught in the river was empty, while the digestive
tract content was intense in the fish caught in the
lake.

The digestive tract of the Van fish consisted of
an oral cavity, pharynx, esophagus, a intestinal bulb,
and anterior and posterior intestines (Fig. 1). When
the digestive tract was examined histologically, as in
other vertebrates, from the outermost to the lumen, it
consisted of a serous layer surrounding the canal, a
muscularis layer consisting of muscle tissue, a sub-
mucosa layer consisting of loose connective tissue,
and a tunica mucosa consisting of folds and contain-
ing goblet cells in the epithelial lamina. The mucous
layer containing goblet cells consists of cells and
loose connective tissue (Fig. 2).

The esophagus, which was the first part of the
digestive tract examined, was quite short compared
to the other parts. The muscularis layer consisted of
striated muscle. The folds of the tunica mucosa
were shorter and less numerous compared to the
other parts, and there were goblet cells in it.

No true stomach structure was found after the
esophagus in the Van fish. However, there was a in-
testinal bulb that served as a structurally and histo-
logically differentiated stomach. These histological
differences are clearly seen in the tunica mucosa
and muscle tissue. The difference is that the folds
of tunica mucosa of the part that acts as the stom-
ach were longer compared to the tunica mucosa of
the esophagus and intestines. The muscularis lay-
er consists of a thin smooth muscle. The intestinal
bulb was followed by the anterior intestine. The tu-
nica mucosa of this structure was thinner than that
of the intestinal bulb. The posterior intestine was
the last part of the digestive tract and opened to the
anus (Fig. 1). The tunica mucosa with goblet cells
was thinner than the anterior one.
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Fig. 1. Photograph of the Van fish and digestive tract

OS: esophagus, IB: intestinal bulb, Al: anterior intestine,
PI: posterior intestine, RT: rectum

Goblet cell glycoconjugate content changed
during the reproductive migration of Van fish (Fig.
3). Neutral mucins were stained with PAS. While
the goblet cells containing neutral glycoconjugate
in the esophagus were quite dense in the lake en-
vironment, they were not seen in the stream envi-
ronment. The intestinal bulb, and the neutral glu-
coconjugate-containing mucus cells in the foregut
and hindgut were more dense in fish in the stream
environment, but the area was larger in fish in the
lake environment. (Fig. 4).

Alcian blue pH 2.5 dye was used to identi-
fy goblet cells containing acidic glycoconjugate.
While goblet cells throughout the digestive tract of
fish sampled from the lake and stream showed pos-
itive results with Alcian blue pH 2.5, a difference
was observed in their density (Fig. 5). The area of
goblet cells containing acid glycoconjugate was
largest in the fish esophagus in the lake environ-
ment. There was an increase in the area of these
cells from the intestinal bulb towards the posterior
intestine (Fig. 6A). The densities of the goblet cells
containing acid glycoconjugate were higher in the
esophageal part in the lake environment, while in
the other parts it was higher in the fluvial environ-
ment. (Fig. 6B).

Mucous cells containing O-sulfate ester gly-
coconjugate were determined in some parts of the
gastrointestinal tract of the Van fish. Digestive sys-
tem sections were stained with Alcian blue pH 1.0
dye. While goblet cells containing O-sulfate ester
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Fig. 2. Transverse section of the digestive tract stained
with H&E

The esophagus (A, B), intestinal bulb (C, D), anterior gut
(E, F), and posterior gut (G, H) (A, C, E, G: lake; B, D, F,
H: from fresh water) (M: muscularis layer, S: submucosa
layer, Mc: mucosa layer). Scale bar = 100 pum.

glycoconjugate were stained in the esophagus in the
lake environment, they were less visible in the
stream environment. (Fig. 7). The intestinal bulb
was stained in the river environment, with more
intense staining in the anterior and posterior intes-
tines. The number and area of goblet cells contain-
ing O-sulfate ester glycoconjugate in the esoph-
agus were greater in fish in the lake environment
compared to fish in the stream environment (Fig.
8). However, in other parts of the channel, the areas
of these goblet cells were larger in the lake environ-
ment, while the number of cells was higher in the
river environment.
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Fig. 3. Sections of the Van fish stained with PAS
responding to neutral glycoproteins in goblet cells in
the digestive tract (arrow) from the esophagus (A, B),
intestinal bulb (C, D), anterior gut (E, F), and posterior
gut (G, H) (A, C, E, G: lake; B, D, F, H: from fresh

water)

(M: muscularis layer, S: submucosa layer, Mc: mucosa
layer). Scale bar = 100 um
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Fig. 4. Goblet cell area (A) and cell number (B)
containing neutral glycoconjugate in the digestive tract
of the Van fish during reproductive migration
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Fig. 6. Goblet cell area (A) and cell number (B)
containing acid glycoconjugate in the digestive tract of
the Van fish during reproductive migration

Fig. 5. Sections of Van fish stained with Alcian blue pH
2.5 responding to acidic glycoproteins in goblet cells in
the digestive tract (arrow) from the esophagus

(A, B), intestinal bulb (C, D), anterior gut (E, F), and
posterior gut (G, H) (A, C, E, G: lake; B, D, F, H: from
fresh water)

(M: muscularis layer, S: submucosa layer, Mc: mucosa
layer). Scale bar = 100 um
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Fig. 8. Goblet cell area (A) and cell number (B)
containing O-sulfate ester glycoconjugate in the
digestive tract of the Van fish during breeding migration

Fig. 7. Sections of Van fish stained with Alcian blue pH
1.0 responding to O-sulfate ester glycoproteins in goblet
cells in the digestive tract (arrow) from the esophagus
(A, B), intestinal bulb (C, D), anterior gut (E, F), and
posterior gut (G, H) (A, C, E, G: lake; B, D, F, H: from
fresh water)

(M: muscularis layer, S: submucosa layer, Mc: mucosa

layer). Scale bar = 100 pm
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Fig. 9. Sections of Van fish stained with Alcian blue pH
0.5 responding to strong sulfated glycoproteins in goblet
cells in the digestive tract (arrow) from the esophagus
(A, B), intestinal bulb (C, D), anterior gut (E, F), and
posterior gut (G, H) (A, C, E, G: lake; B, D, F, H: from
fresh water)

(M: muscularis layer, S: submucosa layer, Mc: mucosa

layer). Scale bar = 100 um

g

Alcian blue pH 0.5 dye was used to identify
goblet cells containing strong sulfated glycocon-
jugate. There were differences between the two
environments along the channel (Fig. 9). While
there was intense staining in the esophagus in the
lake environment, goblet cells containing strong
sulfate glycoconjugate were not seen in the stream
environment. Goblet cells were denser in the in-
testinal bulb, anterior intestine and posterior intes-
tines of fish sampled from the river environment
(Fig. 10).

358

A 180 -

160 -
140 -

m Lake

= Stream

Cell area (um?)

Posterior
Intestine

Anterior
Intestine

Intestinal Bulb

Esophagus

o
£
£

o
@
2 * *

S—
e
o

a
£
=]
c

]

(6]

120
*
100 -

80 -

60 -

u Lake

40 - u Stream

20 -

Posterior
Intestine

Anterior
Intestine

Fig 10. Goblet cell area (A) and cell number (B)
containing strong sulfate glycoconjugate in the digestive
tract of the Van fish during breeding migration

Esophagus Intestinal Bulb

The number and size of gablet cells containing
strong sulfated glycoconjugate differed between
parts of the digestive tract, and the lake and stream
environments. The area of goblet cells along the
channel was larger in the lake environment. The
number of goblet cells was greater in fish in the
river environment.

Goblet cells containing sulfated acidic glyco-
conjugate were identified with aldehyde fuchsin. In
the esophagus, they were stained intensely in the
lake environment, while rarely seen in the river
environment (Fig. 11). Mucus cells containing sul-
phate acidic glucoconjugate were found densely in
the intestinal bulb, anterior intestine and posterior
intestine of the river samples. (Fig. 12).

The goblet cell area was greater in fish that
were in the lake environment along the digestive
tract, while the number of goblet cells was higher
in the esophagus part in the lake environment, it
was higher in the other parts in the river environ-
ment.

Vet. arhiv 95 (3), 351-363, 2025
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Fig 11. Sections of Van fish stained with Aldehyde
fucsin responding to sulfated acidic ester glycoproteins
in goblet cells in the digestive tract (arrow) from the
esophagus (A, B), intestinal bulb (C, D), anterior gut (E,
F), and posterior gut (G, H) (A, C, E, G: lake; B, D, F,
H: from freshwater)

(M: muscularis layer, S: submucosa layer, Mc: mucosa
layer). Scale bar = 100 um

Discussion

The digestive tract in the Van fish is histologi-
cally composed of serous, muscularis, submucosa,
and tunica mucosa parts. It has been reported that
the thickness and width of these layers vary accord-
ing to the fish species and diet (DOMENEGHINI

et al., 1998; MORRISON and WRIGHT, 1999).
Close to the lumen, the tunica mucosa, consist- ing
of folds, is the layer containing goblet cells
(TAKASHIMA and HIBIYA, 1995; PARK and
KIM, 2001). There are differences in the num-
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Fig. 12. Gaoblet cell area (A) and cell number (B)
containing sulfated acidic ester glycoconjugate in the
digestive tract of the Van fish during reproductive
migration

ber and length of folds of the tunica mucosa that
contain mucous cells along the Van fish digestive
tract (ERGOZ and OGUZ, 2023). Van fish reduce
feeding in the stream environment due to stressful
conditions during breeding migration. At the same
time, the nutritional contents of fish in lakes and
streams also differ. The reason for this is the reali-
zation of different functions, such as digestion and
absorption in the regions of the digestive tract.

In the present study, as a result of morphomet-
ric measurements and histochemical staining, it
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was observed that the goblet cells in the esophagus
region affected by the lake water were greater in
number and area than in the other regions. Along
with the food intake in fish, some water from out-
side enters the food channel. Therefore, the al-
kaline and brackish water of Lake Van may have
increased goblet cell secretion in the lake environ-
ment, where nutrient uptake takes place (KIM et al.,
2008).

It is thought that physicochemical dif-
ferences in water affect fish homeostasis (SA-
DAUSKAS-HENRIQUE et al., 2019; YESILBAS
and OGUZ, 2022). It has been stated that goblet
cells may have a role in ion regulation due to the
glycoconjugate contents secreted from the cells
in different pH ranges (POWELL et al., 1994). Van
fish undergo a number of cytological and molecular
changes to ensure osmoregulation dur- ing
reproductive migration (OGUZ, 2015). These
changes are clearly observed in organs that play
arole in osmoregulation, such as the digestive tract,
gills, kidneys, and skin, which play a role in food
intake. The results of our study indicate that
changes in goblet cell contents, areas, and densi-
ties in the digestive tract of Van fish during repro-
ductive migration may be caused by ionoregula-
tion.

Goblet cell secretions surround the mucous
layer like a barrier and protect it from microbial and
parasitic infection, and physical and chemical
abrasions from ingested nutrients. The number,
density, and localization of goblet cells in fish ex-
posed to different effects have been studied (TIB-
BETTS, 2005; CAO and WANG, 2009). It has been
found that temperature, salinity, and pH affect the
number, density, and localization of goblet cells
(POWELL et al., 2001; ROBERTS and POWELL,
2003). Van fish show different feeding behaviors
while migrating from Lake Van, which has high
alkalinity and pH, to fresh waters to reproduce. The
fish that feed in the lake do not feed in fresh waters,
or feed very little. The larger goblet cell areas in
lake-caught fish than in freshwater-caught fish may
be related to nutrient digestion. High mucus
secretion prevents the destruction of the mucous
layer by digestive enzymes. In particular, neutral
mucins are helpful in providing important
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cofactors for digestion, nutrient absorption, and
breakdown of nutrients (VIDAL et al., 2020). It has
been found that sulfated acid mucins are in- volved
in the transfer of ions, liquids, and proteins
(PETRINEC et al., 2005). For this reason, it is ex-
pected that goblet cell secretion is high in Van fish
from the lake.

It is also known that goblet cells protect against
microbial and parasitic infections. In a study on
mullets it was reported that goblet cell density was
higher in the intestines of fish infected with para-
sites compared to uninfected fish (BOSI and DEZ-
FULI, 2015). Parasitic infections in Van fish are
encountered in fresh waters (OGUZ 2013; OGUZ
and OGUZ, 2020). In addition, due to the high al-
kalinity of Lake Van, the diversity of microbial
organisms and parasites is limited there (OGUZ and
OGUZ, 2020). The number of goblet cells is higher
in the fish of Lake Van in the river envi- ronment
than in the fish in the lake environment. This
suggests that the microbial and parasite den- sity in
the river environment causes an increase in the
smaller volume goblet cells that perform the
protective task. The histochemical results of this
study confirm that each region of the gastrointes-
tinal tract, on the basis of its function, requires a
specific type of secretion. Different goblet cells
may undertake various tasks in Van fish.

Conclusions

In conclusion, in our study, we found that the
goblet cells and glycoconjugate contents in the di-
gestive tract of the anadromous Van fish, which is
endemic to Lake Van and very important for the
local people, changed during reproductive migra-
tion. This study provides for the first time data on
the number of goblet cells and their distribution in
each region of the gastrointestinal tract of Van fish.
These changes may be due to the physicochemical
content of the water, the state of hunger and satiety,
and factors such as parasites and stress. Although
the morphological and histochemical adaptations
observed in the digestive tract are related to the
phylogeny of the fish, the main reason for these
changes observed in the Van fish is thought to be
related to their feeding behavior and habitat.

Vet. arhiv 95 (3), 351-363, 2025
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SAZETAK

Jezero Van medu najveéim je slanim alkalnim jezerima na svijetu. U jezeru obitava i riba Van, endemska vrsta
iz porodice Sarana. Kako bi se razmnoZavale, jedinke ove vrste migriraju u jatima u potoke koji se ulijevaju u jezero
izmedu travnja i srpnja, ovisno o temperaturi vode. Nakon $to poloze svoja jajasca u vodu, vracaju se u jezero Van.
U istrazivanju Su vréaste stanice iz probavnog sustava ribe Van za vrijeme migracije periodi¢no oznaéivane bojilima
Schiff, Alcian Blue (pH 2,5), Alcian Blue (pH 1,0), Alcian Blue (pH 0,5), i bojilom aldehid-fuksin. U razli¢itim
dijelovima probavnog sustava utvrdene su promjene u lokalizaciji i gustoci vrcastih stanica, koje su sadrzavale
neutralni, kiseli, O-sulfatni ester, izrazito sulfatni i kiseli sulfatni glikokonjugat. U jednjaku su vréaste stanice uocene
samo u ribi iz jezera Van. lako su veli¢ina i gustoca vréastih stanica varirale u drugim dijelovima probavnog sustava,
oznaceni su svi glikokonjugati. U probavnom sustavu ribe iz jezera, podruc¢ja vrcastih stanica bila su velika, ali je
njihova gustoca bila mala, dok je situacija s probavnim sustavom ribe iz potoka bila obrnuta. Zakljuceno je da su
glavni razlog promjena kod vréastih stanica u probavnom sustavu ribe Van hranidbene navike i uvjeti stanista.

Kljuéne rijedi: vréaste stanice; probavni sustav; riba VVan; jezero Van
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