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Effect of starvation on the type and distribution of mucus cells in the digestive
tract of the yellow drum Nibea albiflora (Richardson, 1846)
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ABSTRACT

Effects of starvation on the type and distribution of mucus cells in the digestive tract of Nibea albiflora were evaluated by Alcian
Blue/Periodic acid-Schiffs staining (AB-PAS). The experimental fishes were divided into four groups. Control group (S0) was
fed with formulated diets to satiation twice a day during the experiment. The other three groups were deprived of feed for 10
(S10), 20 (S20), and 30 (S30) days. Results showed that the total number of mucus cells in the oropharyngeal cavity decreased
significantly during the experiment, while no significant differences were observed in the hindgut. In S10 fishes, mucus cells in
oesophagus decreased initially and then stabilised, whereas the total number of mucus cells in the foregut decreased significantly
(p<0.05). Type L, 1T and IV mucus cells significantly decreased in all parts of the digestive tract of starved fishes (p<0.05). Type
IV mucus cells were the most severely affected cells which even disappeared in the digestive tract after ten days of starvation.
However, type III mucus cells containing mainly neutral substances increased significantly during starvation stress (p<0.05).
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Mucus in fish has a wide range of functions related
to feeding, excretion, reproduction, respiration, ionic and
osmotic regulation, protection from/resistance to diseases
(Hoste, 2001; Smirnova et al., 2003; Ringo et al., 2007;
Yan et al., 2007; Schroers et al., 2009). Mucus cells
produce glycosylated proteins called mucins and they
would be influenced by endogenous factors including sex
and developmental stage, as well as exogenous factors
such as salinity and low temperature (Franklin, 1990;
Borsa et al., 2003; Elliott and Elliott, 2010). Moreover,
variations in the number of mucus cells and dimension
in digestive tract could be an indicator of pathological
or inflammatory processes under adverse environmental
conditions (Ortiz et al., 1999; Hideya and Tatsuya, 2013).

Food availability tends to widely fluctuate in many
aquatic environments. As a consequence, many aquatic
animals, including fish, generally experience long
periods of starvation. It is well known that the intestinal
mucosa appears to be dynamic and highly responsive
to food availability. Previous reports suggested that
cell degeneration in digestive organs could be the best
indicator for identifying starvation. The digestive tract
atrophy may result from food deprivation or flourish from
food abundance (Mcleese and Moon, 1989; Wang ef al.,
2000).

Previous studies mainly focused on the function of
mucus cells and there are only few studies that reveal the
variations in type and distribution of mucus cells during
starvation. In this study, the type of mucus cells and their
distribution in the alimentary canal of adult Nibea albiflora
under starvation were analysed. The study was thus aimed
to evaluate the response capacity of this fish species, as
well as the degree of alterations due to starvation.

The experiment was carried out during 2 September
to 3 October 2011 in the Xishan testing ground of the
Marine Fisheries Research Institute of Zhejiang Province.
One year old fishes of N. albiflora were obtained from the
same batch of fertilized eggs.

A total of 225 fishes (average weight 120+8.0 kg)
were transferred to 15 circular fiberglass tanks (water
volume 250 1), with 15 fishes per tank. These fishes
were acclimated to the laboratory conditions for two
weeks. During this period, they were fed twice daily with
commercial formulated diet (Tech-Bank). The experiment
was conducted for one month and comprised of four
treatments and a control, with three replicates for each of
the treatments as well as for the control. The experimental
treatments were based on the period of starvation
viz., starvation period of 0d (S0), 10d (S10), 20d (S20)
and 30d (S30). The fish in control group was fed twice a
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day throughout the experiment, with no starvation stress.
About 80% of the water in each tank was replaced daily
to avoid the accumulation of waste products. During the
experiment, water quality parameters were maintained at
optimum levels i.e., water temperature at 22 + 2°C, pH at
7.5, dissolved oxygen level >5 mg I'!, ammonia-nitrogen
<0.02 mg I'! and the nitrite level <0.01 mg I'\. The fishes
were held under natural photoperiod condition throughout
the feeding trial.

For each sampling, ten fish from each tank were
randomly chosen. The entire digestive tract was removed
and carefully cleaned. The digestive tract was divided
into oropharyngeal cavity, oesophagus, stomach, foregut,
midgut and hindgut. Pieces of each part of the digestive
tract were excised and fixed in Bouin’s aqueous solution
for 24 h for histological studies. The samples were then
processed, embedded in paraffin wax following standard
procedures. Sections of 6 pum were cut from each block
and then stained with Alcian Blue/Periodic Acid-Schiff
(AB-PAS, pH 2.6) (Jones and Reid, 1973). Representative
tissue sections from fish of different treatment groups
(S0, S10, S20 and S30) were observed under microscope
at 200x magnification. For each section, the type and
distribution of mucus cells in an area of 0.01 mm? were
analysed with NIKON Eclipse 50i software. The data
were shown as mean+SD. One-way ANOVA followed by
Duncan’s multiple range test was performed to determine
differences among SO, S10, S20 and S30, using SPSS
16.0 for Windows.

The type and distribution of mucus cells in the
digestive tract were analysed by examining the AB-PAS
stained sections under microscope. Based on the data,
mucus cells of tissues could be divided into four types.
PAS positive and AB negative cells which stained red
were classified as Type I cells and contained neutral
mucopolysaccharides. PAS negative and AB positive
Type II cells which stained blue contained acidic
substances. Type III cells which stained purple red had
more proportion of PAS positive than AB. Type III cells
secreted mixed mucopolysaccharides with more neutral
than acidic components. Type IV cells stained in blue

Table 1. Effect of starvation on total number of mucus cells
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purple had more proportion of positive AB than PAS and
produced more acidic mucopolysaccharides.

There was a significant reduction in total number of
mucus cells in the oropharyngeal cavity after starvation
(p<0.05) (Table 1). A significant increase was found in the
amount of type I cells in S10 fish compared with that of
SO fish. The quantity of type I cells was stable in S20
fish, but was found to be at the lowest level in S30.
Nevertheless, a steep decrease of type II cells was
observed after starvation and has even disappeared in
oropharyngeal cavity of S20 fish (p<0.05). In addition,
the number of type III cells decreased notably to the
lowest level in S20 fish and elevated significantly in S30
fish (p<0.05). Furthermore, the amount of type IV cells
showed a descending trend after starvation and its lowest
level was found in S30 fish (p<0.05) (Fig. 1).

A significant decrease of total number of mucus
cells in stomach was observed and it ranged from
596.48+121.13 (SO) to 371.93+64.25 (S20) (Table 1).
The mucus cells of type I and type II in stomach exhibited
a similar trend wherein the cells decreased significantly in
S10 and disappeared from S10 to S30. In addition, type
IIT cells of stomach in S10 fish increased enormously, but
declined gradually in S20 (p>0.05). It would be stabilised
at a higher level than that of the initial values in S30 fish.
The number of type IV cells decreased notably to the
lowest level in S30 fish (Fig. 1).

In the foregut of S10 fish, there was a reduction of
mucus cells and the reduction was significantly lower than
other groups (231.57+45.39) (Table 1). Type I cells in the
foregut decreased significantly and even disappeared in
S30 fish (p<0.05). The starvation would affect type II as
well as type IV mucus cells in foregut and it was found
that the quantity of these cells decreased significantly and
disappeared in the foregut of S10 fish. Furthermore, the
amount of type III cells in the foregut kept rising during
the experiment (Fig. 1).

No significant difference was observed for total
amount of mucus cells in the midgut in SO and S10
fish (p>0.05). However, mucus cells in SO decreased
significantly from S20 and S30 (Table 1). The number of
type I cells decreased steeply after starvation and it even

20d

30d

Distribution Total number of mucus cells (Mean+SD)
0d 10d

Oropharyngeal cavity 1070.24+328.95* 728.28£112.47°
Oesophagus 421.05+95.78 329.82+69.01°

Stomach 596.48+121.13¢ 456.14+90.20°

Foregut 489.47+89.53¢ 231.57445.39°

Midgut 545.61+£127.41° 508.78+75.47¢

Hindgut 519.34+108.48¢ 600.02+76.82¢

561.4+86.21¢

284.21+£53.24°
371.93+£64.25¢
428.06+60.14°
438.63+68.02°
566.37+66.10°

429.81+82.47¢
301.65+51.96°
358.74+55.20°
461.87+63.27
419.77+71.28°
543.85+£86.37*

Means in a column with the same superscript letters are not significantly different (p>0.05)
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Fig. 1. Effect of starvation on diffrent types of mucus cells in the digestive tract of N. albiflora. (a) Oropharyngeal cavity,
(b) Oesophagus, (c)Stomach, (d) Foregut, (e) Midgut, (f) Hindgut.

disappeared in midgut of S30 fish. Type II as well as type
IV cells decreased significantly and finally disappeared
in S10 fish. The number of type III cells elevated by
4.1 times (p<0.05) compared to that of SO fish and
decreased slightly in midgut of S20 and S30 fish (p>0.05)

(Fig. 1).

No significant differences were observed in total
amount of mucus cells in the hindgut. Type I cells
decreased significantly after starvation (p<0.05) and it
even disappeared in S20 group. Type II cells also showed
a descending trend after starvation. Type III cells in S10
fish increased significantly compared to that of SO fish and
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showed a slight decrease in S20 and S30 (p<0.05). Finally,
it rebounded and kept increasing in S20 and S30 fish
(Fig. 2).

Alcian Blue/Periodic Acid-Schiff (AB-PAS) staining
is used as a specific staining for mucus cells and it is
possible to identify the concentrations of acidic and
neutral mucus glycoproteins by the intensity of staining.
The different types of mucus cells are classified as acidic
and neutral mucus glycoproteins based on AB-PAS
staining (Wang et al, 2003; Cinar et al., 2008; Kumari
et al., 2009). Therefore, mucus cells in the digestive tract
of N. albiflora were separated and analysed with AB-PAS
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cells was observed in all parts of the digestive tract except
for oesophagus. The transformation of mucus cell types
after starvation may be closely related to their functions.
The type II and IV cells mainly take part in metabolising
acidic substances. The quantitative decrease of type Il and
IV cells reflected a reduction in defense capacity against
bacterial invasion by mucus (Zimmer et al., 1992).

Furthermore, it has been reported that neutral
glycol-conjugates secreted by mucus cells would be
involved in enzymatic digestion of food and absorptive
functions in other regions of alimentary canal (Grau et al.,
1992; Murray et al., 1996). The secretion of neutral
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Fig. 2. Effect of starvation on mucus cells in the hindgut of Nibea albiflora (AB-PAS; x200). (a) S0, (b) SI0, (c) S20, (d) S30
1: Type I cells, I1 : Type II cells, III : Type III cells, IV : Type IV cells

staining in this study. It has been reported that the quantity
and morphology of mucus cells, as well as other cells
localised in the epithelium of digestive tract, would be
affected by various factors (Franklin, 1990; Borsa ef al.,
2003; Elliott and Elliott, 2010). The quality and quantity in
variation of mucus cells has been reported as a defensive
signal against invading organisms. In this study, our
results showed that the amount of type I, II and IV cells
significantly decreased in the digestive tract of N. albiflora
under starvation, whereas a notable increase in type III

glycol-conjugates containing sugar residues by mucus cells
has been validated in gastric glands of various fish species
(Gisbert et al., 1999; Sarasquete ef al., 2001; Diaz et al.,
2008). Neutral glyco-conjugates could play a critical
role in protecting the epithelium of stomach from
auto-digestion processes. The auto-digestion may result
from high concentration of HCl and enzymes produced
in gastric glands (Ferraris et al., 1987). Therefore, it was
concluded that the increase in quantity of type III cells
could be an active response to starvation in N. albiflora.
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Mucus cells and the mucin produced, are indicators
of immune status of fish, and play an important role in
non-specific immune response. Previous reports
demonstrated that immunoglobulin of mucus were similar
to that of plasma, based on immuno-electrophoretic
analysis (Yang et al., 1998). Another study suggested
an assessment system for immunogenic substances by
checking the density variation of mucus cells in gills
of carp (Zhu, 2000). In the present study, the effects
of starvation on type I cells were found to be notably
different in digestive tract and it could not be observed in
stomach (S10), midgut (S20) and the hindgut (S30 fish).
As a result, the distribution of type I mucus cells could be
considered as an indicator for estimating starvation stress.

The total amount of mucus cells varied under
different starvation conditions in each part of the digestive
tract (Table 1). This result was in accordance with that
of previous reports, which demonstrated that different
mucus substances would be secreted by mucus cells from
different regions in the digestive tract. It would also vary
with species (Reid et al., 1990; Cinar and Senol, 2006).

During the present study, the total amount of
mucus cells reached 1070.24+195.87 (per mm?) in the
oropharyngeal cavity of control group. The amount
was significantly larger than other parts of the digestive
tract. The effects of starvation on mucus cells in the
oropharyngeal cavity was also greater than in other parts.
The total number of mucus cells in hindgut slightly varied
during the experiment (Fig. 2). In Cyprinus carpio, the
oropharyngeal cavity was found to play a major role
in protection from bacterial infection and mechanical
damage, in addition to serving as a buffer resisting
the high acidity of the stomach (Sibbing and Uribe,
1985). Maximum number of mucus cells were found in
oropharyngeal cavity which indicated the importance of
this part of digestive tract. The decrease of mucus cells
in oropharyngeal cavity suggested that the functions of
bacterial inhibition and digestion were gradually forfeited
by starvation.

In the present study, although the effects of starvation
on mucus cells have been observed, the underlying
functional mechanism is not clearly discernible. Future
studies should attempt in this line and also need to attempt
to investigate if the mucus cells could be renewed by
refeeding after starvation.
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