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SUMMARY
The present study aimed to evaluate immunohistochemical changes of mucinand serotonin-releasing cells in the small intestine induced by various dietary
supplementations in quails. A total of 300 one day old quails were randomly
divided into 5 equal groups according to the 5 weeks long supplementation:
whereas birds of the group 1 were fed with basal diet, the others were supplemented with prebiotics/probiotics (1 g/kg food, group 2), with organic
acids (4 g/kg food, group 3), with both prebiotics/probiotics and organic acids
(same dosages, group 4) or with antibiotic (active form of avilamycin, 10
mg/kg food, group 5). Weight growth and food intake were not modified
among groups. Density of goblet cells were markedly increased mainly in
ileum in all supplemented groups except for the group 5 and in birds co-treated
with prebiotics/probiotics and organic acids, the effect was maximal and extended to duodenum and jejunum whereas in antibiotic treated quails the goblet
cells were dramatically depleted. In parallel, the number of intestinal serotonin
positive (closed and opened types) cells has significantly declined in all supplemented birds: cell depletion was highest in antibiotic supplemented birds
and lowest in those supplemented with only organic acids. Additionally, the
villus height / crypt depth ratio was also diminished in ileum from birds receiving antibiotic, prebiotics/probiotics alone or combined to organic acids.
These results show that antibiotic and other dietary additives alter differently
intestinal morphology and especially density of mucin- and serotonin-releasing
cells.

Keywords: Quail, dietary supplementation, prebiotic, probiotic, organic acid, antibiotic, small intestine, goblet cell,
serotonin cell.

RÉSUMÉ
Effets de différentes supplémentations alimentaires sur le nombre de
cellules produisant des mucines ou de la sérotonine dans l’intestin grêle
des cailles
Cette étude a eu pour objectif d’évaluer les modifications histologiques de
l’intestin grêle et notamment les variations des populations de cellules produisant des mucines ou de la sérotonine chez des cailles soumises à différents
types de supplémentation alimentaire. Au total, 300 cailles âgées de 1 jour
ont été aléatoirement réparties en 5 groupes égaux en fonction de la supplémentation réalisée pendant 5 semaines: alors que les oiseaux du groupe 1 ont
reçu l’aliment de base, les autres ont été supplémentés avec un mélange de
probiotiques/probiotiques (1g/kg d’aliment, groupe 2), un mélange d’acides
organiques (4 g/kg d’aliment, groupe 3) ou par les 2 à la fois (mêmes dosages,
groupe 4) ou encore par un antibiotique (forme active de l’avilamycin, 10
mg/kg d’aliment, groupe 5). La croissance pondérale et l’ingéré alimentaire
n’ont pas varié en fonction des groupes. La densité des cellules caliciformes
a été fortement augmentée principalement dans l’iléum pour tous les groupes
supplémentés à l’exception du groupe 5 et chez les oiseaux cotraités par les
probiotiques, probiotiques et acides organiques, cet effet a été maximal et
étendu au duodénum et au jéjunum alors que les cellules caliciformes ont
considérablement disparu chez les cailles supplémentées par l’antibiotique.
En parallèle, le nombre de cellules à sérotonine (de types ouvert et fermé) a
significativement diminué chez tous les oiseaux supplémentés : ces pertes
cellulaires ont été les plus élevées chez les oiseaux supplémentés par l’antibiotique et au contraire les plus faibles chez ceux supplémentés seulement
par les acides organiques. De plus, le rapport hauteur des villosités / profondeur
des cryptes a aussi été diminué dans l’iléum des cailles recevant l’antibiotique
ou le mélange prébiotiques/probiotiques seul ou associé aux acides organiques.
Ces résultats montrent que l’antibiotique et les autres additifs alimentaires
agissent de façon différente sur la morphologie intestinale et notamment sur
les densités des cellules caliciformes et des cellules produisant la sérotonine.

Mots clés : Caille, supplémentation alimentaire, prébiotique,
probiotique, acide organique, antibiotique, intestin grêle,
cellules caliciformes, cellules à sérotonine.

Introduction
Antibiotics as grow healthy have mostly been used for decades in poultry and mammalian animal production to develop
farm performance and in the control of small and large intestinal pathogen microorganisms [3]. However, there is increasing
concern about the risk of developing antibiotic resistance in
livestock animals. The uses of antibiotics in animal feed have
been prohibited in the European Union since 2006 [32]. Recently,
the use of natural alternatives including probiotics, prebiotics

and organic acidifier compounds instead of antibiotics has
been increasing in order to improve the beneficial microbial
population of the intestinal and digestive functions in poultry
[3, 11, 21, 22, 32].
Probiotics are natural antibiotics that produce organic acids
such as lactic acid, acetic acid and hydrogen peroxidase.
These biotechnological products are useful for arrangement
of intestinal flora such as Lactobacillus spp., Streptococcus
spp. Bacillus spp., and some fungus and yeast species [26,
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35]. Moreover, those are inhibiting reproduction of harmful
bacteria by increasing mucin releases and acidity of the intestine
[36]. Beneficial microorganisms are used by farmer for enhancing nutrient utilisation, promotion of enzyme reaction,
reduction of ammonia, increase of resistance to colonisation
[14, 25], fermentation of non-degradable dietary fibres and
intraluminal mucoproteins [24], expression of mucin, and modulation of intestinal morphology [22]. The activities of probiotics are enhanced by the addition of prebiotics. Prebiotics
are non-digestible oligo and polysaccharides such as gluco-,
galacto-, fructo-, xylo-, and soybean-oligosaccharides, and
lactulose, oligofructose and polydectrol [22, 34]. The prebiotics exhibited beneficial effects of growth activity or limited
number of microorganisms in gut [22]. Some researches reported that the use of prebiotics might act as substrates for beneficial bacteria such as Lactobacillus bifidus in the intestinal
microbial system, subsequently reducing pathogen invasion
such with Salmonella enteritidis and E. coli [3, 27, 34, 45].
Furthermore, the prebiotics have been used for preventing
colon cancer, reducing cholesterol, increasing enzyme activity
and promoting the active Fe, Zn, Mg and Ca absorption by
the intestinal mucosa [13].
Goblet cells secreting mucin are glandular simple columnar
epithelial cells that are present throughout the small and large
intestinal mucosa. The mucins are rich in polysaccharides and are
destructed by highly specialised members of the gut microflora
[19]. The continuous production of mucus and its oligosacchariderich structure constitute a favourable area for the development
of bacteria [34]. More importantly, mucin layer is the first line
of defence of the intestinal mucosa against invading pathogens
or their associated toxins [19]. Additionally, mucins competitively bind to lectin receptors of pathogen microorganisms and
play important role in transport of nutrients and lubrication of
the intestinal tract [16]. Some probiotics such as bifido and
lactobacilli species may reduce the secretion of mucus and the
risk of diarrhoea in the gut [12]. On the other hand, constipation
and diarrhoea have been found associated with deregulation
of secretion of several intestinal peptides. Serotonin is one of
these peptides, which approximately 95% are produced by enterochromaffin cells (EC) in the intestinal mucosa [15, 41],
serotonergic neurons in the myenteric plexus and mast cells
in connective tissue. The EC located primarily at base of
Ingredients
Corn
Soybean meal
Full-fat soybean
CaCO3
Dicalcium phosphate
Salt
Methionine
Vitamin premix1
Mineral premix2

%
53.08
39.13
5.00
1.07
0.93
0.30
0.14
0.25
0.10
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crypts in gastrointestinal tract are involved in serotonin (5HT)
synthesis, storage and release in the body [15, 20]. It is generally admitted that serotonin functions are to control crypt epithelial secretion and cell proliferation in gut [20], to regulate
appetite, to stimulate gut muscle contractions, sleep and memory [39].
The objective of this study was to evaluate the relationship
between mucin-, serotonin-releasing cells and dietary probiotic,
prebiotic, formic acid, propionic acid and antibiotic supplementation.

Material and Methods
ANIMALS AND EXPERIMENTAL DESIGN
A total of 300 one day old Japanese quail chicks were obtained from a commercial hatchery and randomly allotted into
5 experimental groups with 4 replicates of 15 birds per replicate following weighing. Birds in each replicate were placed
into cage having 40 x 35 cm2 floor area and 25 cm in height
for a 5 weeks long experimental period. Each pen used litter
and was equipped with a nipple drinker line (3 nipples per
pen) and a feeder (1.5 kg capacity). Nutrient compositions of
the diets for quails were based on the National Research
Council recommendations [31] (Table I). Food and water were
given ad libitum to quail chicks. Temperature was maintained
at 32ºC for the first 5 days and then gradually reduced according
to normal management practices until a temperature of 22ºC
was achieved, and during the entire 5-week study period
continuous lighting was applied to quails.
The experimental design consisted of 5 dietary treatments:
birds from the group 1 received a control diet without supplementation whereas in the other groups, chicks received dietary
supplementation for 5 weeks with probiotic-prebiotic combination (a combination of Enterococcus faecium as probiotic
strain, oligosaccharides as prebiotic, phytogenic substances
and cell wall fragments: Biomin®IMBO) at 1 g/kg of food
(group 2) or organic acid combination (a combination of formic acid and propionic acid based on an inorganic phyllo-silicate carrier: Biotronic) at 4 g/kg of food (group 3), or both
probiotic-prebiotic and organic acid combinations at the same
Calculated analysis3
Metabolisable energy (kcal/kg)
Dry matter (%)
Crude protein (%)
Crude fibre (%)
Ether extract (%)
Crude ash (%)

2929
92.00
24.01
3.01
3.67
6.20

Vitamin premix contained per kg: 15 000 000 IU Retinol, 2 500 000 IU Cholecalciferol, 80 000 mg Tocopherol, 5000 mg Menadion, 300 mg Thiamine,
600 mg Riboflavin, 5000 mg Pyridoxine, 30 mg Cobalamin, 50 000 mg Ascorbic acid, 50 000 mg Nicotinamide, 12 000 mg Panthotenic acid, 1500 mg
Folic acid, 100 mg D-biotin; 2Mineral premix contained per kg: 160 000 mg Mn, 120 000 mg Fe, 120 000 mg Zn, 10 000 mg Cu, 400 mg Co, 2000 mg
I, 300 mg Se; 3ÇAKIR et al., 2008 [11].
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TABLE I: Chemical composition of experimental diets given to quails for 5 weeks.
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levels given above (Biomin®IMBO+ Biotronic) (group 4) or
with an antibiotic (active form of avilamycin) at 10 mg/kg
food (group 5).
Slaughter processes were informed in our previous study
[11]. For this purpose, feed was removed from each pen 12
hours prior to processing. Then, 10 quails for each group were
randomly selected and weighed individually before slaughter
for histochemical and immunohistochemical analysis of small
intestine.

HISTOCHEMICAL AND IMMUNOHISTOCHEMICAL
EXAMINATIONS
Small intestine tissues were collected after randomly
slaughtering quails and, then a 1-cm segment of the midpoint
of the duodenum, jejunum and ileum were removed and fixed
in 10% buffered formalin for 72 hours. Each segment was
then embedded in paraffin, and transversal two serial sections
(5 μm) were cut at 50 μm intervals from the tissues. The sections were stained with the Alcian blue (AB), periodic
acid/Schiff’s (PAS) or combined AB plus periodic acid /
Schiff’s (AB + PAS) for histochemical demonstration of goblet cells in the villi and crypts.
For immunohistochemical evaluation of serotonin-releasing
cells, 5 µm thick two serial sections prepared from the blocks
were stained by streptavidin-biotin-peroxidase staining method.
In this study, primary antibody polyclonal 5HT anti human
serotonin (dilution: 1/150, M0758: Dako), biotinylated secondary antibody (Universal LSAB Kit-K0690, Dako) were used
and binding sites of antibody were visualized using 3,3'-Diamino Benzidine (DAB, Sigma) as enzyme substrate. The binding of antibodies were evaluated by high-power microscopic
examination. From the two serial sections per small intestine
portion, the numbers of goblet and serotonin cells were determined by counts in the 1000 μm portion of the villi and/or
crypts by means of an image analysis program (Kameram
SLR, 1.6.1.0, Mikro Sistem Ltd. Sti.).

STATISTICAL ANALYSIS
All values were expressed as mean ± standard deviation.
The numbers of goblet and serotonin cells were analysed
using a one-way analysis of variance (ANOVA). Significant
differences among treatment means were determined using
Duncan’s. Differences with a P < 0.05 were considered significant.

Results
In this study, changes in food consumption and body weight
were recorded once a week. These results showed that dietary
treatments with probiotic-prebiotic combination, organic acid
combination, both probiotic-prebiotic and organic acid combinations and antibiotic did not cause any statistically significant effect on body weight gain and food intake.
On the other hand, as reported in Table II, some significant
differences in histological characteristics of small intestines
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(goblet and serotonin cell counts and villi/crypts ratio) were
recorded according to the various dietary treatments.
In controls, the goblet cells were predominantly located in
the ileum segment. Dietary supplementations with probioticprebiotic combination (group 2) or combination of organic
acids (group 3) or with both probiotics-prebiotics and organic
acids (group 4) have not only preserved the preferential ileum
localisation of goblet cells but also have markedly increased
their numbers compared to controls (P < 0.05). Furthermore,
this positive effect on the goblet cell numeration was maximal
in the group 4 compared to the other groups (P < 0.05) and
extended to the 3 parts of small intestine (duodenum, jejunum
and ileum). A significant increase in the goblet cell count located in jejunum compared to the control group (P < 0.05)
was also recorded for the group 3. By contrast when birds received a dietary antibiotic supplementation (group 5), the
number of goblet cells in duodenum and ileum were significantly lowered compared to the controls (P < 0.05). The goblet
cells located on the villi and crypts generally presented a purple
colour with PAS + AB stain, indicating the presence of both
acidic and neutral mucins (mixed mucin) while a magenta colour
alone showed neutral mucins (PAS positive mucins). Only
PAS + AB positive goblet cells were observed in crypt epithelium (figure 1A) whereas few PAS positive goblet cells
scattered among PAS + AB positive goblet cells were also
seen in villi (figures 1A and 1B). However, no differences in
the goblet cells numbers in crypt were observed between the
experimental groups and the control group.
By immunohistochemistry, it was observed uniform distribution of serotonin positive (brown colour) cells in the epithelia of villi and crypts throughout duodenum, jejunum and
ileum in all experimental and control groups. Two predominant
serotonin-positive cell populations were determined and
consisted in closed- (figure 2) and opened-type cells (figure 3).
The closed-type cells were small, triangular or round shaped
and serotonin positive cytoplasmic granules were localised in
the basal region in contact with vessels. These epithelial cells
were more commonly found in crypts, particularly in the basal
region of Lieberkuhn glands, than in villi. The opened-type
cells exhibited a columnar or elongated shape and the apical
cytoplasmic processes were in contact with lumen. The superficial villus epithelium considerably contained more openedtype cells than closed-type cells. Compared to the control
group, the numbers of closed- and opened-types serotonin
cells were significantly depressed in all segments of the small
intestine in all experimental groups (P < 0.05). The highest
decreases in serotonin positive cells were recorded in the
group 5 (supplemented with antibiotic) compared to the other
groups (P < 0.05) while in groups 4 (supplemented with both
probiotic-prebiotic and organic acid combinations) and 2 (supplemented only with probiotic-prebiotic combination) this effect
was less marked, specifically in jejunum and for the openedtype cell in ileum in the group 2. The decrease in serotonin
positive cell counts was globally reduced in the group 3 (supplemented only with organic acid combination) (Table II).
Whereas the epithelial height was not significantly affected
by any dietary supplementation, the villus/crypt ratio was
markedly decreased in the jejunum and ileum from antibiotic
treated quails and also in ileum from quails supplemented
Revue Méd. Vét., 2012, 163, 7, 328-334
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Histological parameters
Group 1
Group 2
Goblet cell counts (number /1000μm)
Duodenum
38.0 ± 3.2b
41.2 ± 5.0b
a
Jejunum
46.1 ± 1.2
44.7 ± 2.8a
Ileum
73.7 ± 4.6b
90.5 ± 3.7c
Closed-type serotonin cell counts (number /1000μm)
Duodenum
90.0 ± 2.7a
16.0 ± 2.5c
a
Jejunum
80.7 ± 4.7
54.0 ± 4.5b
a
Ileum
103.3 ± 3.5
17.0 ± 2.3c
Opened-type serotonin cell counts (number /1000μm)
Duodenum
34.8 ± 0.7a
10.0 ± 3.9c
Jejunum
40.0 ± 2.3a
21.0 ± 1.6b
a
Ileum
48.5 ± 2.0
24.0 ± 3.1b
Villus height / Crypt depth (μm/μm)
Duodenum
10.0 ± 1.0
9.2 ± 2.4
Jejunum
9.7 ± 1.4a
10.3 ± 1.6a
Ileum
12.3 ± 0.7a
7.9 ± 1.3b
Epithelial crypt height (μm)
Duodenum
26.0 ± 3.9
33.0 ± 3.2
Jejunum
28.0 ± 2.7
33.0 ± 3.4
Ileum
29.0 ± 1.0
30.0 ± 1.5
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Group 3

Group 4

Group 5

40.9± 4.7b
52.1 ± 3.5b
86.2 ± 4.3c

60.3 ± 4.8c
74.1 ± 5.7c
104.0 ± 8.5d

28.5 ± 2.5a
45.6 ± 2.3a
46.9 ± 5.4a

27.0 ± 3.0b
45.3 ± 5.4b
30.6 ± 3.7b

15.1 ± 1.9c
21.0 ± 2.0c
16.0 ± 2.2c

5.1 ± 0.3d
12.0 ± 2.7d
15.0 ± 1.9c

24.0 ± 1.4b
20.0 ± 3.1b
20.4 ± 2.0b

12.1 ± 2.3c
18.0 ± 2.8b
5.0 ± 1.3c

15.2 ± 2.6c
9.0 ± 2.6c
8.5 ± 2.4c

10.8 ± 1.7
9.0 ± 2.4a
9.5 ± 1.0a

9.1 ± 1.1
9.7 ± 1.3a
6.6 ± 1.2b

8.1 ± 2.3
6.4 ± 0.5b
6.4 ± 0.8a

35.0 ± 2.5
29.0 ± 2.5
27.0 ± 1.8

28.0 ± 3.0
31.0 ± 2.3
28.0 ± 1.4

28.0 ± 1.9
28.0 ± 1.4
27.0 ± 2.1

Group 1 control feeding with basal diet, group 2 supplemented with probiotic-prebiotic combination (a combination of Enterococcus faecium as probiotic strain,
oligosaccharides as prebiotic, phytogenic substances and cell wall fragments: Biomin®IMBO) at 1 g/kg of food, group 3 supplemented with organic acid
combination (a combination of formic and propionic acid based on an inorganic phyllo-silicate carrier: Biotronic) at 4 g/kg of food, group 4 supplemented
with both probiotic-prebiotic and organic acid combinations at the same levels given above (Biomin®IMBO+ Biotronic) and group 5 supplemented
with an antibiotic, active form of avilamycin, at 10 mg/kg food. Data are means in the 1000 μm portion of the villi and/or crypts of ten birds of each group.
Different superscripts a,b,c,d in the same row indicate significant differences (P < 0.05 or more) according to the dietary treatment groups.
TABLE II: Small intestine characteristics (Goblet and serotonin cell counts, villus height/crypt depth ratio and epithelial crypt height)
according to the dietary treatment groups Results are expressed as mean ± standard deviation.

with probiotic-prebiotic combination alone (group 2) or in association with organic acids (group 4) compared to controls
(P < 0.05) (Table II).

Discussion
The intestinal tract is a crossroad between invading pathogens or their associated toxins and nutrient absorption in host.
As the defence and absorption activities vary according to the
mucosa integrity and to the nature of the microbial flora, the
use of natural alternatives including probiotics, prebiotics and
organic acidifier compounds instead of antibiotics [3, 11, 22,
32] is actually privileged. However, no data about the effects
of probiotics, prebiotics, organic acids and antibiotics on both
mucin- and serotonin-releasing cells was available in literature.
Delay or regression in production of enterocytes in crypts
can cause growth retardation but decrease in the epithelium

FIGURE 1: Histochemical staining of mucin- releasing goblet cells located
in the villi and crypt epithelium. PAS + AB positive (purple colour)
cells containing both acidic and neutral mucins (arrows); and PAS
positive (magenta colour) cells containing neutral mucins (arrowheads). Double staining with Periodic acid Schiff (PAS)-Alcian Blue
pH 2.5 (AB). A. bar: 30 μm; B. bar: 10 μm.
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FIGURE 2: Closed-type serotonin positive cells (arrows) in crypt epithelium. Streptavidin-biotin-peroxidase staining method. A. bar: 15 μm;
B. bar: 7 μm.

FIGURE 3: Opened-type serotonin positive cells (arrows) in villus epithelium. Streptavidin-biotin-peroxidase staining method. A. bar: 20 μm;
B. bar: 7 μm.

thickness in crypts and villi can increase nutrient absorption,
and facilitate absorption process in the intestinal tract [33, 44].
The digestive capacity of the small intestine can be determined
according to calculated villus height/crypt depth ratio (V/C).
Increments in this ratio are directly correlated with enhancement
of absorption and digestion [30]. Reported values of the V/C
ratio are found to be 13.48, 8.44 and 5.87 in duodenum, jejunum
and ileum, respectively, in turkey hens [36] and 6.5 in the
ileum of the chicken fed with maize [28]. In the present study,
the reported V/C ratios are compatible with literature. According
to GUNAL et al. [21], V/C ratios in jejunum and ileum were
significantly greater in probiotic-supplemented broilers than
in controls. However, it was noted here a significant decrease in
the V/C ratio in ileum from quails supplemented with probioticprebiotic combination alone or in association with organic
acids. In addition, V/C ratio was remarkably decreased in the
jejunum and ileum from antibiotic treated quails, leading to a
potential reduction in mucosal absorption and digestion as
suggested by MONTAGNE et al. [30], NOY and PINCHASOV
[33] and YASON et al. [44].

days old chickens [7]. Findings obtained in the current study
are in accordance with values reported by SANDIKCI et al. [38].

The goblet cells are specialised cells residing in the villus
and crypt epithelium and are responsible for synthesis and secretion of mucin. The mucin production is required for the
formation of mucus layers covering epithelium that plays important roles in transport of nutrients and bowel lubrication
[16]. Mucins also constitute the first host defence against invading pathogens or their associated toxins [16], and they represent a source of nutrition for anaerobic beneficial bacteria
[29]. The number of goblet cells shows significant variations
along the intestinal tract segments: they were preferentially
located in ileum and the mucus layer thickness and efficiency
are dependent from the mucosa integrity and the activity of
the microbial flora [34]. SANDIKCI et al. [38] have already
reported the goblet cell counts in quails feeding with basal
diet according to intestinal localisation (3.64, 5.73 and 7.31
per 100 µm of duodenum, jejunum and ileum, respectively).
The goblet cell counts were 11.4 in jejunum and 21.2 in ileum
per 100 µm in 18 days old chickens [40], and 11.9, 15.34 and
19.96 in duodenum, jejunum and ileum respectively in 56

Probiotics can be administered as pharmaceutical forms assimilated to medicines and functional foods that have various
actions such as promoting the gut barrier function, reducing
permeability and fermentation of non-degradable dietary fibres
and intraluminal mucoproteins, reducing colonic mucorrhoea
and hydrorrhoea, regulating the action of mastocytes and inhibiting pathogen binding [24]. The probiotics increase proliferation of epithelial cells in the intestinal mucosa by increasing
the amounts of short chain fatty acids [23]. According to some
investigations, the density of goblet cell decreased in ileum of
Saccharomyces cerevisiae-fed [5] and throughout the small
intestine of Fermacto-fed chickens [32]. It was demonstrated
in several studies that the goblet cell number and a greater
amount of mucus covering the intestines were increased in
probiotic-fed broilers compared to control birds [10, 17, 21,
36]. On the contrary, some researchers reported no difference
in goblet cell number in animals fed with Bacillus cereus, Saccharomyces boulardii [5, 9] and Saccharomyces cerevisiae
[38]. Moreover, increased goblet cell count is related to the
prebiotic effect of oligosaccharides and mannanoligosaccharides
in broilers, turkeys [2, 42], barley-fed birds [43] and pigs [6],
but show a decrease in antibiotic treated broilers [3]. One
study reported that the goblet cell counts increased in the duodenum and jejunum segments of treated birds with bacitracin
zinc and in the jejunum and ileum of treated birds with Saccharomyces cerevisiae + bacitracin zinc [38]. According to
our findings, the prebiotics, probiotics and organic acids significantly increased goblet cell counts into the villus epithelium,
and these results are in agreement with previous reports in
broilers and turkeys [2, 42]. Especially, the goblet cell numbers
in group 4 (treated both with prebiotics, probiotics and organic
acids) were significantly increased in all intestinal segments
compared to the other groups. In this study, organic acid combination may probably promote the effects of probiotic-prebiotic
combination. However, some discrepancies with previous
works may be related to the bacteria type in diet and dosages
of probiotic.
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The serotonin (5-HT) releasing cells as a significant member
of the entero-endocrine system are scattered in the epithelia
of villi and crypts of the gastrointestinal tract. It has been recognized that intestinal endocrine cells consist of closed- and
opened-type cells: the opened-type endocrine cells that are in
contact with the villus and glandular lumen, and the closed-type
endocrine cells, which are in contact with vessels in lamina
propria [15]. The closed-type cells are functionally modulated
by neuronal stimulation or hormones, whereas opened-type
cells are well-known to be functionally coordinated by luminal
pH and nutrients [41]. The present study demonstrates that serotonin releasing cells exist as both closed-type and opened-type
cells in the small intestine and suggests also that each segments
of the small intestinal has a different physiological and histological structure [15, 41]. In the present study, the closed-type
was around 2 times more frequent than the opened-type in all
regions of small intestine in controls but the presence of the
opened-type gradually increases from duodenum to ileum.
The serotonin cells are involved in local regulation of electrolyte secretion and water in the gastrointestinal tract [15,
20]. These cells are inhibited by the serotonin re-uptake transporter (SERT) that mediates serotonin uptake into neurons
and/or enterocytes [8, 20]. The lack of SERT and stimulation
of serotonin cells lead to diarrhoea by increased water and colonic
motility [8, 15, 18]. However, the lower serotonin immunoreactivity is associated to oxidative stress and inflammatory
cytokines that involve a mechanism responsible for goblet cell
hyperplasia [4]. The probiotics and prebiotics may play different roles in various diseases associated with diarrhoea or
constipation, and would act as antidepressant and serotonergic
compounds by increasing the levels of tryptophan [1, 37]. In
this study, the counts of serotonin closed-type and openedtype cells have significantly decreased in all intestinal segments in quails supplemented with prebiotics / probiotics
and/or organic acids and with antibiotics compared to the
controls. The decline in serotonin cells was maximal with antibiotic supplementation and minimal when only organic acids
were added to diets. Therefore, the decrease in the serotonin
positive cells might be related to mobility decrease and/or to
increase in SERT.
As a conclusion, the villus height / crypt depth ratio and the
mucin- and serotonin- releasing cell counts were determined
by histochemical and immunohistochemical methods in the small
intestine of quails treated with basal diet, prebiotic-probiotic
combination, organic acid combinations, both probiotic-prebiotic
and organic acid combinations and antibiotic. It was mainly
observed that whereas all supplementation procedures have
lead to decrease the numeration of serotonin positive cells
(opened and closed types) in all intestinal segments, dietary
supplementation with combination of prebiotics, probiotics
and organic acids has dramatically enhanced the presence of
goblet cells contrary to the antibiotic supplementation and to
simple addition of prebiotics/probiotics or organic acids into
diets at a lesser extend. Further studies are required to investigate the regulation of mucin- and serotonin- releasing cell
proliferation in small intestine and particularly to explore the
serotonin effects on goblet cell density.
Revue Méd. Vét., 2012, 163, 7, 328-334
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