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Distribution of gastrin and secretin immunoreactive cells in the
gut of an Indian Skipper frog, Euphlyctis cyanophlyctis

(Schneider): An immunohistochemical study
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Abstract

The present investigation deals with the identification, localization, and mapping of
gastrin and secretin-producing endocrine cells in different regions of the alimentary
canal of Euphlyctis cyanophlyctis (Schneider) through the immunohistochemical (IHC)
technique. G-IR (gastrin immunoreactive) cells of both the open and the closed types
were present abundantly in the gastric mucosa of the pyloric region, in comparison to
that of the fundic region. The open type of cells had long protoplasmic extensions
reaching up to the lumen, suggesting the lumone concept of gastrin secretion. While
the closed types were restricted towards the basal region of the mucosa and occurred
in polymorphic forms ranging from rounded, oval, pyramidal, to amoeboid appearance.
The closed type of G-IR cells was recorded in the duodenal mucosa, revealing the
source of intestinal gastrin. Thus, suggesting a hormone-lumone-parahormone
concept of gastrin secretion. The S-IR (secretin immunoreactive) cells were localized
in both the duodenal and ileum regions of the alimentary canal. Comparatively, the
number of S-IR cells was abundant in the duodenal mucosa, with respect to the ileum
region. In the myenteric plexus of the ileum region, abundant secretin immunoreactivity
was recorded, indicating that secretin not only acts as a hormone but also acts as a
neuromodulator. All the S-IR cells were of the closed type, and no open type has been
observed in the present study. The immunohistochemical study of amphibian gut
endocrine cells provide valuable insights into gut health, gastrointestinal disorders, and
the physiology and phylogeny of gut endocrine cells, thereby contributing to a deeper
understanding and reframing of amphibian gut biology.
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The enteroendocrine cells, variously called Helle-Zellen cells or clear cells or

agyrophylic cells (Feyrter, 1953) are one of the vital components of the enteric
epithelial layer, involved in regulating the gastro-intestinal physiology, thus making
the mechanically and chemically processed food ready for absorption. This results
to the utilization of these nutrients for growth, energy production, maintenance and
perpetuation by the different body cells. These enteroendocrine cells comprise
about 1% of the total epithelial cells in the gastrointestinal tract, but still they are the
essential regulators of digestion (May & Kaestner, 2010).

The specific endocrine cells are present in the different regions of the alimentary
tract, uniquely diffused amidst the non-endocrine cell population of the gastro-
enteric epithelium (Pearse, 1981). Till date hundreds of such different cells have
been identified which through their specific secretions carry out many specific
physiological actions in the specific regions of the digestive tract. The physiological
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actions include the regulation of the secretions of enzyme and non-enzyme
containing gastro-intestinal juices, regulating the mobility of the gastrointestinal tract
(Track, 1980; Deveney & Wal, 1983), signaling the growth, repair and differentiation
of enteric epithelial cells (Ekundayo et al., 1995) and even regulating the food intake
and energy homeostasis through orexigenic effect (Gil-Campos et al., 2006). The
above physiological actions are accomplished through autocrine, (Hoosein et al.,
1990), paracrine/juxtacrine, luminocrine, endocrine manner (Larsson et al., 1979;
Rehfeld, 1998; Hofer et al., 1999) and by release of gut hormones in the synaptic
regions (Vizi et al., 1972; Dawson, 1978).

The gut endocrine cells have been classified as open, closed (Fujita & Kobayashi,
1974) and transitional type depending upon their morphology and mode of release
of their secretory product. The open type of cells has long protoplasmic extensions
reaching up to the lumen, thus releasing their content into the lumen and also
involved sensing the gut content (Sternini et al., 2008), thereby get stimulated to
secrete their hormones. Rao and Shukla, (2013) in their studies on Lepidocephalus
guntea, have demonstrated the presence of open type of G — cells which are in the
process of releasing their contents into the space between the intestinal villi, thereby
suggesting the role of gastrin as lumone.

On the contrary the closed type of endocrine cells is devoid of such extensions and
remains restricted to the basal lamina and release their products into the blood
circulation (Fujita & Kobayashi, 1977). Shukla and Rao (2015) in the
immunohistochemical (IHC) studies of gastrin producing cells in Indian Skipper frog
Euphlyctis cyanophlyctis have reported the third transitional types of cells with
multiple protoplasmic processes are extending to variable directions indicating their
possibility of transformation from one form to other depending upon their
requirement.

The study of endocrinology started from the troika group of enteric hormones,
secretin (Baylsis & Starling, 1902), gastrin (Edkins, 1905) and cholecystokinin (lvy
& Oldberg, 1928). The identification, localization and distribution of the gut endocrine
cells have been achieved through histochemical (Fange, 1962), ultrastructural
(Vasallo et. al., 1969), IHC, immunoflourescent (Coons et al., 1955) and IHC coupled
with ultrastructural methods (Sun & Song, 2003). During the last few decades, the
improvised IHC technique has been employed for the detection of more than one
hundred gut hormones and putative hormone secreting cells including those of
sorbin (Abou et al., 2000) ghrelin, (Zhao & Sakai, 2008), peptide YY (Le Roux et al.,
2005), obestatin (Hassouna et al., 2010) and oxyntomodulin (Wynne et al., 2010).

Such studies carried out among different groups of vertebrates, help in
understanding the digestive physiology in a much better way, its relation with feeding
habit (Mortensen et al., 1979; Santos et al., 2008), clinical endocrinology, endocrine
pathological conditions (De Lellis & Wolfe 1983; Hawkins et al., 1987; Ku et al.,
2005) and even the phylogeny of gut endocrine cells (D’Este et al., 1994). Most of
the studies have been carried out in amniote group of vertebrates (Bunnett, 1984;
Arena et al., 1990; Kitamura et al., 1990; Huang & Wu, 2005; Nascimento et al.,
2007; Tarakci et al., 2008) and less in anaminotes. Among anaminotes the
amphibian group has been least investigated. Keeping this in mind and for filling the
research gap the present investigators tried to identify, localize and map the gastrin
and secretin producing endocrine cells in different regions of the alimentary canal of
Euphlyctis cyanophlyctis (Schneider) through immunohistochemical technique.
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Material & Methods

For the present investigation, 10 adult live frogs, Euphlyctis cyanophlyctis
(Schneider) were procured from their natural habitat (lentic freshwater body) of
Ranchi (India) with average body weight of 20£3 g and acclimatized to laboratory
conditions for about fifteen days in a large aquarium (21X17X18 inch sized)
containing muddy substratum, aquatic vegetation and pond water to mimic their
natural habitat. They were maintained at 12h day/night cycle and fed with food ad
libitum.

The acclimatized specimens were anaesthetized with the diethyl ether (Plate et al.,
2005). Zamboin’s fixative was injected into the mouth of the specimen with the help
of the disposable syringe, to clear out the gut content. The entire gut was separated
out from the dissected specimen and cut in pieces at several regions including those
of oesophagus/ stomach junction, fundic and pyloric region of stomach,
stomach/duodenum junction, duodenal, ileum and rectal region. These pieces were
dipped in the same fixative overnight.

The tissues were washed under running tap water to remove the excessive fixative
and were thereafter divided into two sets.

The tissues of set | were further processed for frozen block preparation and
cryosectioning in the following manner:

a) Cryoprotection: This was done by treating the tissues with sucrose gradient
solutions, 10%, 20% for 2 hours each and 30% overnight.

b) Block preparation: Next day CryO-Z-T (Product No. 27055, Ted Pella Inc., USA),
a frozen embedding material was used to prepare the frozen blocks of the cryo-
protected tissues.

c) Cryosectioning: 12 uym thick sections were cut with cryostat microtome (Model
no: MSW 459), at -20°C and spread on Poly-L-lysine coated slides.

The spread slides were divided into three groups.

The slides of group 1 were subjected to antigen retrieval (AR). This was done by
treating with 1 % sodium dodecyl sulphate prepared in 0.1 M PBS pH 7.4, for 5 min,
(Robinson & Toshihiro, 2002) followed by standard immunocytochemistry (ICC)
method (Hsu et al., 1981).

The slides of group 2 were subjected to IHC alone without AR.

The slides of group 3 were considered for Omission Control to affirm the presence
of gastrin immune reactive cells and secretin immune reactive cells.

The tissues of set |l were processed for paraffin block preparation and sectioning in
the following manner:

a) Tissue dehydration: This was done by treating the tissues in graded alcohol and
cleared with xylene.

b) Wax penetration: The dehydrated tissues were kept in molten wax for period of
overnight in an incubator maintained at 60°C.

c) Block Preparation and sectioning: On the next day paraffin blocks were
prepared and serial sections at 6um were cut and spread on albumin coated slides.
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The spread slides were deparaffinized with xylene and divided into three groups.

Group 1: The sections were rehydrated in alcohol gradation followed by antigen
retrieval with citrate buffer for forty minutes maintaining at 80°C in a water bath.

The slides of group 2 were subjected to IHC alone without AR.

The slides of group 3 were considered for omission control to affirm the presence of
gastrin immune reactive cells and secretin immune reactive cells.

The antigen retrieved and non-antigen retrieved of both the cryosections and
paraffin sections were subjected to the standardized IHC staining method in the
following manner:

1) Blocking of endogenous peroxidase was done by washing the sections
with 0.1M PBS (pH=7.4) followed by treatment with 3% hydrogen peroxide
in methanol.

2) Blocking of non-specific binding sites with the help of blocking solution
(1% Bovine Serum Albumin in 0.5% Triton X 100).

3) Incubation with primary antibody: One set of sections were now
incubated with anti-gastrin (rabbit polyclonal antibody, Batch No: Z04509
and Z04518, ENZO SWISS) which worked best at 1:4000 dilutions, for two
hours.

Similarly, another set of sections were incubated with anti-secretin (rabbit polyclonal
antibody, Catalog No. ab8495 (250uL) Abcam, Cambridge, UK) which worked best
at 1:20 dilution, for two hours.

Dilution test was performed for both the primary antibodies, to determine the dilution
in which the best results can be obtained. Initially the different sections of the frog’s
gut were incubated with serial dilutions of the primary antibody. For localizing G-IR
cells, 1:1000, 1:2000, 1:3000, 1:4000 and 1:5000 dilution of anti-gastrin was made
and applied to different section of the gut, followed by the running the entire protocol
to obtain the gastrin immunoreactivity. The best results were obtained in the slides
which were incubated with 1:4000 dilutions. Similar steps of dilution test were
performed for secretin immuno-localization using 1:10, 1:20, 1:30 and 1: 40 dilutions
and the best results were obtained at 1:20 dilutions.

4) Incubation with secondary antibody and avidin peroxidase: After
washing the tissue with PBS, the tissues were incubated with second
antibody (biotinylated goat anti-rabbit IgG) and avidin peroxidase (Extra-3
Kit, Batch No: 100M4788, Sigma Aldrich, USA) for one hour each (1:20
dilution). All incubations were done in a humidity chamber.

5) Application of chromogen: Tissues were again washed with buffer and 3-
amino-9-ethylcarbazole (AEC) chromogen (AEC 101 KIT, Batch 604 No.
090M4799, Sigma Aldrich, USA) was applied for 5—10 min, until reddish
brown colour was visible. The colour so developed, was observed under a
microscope after mounting with glycerol-gelatin mixture.

6) Microphotography: The photographs were taken through Olympus
trinocular photomicroscope (Model No. CX21 with E420 digital camera
attachment).

7) Omission Control: The omission control was performed for group-3 slides
which were subjected to all steps except incubation with primary antibody
to reaffirm the G- cells and S- cells.
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Results

IHC study under the bright field light microscopic examination revealed the presence
of G-IR cells only in the stomach and the duodenal region and the S-IR cells only in
the intestinal region of the alimentary canal (Figure 1) of Euphlyctis cyanophlyctis.
G-IR cells were abundantly present in the pyloric region of the frog’s stomach (Figure
2). These G-IR cells were of varied shapes, ranging from oval, rounded and
pyramidal shaped with distinct secretory granules (Figure 3 and Figure 4). The G-IR
cells were also observed in the duodenum, but these were found restricted to the
basal lamina region (Figure 5). Both the open and closed types of G-IR cells were
recorded in the stomach regions, but those present in the duodenal region were of
closed types.

Figure 1. Alimentary canal of Euphlyctis cyanophlyctis. OE: oesophagus, ST: stomach, DU: duodenum, IL: lleum,
RE: rectum and CL: cloaca.

Figure 2. Photomicrograph of transverse section of stomach (pyloric region) of Euphlyctis cyanophlyctis, showing
abundant G-IR cells in cryosection 12y thick, without antigen retrieval method. LU: lumen, LP: lamina propria,
MM: muscularis mucusa. 100X magnification.

The Applied Biology & Chemistry Journal, 2025, Volume 6, Issue 4 | https://doi.org/10.52679/tabcj.2025.64001
© 2025 Shukla & Rao. Published by Integrative Centre for Research & Innovation in Biology. This is an open-access article under the CC BY-NC 4.0 license


https://doi.org/10.52679/tabcj.2025.64001
https://doi.org/10.52679/tabcj.2025.64001
https://www.google.com/url?q=https%3A%2F%2Fcreativecommons.org%2Flicenses%2Fby-nc%2F4.0%2F&sa=D&sntz=1&usg=AFQjCNEJLVEkf3qW3X80Zm7I6gHyFI_Okw
https://www.google.com/url?q=https%3A%2F%2Fcreativecommons.org%2Flicenses%2Fby-nc%2F4.0%2F&sa=D&sntz=1&usg=AFQjCNEJLVEkf3qW3X80Zm7I6gHyFI_Okw

T Appl Biol Chem J, 2025, Vol. 6, No. 4 | https://doi.org/10.52679/tabcj.2025.64001 | 6

Figure 4. Photomicrograph of transverse section of stomach (pyloric region) of Euphlyctis cyanophlyctis showing
pyramidal shaped, oval shaped and open type of G-IR cells with distinct secretory granules. LP: lamina propria.
Cryosection 12y thick, without antigen retrieval, 400X magnification.

DV

Lumen

Figure 5. Microphotograph of transverse section of duodenum of Euphlyctis cyanophlyctis showing the presence
of G-IR cells in the duodenal villi (DV). 100X magnification.
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The S-IR cells were abundant in the duodenal mucosa and its frequency of
occurrence was comparatively less in mucosa region of ileum part (Figure 6). Only
closed type of S-IR cells were observed which were localized at the basal region of
the mucosa (Figure 7). Abundance of secretin immunoreactivity was found in the
muscle layers of ileum region (Figure 8). No gastrin and secretin immunoreactivity
was observed in the histological slides in which omission control was performed
(Figure 9 and Figure 10).

Figure 6. Photomicrograph of transverse section of duodenum of Euphlyctis cyanophlyctis showing the presence
of S-IR cells in the duodenal villi (DV), marked by thick black arrows, WL: wide lumen. 100X magnification.

Figure 7. Photomicrograph of transverse section of duodenum of Euphlyctis cyanophlyctis showing a portion of
villus with closed type S-IR cells localized towards the basal lamina. BM: basement membrane and LP: lamina
propria. Cryosection 12um thick, antigen retrieved, 1000X (Oil Immersion) magnification.

The Applied Biology & Chemistry Journal, 2025, Volume 6, Issue 4 | https://doi.org/10.52679/tabcj.2025.64001
© 2025 Shukla & Rao. Published by Integrative Centre for Research & Innovation in Biology. This is an open-access article under the CC BY-NC 4.0 license


https://doi.org/10.52679/tabcj.2025.64001
https://doi.org/10.52679/tabcj.2025.64001
https://www.google.com/url?q=https%3A%2F%2Fcreativecommons.org%2Flicenses%2Fby-nc%2F4.0%2F&sa=D&sntz=1&usg=AFQjCNEJLVEkf3qW3X80Zm7I6gHyFI_Okw
https://www.google.com/url?q=https%3A%2F%2Fcreativecommons.org%2Flicenses%2Fby-nc%2F4.0%2F&sa=D&sntz=1&usg=AFQjCNEJLVEkf3qW3X80Zm7I6gHyFI_Okw

T Appl Biol Chem J, 2025, Vol. 6, No. 4 | https://doi.org/10.52679/tabcj.2025.64001 | 8

Figure 8. Photomicrograph of transverse section of ileum of Euphlyctis cyanophlyctis showing secretin
immunoreactive areas localized between the muscle layers. Paraffin section 6y thick, antigen retrieved, 1000X
(Oil Immersion) magnification.

EEmes e e

Figure 9. Photomicrograph of transverse section of stomach region of Euphlyctis cyanophlyctis, omission control
slide, showing no immunoreactive cells are present. LU: lumen. Cryosection 12um thick, 400X magnification.
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Figure 10. Photomicrograph of transverse section of ileum of Euphlyctis cyanophlyctis, omission control slide,
showing no immunoreactive cells are present. CP: crypt, LU: lumen. Paraffin section 6um thick, antigen retrieved,
400X magnification.

Discussion

The different morphotypes of gut hormone—producing cells in amphibians have been
examined using immunohistochemical methods. Previous studies have reported a
range of immunoreactive cell types in several species, including Rana dybowskii
(Lee & Lee, 1996), Rana temporaria (Bodeges et al., 1997), Rana pipiens (Lechago
etal., 1978), Xenopus laevis (Lee & Lee, 1992; 1997), Rana esculenta (Trandaburu
& Nurnberger, 1995), Bufo regularis (El Salhy et al., 1981; 1982), Rana catesbeiana
(Lee et al., 1998a; 1999), Rana nigromaculata (Lee et al., 1998b; Pan et al., 2009),
Bombina orientalis (Ku et al., 2000a), Hyla arborea japonica (Ku et al., 2000b), Rana
rugosa (Ku et al., 2003), and Rana ridibunda (Yaman et al., 2005). These studies
used various mammalian-derived antisera to identify immunoreactive
enteroendocrine cells.

Some of the researchers have coupled the IHC studies with different methods to
explore the ultrastructural features of the amphibian gut endocrine cells. The
immunocytochemical coupled with ultrastructural studies were performed in
Salamandra salamandra (Buchan et. al., 1980); in Rana perezi (Gallego-Huidobro
& Pastor, 1996) and in Rinella icterica (Pelli-Martins et. al., 2012).

De Rada et al. (1987) and Valverdae et al. (1993) through immunocytochemical
coupled with ultrastructural studies have identified the G-IR cells both amidst
mucosa and around gastric glands in Rana temporaria and also measured the size
of their secretory granules having a mean diameter of 190 nm.

Ku et al. (2000b) had reported the presence of six different kinds of IR cells in Hyla
arborea japonica including spherical or spindle shaped gastrin IR cells, but didn’t
observe the secretin IR cells. Ku et. al. (2003) had observed G-IR cells in Rana
rugosa, which was reported to be restricted in gastric antral region with low
frequency.

Yaman et al. (2005) in Rana ridibunda, could not report the presence of G-IR cells.
However, in other species of Rana, Pan et al. (2009) have observed the frequency
of gastrin immunoreative cells, before and after fasting state. Buchan et al. (1980),
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in their immunocytochemical coupled with ultra-structural studies using mammalian
gut peptide antisera, identified immunoreactive gastrin in the nerve fibers in
submucosa as well as in the myenteric plexus. Shukla and Rao (2012), through the
comparative studies of cryosections and paraffin sections, studied the G-IR cells in
Rana cyanophlyctis, reported the presence of G-IR cells in stomach as well as in
small intestine, suggesting the occurrence of Intestinal gastrin.

The present investigation revealed that in Euphlyctis cyanophlyctis the G-IR cells
occur in both mucosal region and around gastric glands, as also reported by De
Rada et al. (1987). Moreover, the number of G-IR cells in the pyloric region is
numerous while in fundic region these are scanty. In fundic region of the stomach
the G-IR cells are localized in the vicinity of gastric glands. However, the presence
of long protoplasmic extension of G-IR cells (open type) towards the lumen and the
G-IR cells with small protoplasmic extensions, as well as spindle shaped cells in the
close proximity of the gastric gland suggests a multiple mode of release of gastrin
in either way, i.e., as a lumone or paracrine agent or a hormone. Furthermore, G-IR
cells have also been localized in the duodenal region of intestine. In this region the
cells are restricted to the basal lamina of enteric epithelium. Morphologically the
intestinal G-IR cells are quite distinct from those found in stomach region. Here the
G-IR cells (closed type) are rounded in shape and without any protoplasmic
extensions. It is therefore, reasonable to assume that the occurrence of G-IR cells
is in accordance with the need and their strategic location for secretion.

The IHC localization of secretin cells has been carried out by El-Salhy et al. (1981)
reporting the presence of S-IR cells in both stomach and intestine of Bufo regularis;
Ku et al. (2000a) observed S-IR cells in pylorus, duodenum and ileum regions of gut
of a red-bellied frog Bombina orientalis. Lee et al. (2003) have identified the secretin
IR cells in pancreas and reported them to be present in large numbers in the same
species.

In the present study, secretin immunoreactivity is abundant in the duodenal mucosa
of Euphlyctis cyanophlyctis. Majority of S-IR cells were located at the region of basal
lamina of the enteric epithelium of the duodenal villi. Morphologically, all the S-IR
cells are rounded or oval in shape and none of these S-IR cells have long
protoplasmic extensions spanning the entire width of enteric epithelium. In the
present findings the secretin immunoreactivity is seen in the ileum region both in its
mucosa and in the myenteric nerve plexus areas. The number of S-IR cells in the
mucosal region of ileum has been found to be less abundant in comparison to the
number of the duodenal mucosa. The occurrence of S-IR cells in the mucosa of
duodenum and ileum region was observed, but the S-IR cells were abundant in
duodenum in comparison to ileum. Thus there is marked decrease in the number of
mucosal S-IR cells from duodenum to ileum region of the alimentary canal. But in
the myenteric nerve plexus much secretin immunoreactivity has been observed. So
far the localization and morphology of mucosal S-IR cells are concerned; these are
similar to those found in the duodenum. In both duodenum and ileum, the mucosal
S-IR cells are restricted towards the basal lamina of the enteric epithelium and
morphologically all are rounded or oval in appearance without any protoplasmic
extensions. The physiological significance of the occurrence of closed type of S-IR
implies that these cells are located at the basal region of the enteric epithelium and
not directly exposed to the acidic chyme entering into the duodenum. These are
activated indirectly via neural or hormonal signals and have synaptic associations
with nerve endings, suggesting brain-gut communication required for neuro-
hormonal control of digestion. The secretin exerts numerous roles in
neurotransmission, neurogenesis and neural protection through neurocrine
signaling as reported by Ng et al. (2002). Lu & Owyang (2009) have shown that
secretin acts on the afferent vagal nerve to inhibit gastric mobility in rats.

The present finding also shows the presence of secretin immune-reactivity in the
region between the muscle layers of the intestinal wall. This is an evidence of the
fact that gastrointestinal hormones especially gastrin and secretin act as hormone-
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parahormone-lumone molecules. In addition, these can also affect the nervous
system thereby acting as neuro-modulators.

Future Implications of IHC study of endocrine gut cells in amphibian models will help
to establish a baseline data for comparative and evolutionary origin of the gut
endocrine cells, since amphibians hold a strategic position in evolutionary ladder
above anaminote fishes and first true land vertebrates that is amniote reptiles.
Moreover, the future study can also help in understanding how the development of
gut endocrine cells alter during the transition phase of herbivorous tadpole larva
metamorphosing into carnivore adult frog.

Conclusion

The present study reveals the IHC localization of closed and open type of G-IR cells
and S-IR in different mucosa and myenteric regions of the alimentary canal of
Euphlyctis cyanophlyctis. These findings greatly help in understanding the neuro-
endocrinological regulation of digestive physiology in the anaminote member.
Comparing with data from other anaminote and aminote members one can also
picturize the phylogeny of these gut endocrine cells. The occurrence of abundant
open type of G-IR cells in the pyloric region strongly supports the concept of gut
luminal sensing property of these cells. Which are stimulated by sensing the luminal
contents of the gut and then release their respective hormones either in the lumen
or in the basal region, thus regulating the physiology of digestion through
luminocrine, paracrine and endocrine signaling. The presence of closed type G-IR
cells in the duodenal mucosa is the another regulatory pathway acting by the
secretion of intestinal gastrin. The S-IR cells found were mainly of closed type in the
present study, whose abundance were recorded in the duodenal mucosa and the
myenteric region of the intestinal wall. These findings suggest the role of gut
hormones as neuro-modulators establishing the brain-gut axis for regulation of
digestive physiology. The IHC study of gut endocrine cells provide better
understanding of comparative endocrinology, phylogeny of GIT, neuro-endocrine
regulation of digestive physiology and even in gut pathology in amphibians.
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