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Abstract

INTRODUCTION: The pancreas is a mixed gland that plays indispensable roles in digestion and glucose uptake. Grass
carp [Ctenopharyngodon idella (C. idella)] is a cyprinid fish used in aquaculture, medicine, and research. Knowledge
about the early posthatching development of grass carp pancreas is lacking.
OBJECTIVE: The present study aimed to elucidate the morphogenic events involving the pancreas of C. idella during the
early posthatching period.
METHODS: Developmental steps involving the pancreas of C. idella during the early post-hatching period were studied
using histological, histochemical, and morphometric techniques. Larvae were collected at 1-day posthatching (1 dph), 4
dph, 10 dph, and 20 dph and stained with hematoxylin and eosin and periodic acid-Schiff stains.
RESULTS: The pancreas of C. idella displayed progressive developmental changes throughout the study period. At 1
dph, the pancreatic primordium was located dorsal to the gut and caudal to the hepatic primordium. Zymogen granules
were detected at 4 dph and appeared clearer onward, suggesting the initiation of pancreatic digestive activity at this age.
At 10 dph, the pancreas appeared to be in close contact with the liver and spleen. At 20 dph, the pancreas significantly
increased in size, was infiltrated by patches of adipose tissue, and housed a large number of pancreatic acini containing
well-developed zymogen granules within the apical portions of their cytoplasm. Endocrine cells were detected among
pancreatic acini at 20 dph and appeared to be more concentrated in the vicinity of the blood vessels.
CONCLUSIONS: The present study reports age-related structural changes in the pancreas of grass carp during the first
three weeks of post-hatching life and will help to understand the pancreatic biology of the studied species.
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1. Introduction

F ish pancreas is a mixed gland consisting of
exocrine and endocrine components [1]. The

exocrine portion is composed of pancreatic acinar
cells that produce digestive enzymes. These
enzymes are transported to the intestine through a
well-developed duct system. The endocrine
pancreatic portion is represented by islets of Lang-
erhans. The latter structures consist of various types
of hormone-producing cells that release their se-
cretions directly into the bloodstream [2,3].
Cyprinidae is a large family of teleost fish that

comprises more than 3.000 species [4]. Grass carp

[Ctenopharyngodon idella (C. idella)] is a Cyprinidae
member with specialized herbivorous behavior.
Grass carp was originally native to China and has
spread to several parts of the world including Egypt
[5]. Grass carp are regarded as a green tool against
aquatic weeds because of their ability to ingest
enormous amounts of aquatic flora. C. idella also
serves as a research model due to its ability to
withstand a wide range of temperature fluctuations
and oxygen deprivation [6].
The pancreas of most vertebrates originates as two

buds, dorsal and ventral, from a predetermined area
of the foregut just caudal to the liver [7]. At the
hatching stage, the pancreas is not distinguishable
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and appears as a mass located dorsal to the gut tube
[8]. In zebrafish, the dorsal and ventral buds fuse at
the time of hatching [9]. While the post-hatching
morphogenic features of the pancreas have been
investigated in various fish species including Nile
tilapia (Oreochromis niloticus) [10] and zebrafish
(Danio rerio) [11], the early development of the
pancreas and its differentiation in grass carp have
not been fully studied. The present study aimed to
characterize the morphogenic steps in the pancreas
of grass carp (C. idella) during the early posthatching
period. Grass carp were collected at 1, 4, 10, and 20
days post-hatching (dph) and subjected to histo-
logical and histochemical analyses.

2. Material and methods

2.1. Collection of grass carp larvae

One hundred grass carp larvae (C. idella, Valen-
ciennes, 1844) were collected from the Central
Laboratory for Aquaculture and Fish Hatchery

(El-Abbassa, Abu-Hammad, Sharkia Governorate,
Egypt) at 1 dph. The complete taxonomy of the used
species (NCBI:txid7959) is shown in Fig. 1. Within
2 h of collection, the larvae were brought in air-filled
plastic aquaria to the Anatomy Laboratory at the
Faculty of Veterinary Medicine, Mansoura Univer-
sity, Egypt. The present study was approved by the
Research Ethics Committee of the Faculty of Veter-
inary Medicine, Mansoura University, Egypt (M/
106). The study was conducted by the ARRIVE
guidelines and the National Institutes of Health
Guide for Use of Animals in Research (NIH Publi-
cations No. 8023, revised 1978).

2.2. Acclimatization of grass carp larvae

Twenty 1 dph larvae were initially sampled at the
hatchery. Following arrival at the laboratory, the
remaining 1 dph larvae were allowed to acclimatize
to laboratory conditions in an air-circulated fresh-
water tank. Sampling was subsequently performed

Fig. 1. Taxonomic classification of Ctenopharyngodon idella (Valenciennes, 1844).
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at 4, 10, and 20 dph. Details of the fish adaptation
strategies used in our laboratory are shown in
Table 1.

2.3. Histological analysis

The whole larvae were fixed in 10% neutral buff-
ered formalin for 72 h following their anesthesia in
freshwater containing clove oil (30 ml/l) [12]. Clove
oil is regarded as a powerful natural anesthetic
agent for fish anesthesia [13]. Loss of tail response
and cessation of movement were considered as
signs of complete anesthesia. The formalin-fixed
specimens were processed for paraffin embedding
using routine histological methods. A 4-mm thick
sections were cut, attached to glass slides, and
stained with hematoxylin and eosin and periodic
acid-Schiff (PAS) stainings as described elsewhere
[14e16]. Briefly, paraffin sections were deparaffi-
nized in xylene for 15 min and rehydrated in four
descending grades of ethanol (absolute, 95, 80, and
50%) for 20 min. For hematoxylin and eosin staining,
deparaffinized slides were immersed in Harris he-
matoxylin solution for 8 min, differentiated in 1%
acid-alcohol solution (1% HCl in 70% ethanol) for
30 s, and finally immersed in 0.5% eosin Y solution
for 1 min. Next, the slides were dehydrated in
ascending grades of ethanol (95% and absolute) for
15 min, cleared in xylene for 15 min, and cover-
slipped using a synthetic mounting medium. For
PAS staining, deparaffinized slides were oxidized in
0.5% periodic acid solution for 5 min, stained with
Schiff's reagent for 15 min, and counterstained with
Mayer's hematoxylin for 2 min. The slides were then
dehydrated, cleared, and covered with coverslips.

2.4. Immunohistochemistry

Paraffin sections of 4 mm thickness were prepared
for 3, 30-diaminobenzidine (DBA) immunohisto-
chemistry as previously described [14]. Briefly, sec-
tions were microwaved in sodium citrate (pH ¼ 6)
for 20 min. A solution containing 5% bovine serum
albumin in PBS was used to mask the nonspecific
epitopes for 1 h. Glucagon monoclonal antibody

(14e9743-80; Invitrogen, MA, USA) was employed
for 3 h. Biotinylated donkey anti-mouse secondary
antibody (715-065-140; Jackson ImmunoResearch,
PA, USA) was then added for 30 min, followed by
the VECTASTAIN Elite ABC kit (PK-6100, Vector
Laboratories, CA, USA) for another 30 min. The
final immunoreaction was induced using a fresh
DAB solution (SK-4103, Vector Laboratories). The
sections were counterstained with Mayer's hema-
toxylin for 2 min, dehydrated, cleared, and covered
with coverslips.

2.5. Morphometric analysis

The morphometric analysis in the present work
included the diameter of pancreatic acini and the
intensity of zymogen granules. Five microscopic
images captured at 400� magnifications were
analyzed for each larval age. All images were
initially calibrated using ImageJ software (NIH,
Bethesda, MD, USA) to convert the pixels to a
micrometric scale before conducting the analysis.
The diameter of pancreatic acini was estimated
using the measure tool of the ImageJ software. The
intensity of zymogen granules per pancreatocyte (10
randomly selected pancreatocytes per microscopic

Table 1. Fish adaptation strategy.

Larval age Laboratory conditions

1 dph* No feeding on the first day. Water tank at temperature of 23e25 �C. Oxygen and pH at 85% and 7.7, respectively.
The photoperiod was kept at 12:12 h light dark cycle

2e4 dph Feeding on egg yolk solution twice daily. The water was partially (10%) replaced daily
5e10 dph Feeding on scrambled commercial fish ration (30% protein). The water was partially (10%) replaced daily
10e20 dph Feeding on fine pelleted commercial fish ration (30% protein). The water was partially (10%) replaced daily
* dph, day posthatching.

Fig. 2. Gross appearance of the pancreas in adult grass carp. a) Intact
adult fish. b) Dissected adult fish; the pancreas (mesenteric form) is
denoted by arrowheads. AI, anterior intestine; GB, gas bladder; IB, in-
testinal bulb; L, liver. Scale bar ¼ 10 mm.
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field) was calculated using the color histograms of
the same software.

2.6. Statistical analysis

Data were analyzed using GraphPad Prism 7
(GraphPad Software, CA, USA) and presented as
mean ± SD. The differences in acinar diameter and
zymogen granules intensity between various larval
ages were determined using one-way analysis of
variance followed by Tukey's multiple comparison

tests. P values less than 0.05 were used to indicate
statistical significance.

3. Results

3.1. Overview of the gross appearance of the
pancreas in adult grass carp

Grossly, the pancreas of adult grass carp appeared
as yellowish glandular masses of variable sizes
interspersing the celomic cavity and filling the
spaces between the celomic viscera, including the
liver, intestinal bulb, and intestines (Fig. 2).

3.2. Early developmental microanatomy of the
grass carp pancreas

The pancreas of grass carp (C. idella) revealed
progressive developmental changes during the
early post-hatching life (Figs. 3e6).

Fig. 3. Light microscopic appearance of the developing pancreas in grass
carp larvae at 1-day post-hatching (1 dph). (a) The pancreatic pri-
mordium (P) of 1 dph grass carp is located dorsal to the developing gut
tube (G) at an area caudal to the developing liver (L). Hematoxylin and
eosin stain. (b) High magnification of Fig. 3a showing the pancreas (P)
consisting of undifferentiated cells. (c) The pancreatic anlage displayed
a weak reaction to PAS staining. PAS stain. K, kidney; N, notochord;
YS, yolk sac.

Fig. 4. Light microscopic appearance of the developing pancreas in grass
carp larvae at 4-days post-hatching (4 dph). (a) The pancreas (P) of 4
dph grass carp is located dorsal to the gut tube (G) and ventral to the
kidney (K). Note the granular cytoplasm of pancreocytes indicating the
formation of zymogen granules (arrowhead). Hematoxylin and eosin
stain. (b) The cytoplasm of pancreocytes exhibited a moderately positive
reaction to PAS staining. PAS stain.
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At 1-day post-hatching (1 dph), the primordium of
the pancreas was observed dorsal to the developing
gut tube, which appeared potentially closed by this
age, in an area caudal to the liver (Fig. 3a and b). No
evidence of zymogen granule formation was detec-
ted at this age (Fig. 3b). The pancreatic cells showed
a weak reaction to PAS staining at this age (Fig. 3c).
At 4 dph, the pancreas was seen on the dorsal

aspect of the gut tube ventral to the gas bladder and
developing kidney (Fig. 4a). The cytoplasm of the
pancreocytes revealed a granular eosinophilic
appearance indicating the formation of zymogen
granules by this age (Fig. 4a). The cytoplasm of the
pancreocytes showed a moderately positive reaction
to PAS staining (Fig. 4b).
At 10 dph, the pancreas increased in size and was

found caudoventral to the gas bladder and caudal to
the liver, to which it was connected by a narrow strip
of cells (Fig. 5a and b). The number of pancreatic acini
was remarkably higher than that at 4 dph (Fig. 5b). A
group of these acini was in close contact with the liver
and spleen (Fig. 5c). A number of pancreatic acini
were seen attached to the intestine and mesenteric
pancreas and exhibited a moderately positive reac-
tion to PAS staining (Fig. 5d).
At 20 dph, the pancreas revealed a significant

expansion in its dimensions, infiltrated by patches

of adipose tissue, and appeared intimately related to
the liver and spleen (Fig. 6a). A group of pancreatic
acini surrounded the branches of the portal vein as
they entered the hepatic parenchyma (Fig. 6b). The
mesenteric pancreas showed progression in size,
where several pancreatic acini were clustered within
the spaces in-between the intestinal coils (Fig. 6c).
The pancreatic acini contained well-developed
zymogen granules within the apical portions of the
cytoplasm (Fig. 6d). Exocrine pancreatic acini dis-
played a strong positive reaction to PAS staining
(Fig. 6e). Small clusters of endocrine cells with
round nuclei and pale stained cytoplasm were
observed among the pancreatic acini in close posi-
tion to small blood vessels (Fig. 6f and g). The
cytoplasmic expression of glucagon by these endo-
crine cells was evident immunohistochemically
(Fig. 6h). The main histological and histochemical
findings related to early pancreatic development in
grass carp observed in this study are summarized in
Table 2.

3.3. Morphometric analysis of grass carp pancreas

The morphometric study involved the diameter of
the pancreatic acini and the intensity of zymogen
granules (Table 3). The diameter of pancreatic acini

Fig. 5. Light microscopic appearance of the developing pancreas in grass carp larvae at 10-days post-hatching (10 dph). (a) The pancreas (P) of 10
dph grass carp is located caudal to the liver (L) and gas bladder (GB). Hematoxylin and eosin stain. (b) High magnification of Fig. 5a showing the
pancreas (P) consisting of several pancreatic acini. (c) The pancreas is closely related to the liver (L) and spleen (S). Hematoxylin and eosin stain. (d)
The mesenteric portion of pancreas exhibited a moderately positive reaction to PAS staining. PAS stain. I, intestine; K, kidney.
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significantly increased with larval age (12 ± 1.6 mm at
4 dph; 19 ± 1.75 mm at 10 dph; 29.5 ± 2.7 mm at 20 dph,
P < 0.05 for all). In the same way, the rise in the in-
tensity of zymogen granules was age-dependent
(110 ± 5.0 at 4 dph; 133 ± 8.0 at 10 dph; 182 ± 15 at 20
dph, P < 0.05 for all).

4. Discussion

The pancreas contributes significantly to both
digestion and glucose homeostasis. Grass carp
larvae hatch at an advanced stage as the digestive
tract and its associated glands are formed, but are

Fig. 6. Light microscopic appearance of the developing pancreas in grass carp larvae at 20-days post-hatching (20 dph). (a) The pancreas (P) of 20
dph grass carp is remarkably expanded to fill the spaces between the liver (L) and spleen (S). Hematoxylin and eosin stain. (b) A group of pancreatic
acini encircled a portal vein branch as it enters the liver (V; arrowheads). Hematoxylin and eosin stain. (c) The mesenteric portion of pancreas (P)
increased in size and is disseminated within a mass of adipose tissue (A). Hematoxylin and eosin stain. (d) High magnification of Fig. 6c showing the
exocrine pancreas consisted of pancreatic acini containing visible zymogen granules with eosinophilic staining (arrowheads) and an intrapancreatic
duct (D). (e) Strong positive reaction of zymogen granules (arrowheads) to PAS staining. PAS stain. (f, g) Endocrine cells (arrows) are detected in the
vicinity of an intrapancreatic blood vessel (BV). Hematoxylin and eosin stain. (h) Glucagon immunoreaction (brown color) within grass carp pancreas
is shown within a subset of endocrine cells. DAB immunohistochemistry. A, adipose tissue; BV, blood vessel; I, intestine.
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still not fully functional [17]. The present study
examined progressive changes in the structure of
the developing pancreas at 1, 4, 10, and 20 dph. The
pancreatic anlage appeared as an elongated struc-
ture at the dorsal aspect of the gut caudal to the liver
in 1 dph grass carp larvae. This finding is in line
with those of Morrison et al. [18] in Nile tilapia
(Oreochromis niloticus) and Kumari et al. [19] in In-
dian walking catfish (Clarias magur) in which the
pancreas was formed at the time of hatching.
At 1 dph the gut of the developing larvae is still

closed, as the larvae depend totally on endogenous
feeding from the yolk sac at this stage. The digestive
activity of the teleost's pancreas is usually gained
soon after hatching [10,20]. Posthatching maturation
of exocrine cells usually involves their ability to
secrete and store digestive enzymes into specialized
secretory granules termed zymogen granules in
their cytoplasm [21]. The enzymatic contents of
zymogen granules are released into the lumina of
pancreatic acini as a starting point of their journey
toward the intestinal lumen. In the present study,
the cytoplasm of pancreatic acinar cells of grass carp
appeared remarkably granular at 4 dph, suggesting
the onset of formation of a massive amount of
zymogen granules. The appearance of zymogen
granules is accompanied by marked regression in
the size of the yolk sac and a possible transition of
grass carp from endogenous to exogenous feeding
[22]. In line with our findings, zymogen granules

were seen inside the pancreatic acinar cells at 2 dph
in golden mahseer (Tor putitora) [23], 3 dph in
longfin yellowtail (Seriola rivoliana) [24] and Indian
walking catfish (Clarias magur) [19], and 5 dph in
European catfish (Silurus glanis) [25]. Taken
together, these data point to the first week post-
hatching as a critical time window for acquiring the
digestive activity of the fish pancreas.
The present study revealed an increase in

pancreatic size from 1 to 20 dph. At 20 dph the
pancreas appeared more disseminated in the mes-
entery, and parts of it surrounded the hepatic and
splenic blood vessels. Similar age-related expansion
of the pancreas has been reported in Nile tilapia
(Oreochromis niloticus) [18]. The increase in pancre-
atic size possibly represents an age-related adapta-
tion of the larvae to the progressively increasing
digestive and metabolic demands.
The pancreatic acini of 20 dph grass carp larvae

appeared at the periphery of the liver adjacent to the
intestinal bulb. Many pancreatic acini appeared to
enter the hepatic parenchyma via encircling the
venous tracts entering the liver at various points.
These findings were similar to those reported by
Sousa et al. [26] in guppy fish. Pancreatic acini were
also detected within the intestinal mesentery at 20
dph with several pancreatic cells in-between them.
These findings are correlated with those described
by Morrison et al. [18] in Oreochromis niloticus.
The endocrine pancreatic portion secretes several

hormones that are essential for glucose uptake and
energy production. The endocrine cells of grass carp
pancreas were identified as small, dispersed cells
with round nuclei surrounded by a pale stained
cytoplasm at 20 dph by the present work. Glucagon
expression in these endocrine cells was confirmed
immunohistochemically using specific antibodies. In
agreement with our findings, endocrine cells were
observed at 20 dph in longfin yellowtail (Seriola

Table 2. Summary of the main findings related to the early development of grass carp pancreas.

Larval age Position of pancreas Area of expansion Zymogen granules Endocrine cells

1 dph* Dorsal to the developing gut
and caudal to the liver

Narrow strip of small undif-
ferentiated cells

Not detected; weak reaction
to PAS staining

Not detected

4 dph Along the dorsal aspect of the
gut ventral to the kidney

Narrow strip of differentiated
cells

Detected; moderate reaction
to PAS staining

Not detected

10 dph In close contact to the liver,
spleen, and intestinal coils

Partially filled the available
spaces between nearby
viscera.

Detected; moderate reaction
to PAS staining

Not detected

20 dph Intimately related to the liver,
spleen, and intestine

Almost completely filled the
available spaces between
nearby viscera

Detected; strong reaction
to PAS staining

Detected as small
cellular clusters
among the acini
of the exocrine
pancreas

* dph, day posthatching.

Table 3. Morphometric analysis of the developing grass carp pancreas.

Item Larval age

4 dph* 10 dph 20 dph

Acinar diameter (mm) 12 ± 1.6a 19 ± 1.75b 29.5 ± 2.7c

Zymogen granules intensity 110 ± 5.0a 133 ± 8.0b 182 ± 15.0c

Different superscript letters indicate statistical significance. P less
than 0.05.
* dph, day posthatching.
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rivoliana) [24] and 19 dph in European catfish (Silurus
glanis) [25] using routine histological techniques.
However, Morrison et al. [18] reported the presence
of a single principal islet, positive for insulin,
glucagon, somatostatin, and pancreatic polypeptide,
in the pancreas of Nile tilapia (Oreochromis niloticus)
from the first-day posthatching. The latter study may
suggest species-specific differences in the timing of
the appearance of pancreatic endocrine cells and
define the immunohistochemical technique as more
reliable compared to conventional histological
methods for approximate identification and locali-
zation of each type of endocrine pancreatic cells.

5. Conclusions

The present study revealed several aspects of the
pancreas during early post-hatching development
in grass carp. Further studies are needed to identify
mechanisms governing the proliferation and dif-
ferentiation of each cell type.
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