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Abstract

The fish’s gastrointestinal system is considered the primary site of digestion and absorption of nutrients and has an important
role in fish immunology. For that, the present investigation aimed to highlight the histology, histochemistry, and surface
architecture of the anterior intestine of koi fish. In the current study, the morphological characteristics of the gut were observed
in fifteen Koi fish specimens. The epithelium of the anterior intestine was composed of lymphocytes, goblet cells, enterocytes
(simple columnar epithelium), and enteroendocrine cells. The enterocytes had a large number of large vesicles, which may be
indicative of pinocytotic activity towards certain nutrients. Apart from their positive reaction to toluidine blue, the goblet cells
also showed good reactions to PAS and alcian blue. Collagen and elastic fibers comprised the submucosa and lamina propria. In
conclusion, the length and height of the mucosal folds of the anterior intestine serve as a substitute stomach, temporarily storing

any food consumed.
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Introduction

oi fish is the ornamental type of domesticated carp

E known as Nishikigoi, often known as (Cyprinus
rubrofuscus), is well-known around the world and

a highly valuable member of the Cyprinidae

family [1]. This kind of household is found in nature in
North America, Asia, Europe, and Africa, but not in South
America, Australia, or New Zealand [2]. With the exception
of their scaleless heads, the entire body of koi carp is
covered in enormous, colorful cycloid scales [3].Ion, water,
and nutrient transportation and absorption occur in the fish
gastrointestinal system, which serves as the primary site of
digestion and absorption. Furthermore, the intestinal
mucosal system appears to be a target for several illnesses
in farmed fish and plays a crucial role in fish immunology
[4]. Fish have the ability to quickly and reversibly modify
the features of their gastrointestinal tract (GIT) to
accommodate changes in their functional needs as they
grow [5]. Many fish species' intestines are typically made
up of mucosa, submucosa, muscularis, and serosa [6].
According to the findings of earlier research, age, body

type, weight, and eating habits all have an impact on the
histological structures of fish's intestines [7, 8]. The precise
demarcation of the intestinal segments in fish aids in the
advancement of research on a variety of intestinal activities.
The current study aimed to investigate the histological
structure of the anterior intestine of koi fish (Cyprinus
rubrofuscus).

Materials and Methods

Ethical considerations

The current study was approved by the Veterinary Medical
Research Ethics Committee, Faculty of Veterinary
Medicine, Sohag University, Sohag, Egypt, according to the
OIE standards for use of animals in research with number
Soh.un.vet /00065R

Source of samples
The samples selected in this study were randomly obtained
from 15 adult koi fish (Cyprinus rubrofuscus), that were
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were brought to the laboratory. Their average weight was
about 607.3 + 23.6gram, total length was 37.2 = 0.5 cm,
standard length was 28.7 = 0.5 cm, forked length was 34.2
+ 0.6 cm and GIT length was 39.5 £ 0.9 cm.

Samples preparations

As soon as possible, the front section of the koi fish's
intestine was dissected for histological analysis by a middle
abdominal cavity incision. The thickness of the wall, the
length of the mucosal folds, and the muscularis were used
to divide the intestine of koi fish into three sections:
anterior, middle, and posterior. Following a 1 x 1 x 0.05
cm dissection, every sample was instantly preserved for 22
hours in Bouin's solution. The fixed samples were washed
by alcohol, then were dehydrated in a series of ethanol
(Chem-Labs Supplies), followed by xylene (El Nasr
Pharmaceutical chemicals) clearing and paraffin wax
embedding. For a general histological investigation,
transverse and longitudinal paraffin cuts with a thickness of
5-8 pm were cut using a Richert Leica RM 2125
Microtome, Germany, in the Histology Department,
Faculty of Veterinary Medicine, Sohag University.

Histological and Histochemical analysis

Hematoxylin (Technopharma Pharmacy ‘“Indian”) and
eosin were the staining methods used on paraffin sections
for general structure [9]. In carbohydrate histochemistry,
slices are stained with Alcian blue (SUVCHEM Laboratory
Chemicals) (PH2.5) [10] for acidic mucin detection and
Periodic Acid-Schiff (PAS) [11] for neutral mucins.
Additionally, sections were stained for the distinction of
muscle fibers and connective tissue using Crossmon's
trichrome [12]. Crossmon's trichrome for fibrous collagen
to distinguish smooth muscle cells from connective tissue
and show that fibroblasts are present, utilize the Crossman's
trichrome dye approach [13]. Sections were stained with
bromophenol blue to show the protein contents [14]. To
show the intestinal enteroendocrine cells and rodlet cells,
sections were treated with silver nitrate stain [15]. Stained
sections were examined using an OPTIKA B-293
microscope (OPTICA S.r.l., Ponteranica (BG), Italy), and
digital images were acquired by OPTICA C-B10 camera
and OPTICA PRO view software, in the histology
department,
University.

Faculty of Veterinary Medicine, Sohag

Results

Histological analysis

Light microscopic analysis indicates that the tunica mucosa,
tunica submucosa, tunica muscularis, and tunica serosa
comprise the koi fish's anterior gut wall Figure 1.A. The
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tunica mucosa had a mean thickness of 3109.8 = 53.9 pm.
The average mucosal fold width measured was 261.1 +17.1
pm. It was made up of enterocytes, which are the basic
columnar epithelium, and had numerous isolated goblet
cells. Goblet cells were oval in shape, slightly deeper in
location, and connected to the surface by a neck and
microscopic aperture Figure 1.B. Thick inner circular and
thin outside longitudinal smooth muscle fibers made up the
tunica muscularis, which was followed by the thin tunica
serosa Figure 1.A.

Histochemical analysis

Numerous goblet cells formed a continuous sheet and
responded strongly and positively to both Alcian blue
Figure 1.C and PAS Figure 1.D. Between the columnar
cells were spindle-shaped enteroendocrine cells that
responded positively to Grimelius stain. The majority of
these cells extended to what may be an open-type lumen
Figure 2.A. Telocytes and rodlet cells in the lamina propria
and submucosa can be seen with the use of bromophenol
blue Figure 2.B.

Discussion

Herbivorous animals had high relative gut length (RGL
)values, omnivorous species had intermediate values, while
carnivorous species had low values, according to Albrecht
MP et al. [16]. Conveniently, our study revealed koi fish
with a relatively high RGL. The lengthy, wavy mucosal
folds were the most significant characteristics of the koi fish
anterior intestine in the current study. Because of the
lumen's large diameter, food may be able to be stored for
longer periods of time to finish the process of digestion and
absorption [17]. The type of food consumed affects how
many mucosal folds an individual has [18, 19]. Our findings
showed that the anterior intestine of koi fish has a high
height of mucosal folds. These findings are consistent with
those found by Unal and Mokhtar [20, 21] in Cyprinidae
and may lead to an increase in the retention time of food
and, consequently, an increase in the digestion of
substances by pancreatic juices and muco-substances of
goblet cells. Koi fish has neutral muco-substances and a
large number of microvilli on their enterocyte surfaces,
which may be connected to the absorptive function. The
absorptive function of the surface epithelium is suggested
by the increases in epithelium height. Fatty acid absorption
occurs in the enterocytes of the koi fish's anterior section of
the gut [22]. According to the current study, the anterior
intestine contained oval-shaped enteroendocrine cells that
stained positively for Grimelius; the majority of these cells
entered the lumen.
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Figure 1: Histological structure of the anterior intestine of koi fish: A. Figure showing the wall of the anterior intestine consisted of
folded mucosa which consisted of mucosal folds (MF) and lamina-propria filled the core of MFs, submucosa (SM), muscularis(M),
and serosa (S). B. Figure showing paraffine section of epithelial cells (ep) of anterior intestine and submucosa layer (SM) stained
with HX & E. C. Figure showing the positive reaction of goblet cell (GC) to alcian blue stain with different sizes and shapes. D.
Figure showing the positive reaction of goblet cell (GC) to PAS stain.
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Figure 2: Histochemical analysis of anterior intestine: A. Paraffin_sections stained by Grimelius silver stain showing positive reaction
of open type enteroendocrine cell (EEC). Note the positive reaction of rodlet cell with its thick capsule (RC) and telocyte with
spindle-shaped body (TC). B. Paraffin section stained with bromophenol blue showing positive reaction of rodlet cell (RC) and

telocyte (TC) and negative reaction of goblet cell (GC).
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A previous study showed that the elongated gut of koi fish
contained endocrine cells that were responsible for the
production of gastrin, gastric inhibitory peptide, glucagon,
pancreatic polypeptide, substance P, VIP, and secretin [23,
24]. They also mentioned that the majority of the cells were
open type, suggesting that the contents of the gut may
operate on the apical portion of the cell to either stimulate
or prevent the release of peptides from the basal section of
the cell.

Conclusion
The current study concluded by describing the physical
characteristics of the koi fish's anterior intestine and

showing that it had a large luminal width as well as a large
number and height of mucosal folds. Enterocytes covered
in microvilli, intercalated with wandering lymphocytes,
goblet cells, and enteroendocrine cells lined the anterior

gut.
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