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Abstract. To evaluate the impact of dietary vitamin E 
supplementation on growth performance, the intestinal 
structure and function of channel catfish (Ictalurus punctatus, 
Rafinesque 1818) was investigated. A total of 900 healthy 
channel catfish (weight, 5.20±0.15 g) were divided into four 
groups, which received experimental diets with different 
vitamin E content (0, 50, 100 or 1,000 mg/kg). At the end of the 
feeding trial (after 15 weeks), the growth and gut performance 
of the animals was determined. The digestive enzyme activity 
in hepatopancreas and gut was also detected. In addition, the 
height of intestinal fold, the thickness of the mucous membrane 
and the number of somatostatin-positive cells was examined 
by histological analysis. Dietary vitamin E supplementation 
at 50 and 100 mg/kg significantly improved the growth and 
gut performance, which also increased the activity of several 
digestive enzymes compared to that in animals without 
vitamin E supplementation (P<0.05). In addition, vitamin E 
supplementation also significantly increased the height of 
intestinal fold and the thickness of the mucous membrane 
(P<0.05). Fish with dietary vitamin E supplementation at 
appropriate doses also had more somatostatin-positive cells 
in than those without vitamin E supplementation (P<0.05). 
In conclusion, dietary vitamin E supplementation at 50 
and 100 mg/kg was shown to improve the growth performance 
as well as intestinal structure and function of channel catfish.

Introduction

Vitamin E is a generic term for all naturally occurring 
tocopherols and tocotrienol as well as their derivatives (1). 
This fat-soluble vitamin was discovered and named by Evans 
in the 1920s (2,3). Since its hydroxyl moiety on carbon 6 can 
be easily oxidized, vitamin E has a strong reducibility, which 
protects important substances from oxidation in vivo and has 
an important role in the maintenance of normal metabolic 
processes and physiological function in the body (4). Vitamin E 
is required to protect the cell membrane from peroxide damage, 
maintain immunity and enhance resistance to disease, whilst it 
is tightly associated with embryonic development, nucleic acid 
metabolism, ascorbic acid biosynthesis as well as maintenance 
of tissue quality (5-9). Vitamin E has become one of the most 
important vitamins in aquatic animal breeding. A large number 
of studies have reported that vitamin E deficiency impairs 
aquatic animal performance, including a reduced weight gain, 
protein efficiency ratio as well as feed coefficient (10-15).

The channel catfish (Ictalurus punctatus, Rafinesque 1818) 
is well known for its meat that is tasty and high in amino acids. 
It is naturally distributed within the USA and Canada and has 
been widely introduced to other countries worldwide due to its 
value (16). This fish has become one of the most economically 
important fish in China. Channel catfish require relatively high 
levels of vitamin E and its deficiency significantly inhibits fish 
growth (17). The intestine is a major organ for energy and 
nutrition absorption to maintain survival, growth and repro-
duction of fish. Although several studies have investigated the 
effects of vitamin E on weight gain, tissue ascorbate concen-
tration as well as stress responses (18-20), few studies have 
investigated the effects of vitamin E on the intestinal structure 
and function.

The first purpose of the present study was to investigate the 
effect of vitamin E supplementation on growth performance and 
to determine the optimum dietary vitamin E supplementation 
level for channel catfish. The second purpose of the study 
was to explore the effects of vitamin E supplementation on 
the intestinal structure and function of channel catfish. In 
addition, the present study assessed the effects of vitamin E 
supplementation on the expression of somatostatin, which is 
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distributed in the gastrointestinal tract and acts as a hormone as 
well as a neurotransmitter to regulate a variety of physiological 
processes, such as the body's growth, development and 
metabolism (21-23). The present study provided a scientific 
reference for the breeding of channel catfish.

Materials and methods

Experimental diets. All experimental protocols were 
approved by the University of Sichuan Agricultural Animal 
Care Advisory Committee (Ya'an, China). The experimental 
diets were varied with regard to the level of vitamin E. The 
basal diet (Table I) was formulated according to the Nutrient 
Requirements of Fish from the NRC National Research 
Council (24) and was supplemented with 0, 50, 100 or 
1,000 mg/kg Dl-all-rac-α‑tocopherol acetate (Sanyou Institute 
of Special Additives, Chengdu, China). A study utilizing the 
dose of 1,000 mg/kg has been described previously (25). For 
diet preparation, the ingredients were ground into fine powder 
and screened through a mesh (0.38 mm). All ingredients were 
then thoroughly mixed and made into a 4 mm-diameter soft 
pellet diet using a pellet feed mill. After natural air drying 
in the dark, the pellets were preserved in a freezer at ‑20˚C. 
In addition, to assess the proximate composition of the diets, 
crude protein, crude fat and energy were determined using a 
Kjeldahl apparatus (nitrogen x6.25; Xi'an HEB Biotechnology 
Co., Ltd., Xi'an, China), extraction with petroleum ether by 
a Soxhlet apparatus (Xi'an HEB Biotechnology Co., Ltd.) 
followed by ash incineration at 600˚C for 3 h and bomb calo-
rimetry, respectively. The composition of the catfish's diet is 
shown in Table I.

Experimental animals. A total of 900 healthy channel catfish 
(Ictalurus punctatus, Rafinesque 1818; weight, 5.20±0.15 g; 
age, 2 years old) were purchased from a fish farm (Sichuan 
Fisheries Science and Technology Development Co., Ltd., 
Xinjin, China), where they were originally hatched and reared. 
They were randomly divided into four groups (225 fish per 
group) according to the vitamin E content in the experimental 
diet. For each group, fish were equally divided among three 
circular tanks with a volume of 20 l (total number of tanks, 12), 
leading to a density of 75 fish per tank.

Prior to starting the feeding trial, fish were acclimatized 
for two weeks on a basal diet that was not supplemented with 
vitamin E and then fed one of the four experimental diets by 
hand three times daily (07:30, 13:30 and 19:30 h) to approxi-
mate satiation for 15 weeks based on percentage body weight. 
Feed consumption was monitored at each feeding. The feeding 
rate was adjusted once or twice a week based on the feeding 
activity of fish. The tanks were configured as a flow‑through 
culture system and the incoming water was filtered with aera-
tion. The average water temperature was 21±2˚C with a pH of 
6.8-7.5, and the amount of dissolved oxygen was 8-10 mg/l. 
Fish were reared in a 12 h light/dark cycle.

Growth performance. All of the fish in each tank were counted 
and weighed to monitor growth rates at the end of the feeding 
trial. The parameters indicating the growth performance of 
catfish in each group, including average weight gain, average 
daily growth, feed coefficient and protein efficiency ratio, 

were calculated following standard protocols. The formulas 
were as follows: i) Average weight gain (g/fish) = average final 
weight (g) ‑ average initial weight (g); ii) Average daily growth 
(g/fish/day) = average weight gain (g/fish)/duration of experi-
ment (days); iii) Protein efficiency ratio = wet weight gain 
(g)/protein intake (g); iv) Feed coefficient (%) = dry feed fed 
(g)/wet weight gain (g); and v) Survival (%) = (final number of 
fish/initial number of fish) x 100%.

Analysis of digestive enzyme in hepatopancreas and gut. 
After recording of body measurements, 45 fish were collected 
from each group. The hepatopancreas and gut of fish were 
removed, frozen in liquid nitrogen and then preserved at 
‑80˚C for further analysis. For digestive enzyme analyses, 
tissue samples were homogenized in ice-cold physiological 
saline and the supernatant was retained after centrifugation at 
3,200 x g for 20 min. The activities of lipase were evaluated 
using phenolphthalein indicator and the activities of protease 
were determined by the Folin‑phenol reagent method. In 
addition, the alkaline phosphatase (AKP) assay kit (Nanjing 
Jiancheng, Nanjing, Jiangsu, China) were used to evaluate the 
AKP activities, and Na+/K+-ATPase activities were assessed 
using a Na+/K+‑ATPase assay kit (Nanjing Jiancheng, Nanjing, 
China).

Table I. Composition of the basal diet of the catfish. 

Ingredients and proximate composition Amount

Ingredients (g/kg dry weight)
  Gelatin 6.9
  Fish meal 12.4
  Rice protein concentrate 19.5
  Soybean meal 23.68
  α-Starch 32.77
  CaH2O4 0.8
  Chlorocholine 0.4
  Ethoxyquin 0.05
  Vitamin mixture (vitamin E‑free)a 0.1
  Mineral mixtureb  1
  Soybean oil 1
  Fish oil 1.4
Proximate composition (%)
  Crude protein 37.47
  Crude fat 5.24
  Ash 12.18
  Available phosphorus 0.45
  Vitamin E (mg/kg) 2.09
  Gross energy (MJ/kg)c 17.38

aVitamin premix (IU/kg): Va, 4,400; Vd3, 2,200; Vk, 44; VB1, 11; 
VB2, 13.2; VB6, 11; VB12, 0.01; VH, 0.5; pantothenate, 35.2; VPP, 88; 
pteroyltriglutamic acid, 22; becholine, 275; Vc, 40. bMineral premix 
(IU/kg): FeSO4xH2O, 400; ZnSO4xH2O, 350; CuSO4x5H2O, 450; 
MnSO4xH2O, 420; KI, 460; Na2SeO4, 520; KCl, 550; NaCl, 650. 
cGross energy = protein (23.9 kJ/g) + lipid (39.8 kJ/g) + carbohydrate 
(17.6 kJ/g). V, vitamin.
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Gut performance. Another 45 fish collected from each group 
at the end of the feeding trial were dissected and the guts 
were removed. The gut weight and length of the fish from 
each group was recorded. Moreover, the gut weight index 
and gut length index were calculated as follows: i) Gut weight 
index (%) = [average gut weight (g)/average final body weight 
(g)] x 100%; and ii) Gut length index (%) = [average gut length 
(cm)/average final body length (cm)] x 100%.

Histological analysis. After recording of body measure-
ments, another 20 fish were collected from each group and 
0.5 cm of each segment of intestine was sampled on a chilled 
cutting board according to a previous description (26). 
Samples were fixed in Bouin solution for 12 h, embedded 
in paraffin (Sigma‑Aldrich, Merck KGaA, Darmstadt, 
Germany) and cut into 5-µm sections using a Leica RM2128 
microtome (Leica Microsystems, Wetzlar, Germany). A 
proportion of the sections from each segment of the intestine 
was stained with hematoxylin and eosin (H&E) and observed 
under an Olympus BH‑2 microscope (Olympus, Tokyo, 
Japan). The height of intestinal folds and the thickness of 
the mucous membrane were evaluated by analyzing more 
than ten different views of each sample of intestine segment 
using Spot software (Version 4.0.6; Diagnostic Instruments, 
Sterling Heights, MI, USA).

The other part of the tissue sections was used for immu-
nohistochemical analysis for detecting the distribution and 
expression of somatostatin. After washing with PBS three 
times, sections were rehydrated and incubated in 3% H2O2 
for 10 min. Subsequently, sections were incubated with 
rabbit anti‑somatostatin primary antibody (BA0124; Wuhan 
Boster Biological Technology, Ltd, Wuhan, Hubei, China) 
at a dilution of 1:100 at 4˚C for 17 h, followed by incuba-
tion with the biotin-conjugated goat anti-rabbit secondary 
antibody (BA1003; Wuhan Boster Biological Technology, 
Ltd, Wuhan, Hubei, China). Finally, sections were stained 
using a Streptavidin‑Biotin Peroxidase Complex kit (Wuhan 
Boster Biological Technology, Ltd, Wuhan, Hubei, China) 
and visualized using diaminobenzidine as a chromogen. 
Sections incubated with PBS instead of primary antibody 

were considered as a negative control. The slices were 
observed and images were captured using a digital camera 
(Moticam 2500, Motic, Hong Kong, China) attached to a 
Nikon microscope (Nikon Eclipse 50i, Nikon, Tokyo, Japan). 
The expression of somatostatin among groups was evaluated 
by determining the number of somatostatin-positive cells. 
Ten different views per section of each segment of intestine 
(three sections for each segment intestine from each group) 
were obtained to analyze the expression and distribution of 
somatostatin.

Statistical analysis. Values are expressed as the mean ± stan-
dard deviation. Significant differences among groups were 
determined by one-way analysis of variance followed 
by Duncan's method. P<0.05 was considered to indicate 
a statistically significant difference between groups. 
All statistical analyses were performed with SPSS 19.0 
software (International Business Machines, Inc., Armonk, 
NY, USA).

Results

Effect of vitamin E supplementation on the growth perfor-
mance of channel catfish. Average weight gain, protein 
efficiency ratio, feed coefficient as well as survival were 
calculated and presented in Table II. Dietary supplementa-
tion with vitamin E affected catfish survival and fish with 
vitamin E supplementation at different concentrations showed 
a higher survival rate than those without. In addition, the fish 
receiving diets supplemented with vitamin E had significantly 
higher growth parameters, including average weight gain, 
average daily growth as well as protein efficiency ratio than 
those fed with the basal diet (P<0.05) and the highest values 
occurred in fish receiving a diet supplemented with vitamin E 
at 100 mg/kg. The feed coefficient is used to evaluate the feed 
quality with a lower the feed coefficient indicating a higher 
feed quality. As shown in Table II, dietary supplementation 
with 50 and 100 mg/kg vitamin E had an obviously lower feed 
coefficient than that with 1,000 mg/kg vitamin E or without 
vitamin E (P<0.05).

Table II. Effects of dietary supplementation of vitamin E on growth performance of channel catfish (Ictalurus punctatus, 
Rafinesque 1818).

 Vitamin E supplementation (mg/kg)
 --------------------------------------------------------------------------------------------------------------------------------------------------------------
Variable 0 50 100 1,000

Initial weight (g) 5.21±0.08 5.22±0.09 5.20±0.06 5.19±0.11
Final weight (g) 62.93±2.36 76.10±1.43a 77.20±2.38a 73.93±0.37a

Average weight gain (g/fish) 57.73±2.55 70.41±2.93a 72.00±2.74a 69.75±0.64a

Average daily growth (g/fish/day) 2.61±0.03 2.96±0.06a,b 2.99±0.50a,b 2.85±0.02a

Protein efficiency ratio 1.39±0.08 1.63±0.03a 1.63±0.06a 1.53±0.02a

Feed coefficient (%) 2.06±0.12 1.75±0.03a,b 1.74±0.06a,b 1.95±0.02
Survival (%) 70.56±4.19 97.22±2.55 97.78±0.96 96.34±3.85

Values are expressed as the mean ± standard deviation. aP<0.05, compared to the group receiving 0 mg/kg vitamin E; bP<0.05, compared to the 
group receiving 1,000 mg/kg vitamin E.
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Effects of vitamin E supplementation on digestive enzyme 
activity in channel catfish. Digestive enzyme activity in the 
hepatopancreas and each gut segment of fish supplemented 
with different concentrations of vitamin E was shown in 
Fig. 1. In the hepatopancreas and all segments of the fish gut 
for 50 and 100 mg/kg vitamin E groups, protease activity was 
significantly increased compared to that without vitamin E 
supplementation (P<0.05) and that in 1,000 mg/kg group 
(P<0.05). However, there was no significant difference in 
the 1,000 mg/kg group compared with that of the 0 mg/kg 
group. Similarly, in the hepatopancreas and all segments of 
the fish gut for 50 and 100 mg/kg groups, lipase activity was 
significantly increased compared to that without vitamin E 
supplementation (P<0.05) and that in 1,000 mg/kg group 
(P<0.05). Additionally, there was no significant difference in 
the hepatopancreas, foregut and hindgut of fish in 1,000 mg/kg 
group compared with the 0 mg/kg group, except in the mid-gut 
(P<0.05). AKP activity was significantly increased in the 
hepatopancreas, foregut and mid-gut of fish in 50, 100 
and 1,000 mg/kg groups compared to that without vitamin 
E supplementation (P<0.05). Na+/K+-ATPase activity was 
significantly increased in the hepatopancreas, foregut and 
hindgut of fish in 50, 100 and 1,000 mg/kg groups compared 

to that without vitamin E supplementation (P<0.05). However, 
there was no significant difference in the mid‑gut of fish in 
50, 100 and 1,000 mg/kg groups compared with the 0 mg/kg 
group (P>0.05). In addition, the concentration of supplemented 
vitamin E influenced the digestive enzymes activity, since fish 
supplemented with vitamin E at 50 and 100 mg/kg showed 
obviously higher activities of protease, lipase and AKP 
than that without vitamin E (P<0.05). Although the fish in 
1,000 mg/kg group also exhibited increased activities, the 
values were lower than those in the 50 and 100 mg/kg groups.

Effects of vitamin E supplementation on gut performance of 
channel catfish. The results of gut weight, gut weight index, 
gut length as well as gut length index of fish supplemented 
with different concentrations of vitamin E are shown in 
Table III. Fish fed diets supplemented with vitamin E had a 
greater gut length and gut weight compared to those without 
(P<0.05). The gut weight index and gut length index of fish 
with vitamin E supplementation were also markedly higher 
than those of fish without vitamin E supplementation (P<0.05).

Effects of vitamin E supplementation on the height of intes-
tinal folds and the thickness of the mucous membrane. The 

Figure 1. Digestive activity in the hepatopancreas and each segment of the gut of fish fed a diet supplemented with vitamin E: (A) Protease activity, (B) lipase 
activity, (C) alkaline phosphatase activity and (D) Na+/K+‑ATPase activity. Values are expressed as the mean ± standard deviation. *P<0.05, compared to the 
group receiving 0 mg/kg; #P<0.05 compared to the group receiving 1,000 mg/kg.



EXPERIMENTAL AND THERAPEUTIC MEDICINE  14:  5703-5710,  2017 5707

intestinal fold height and of mucous membrane thickness were 
observed under a microscope after H&E staining and the 
statistical results are shown in Figs. 2 and 3. The intestinal 
folds in fish fed a diet without vitamin E showed an irregular 
morphology and they were small, thin and loosely arranged 
throughout, while they were much larger and more tightly 
arranged in fish fed a diet supplemented with vitamin E. 
Statistical analysis indicated that fished fed diets containing 
vitamin E had significantly larger intestinal fold height as well 
as a thicker mucous membrane (P<0.05).

Effects of vitamin E supplementation on the distribution 
and expression of somatostatin. Somatostatin-positive cells 
were observed in the foregut, mid-gut as well as hindgut. 
The distribution of somatostatin-positive cells in the foregut 
of fish fed a diet supplemented with different amounts of 
vitamin E is shown in Fig. 4A-D. Somatostatin-positive cells 
(brown‑yellow granules) with various cellular morphologies 
were mainly located at the bottom of the intestinal epithelial 
cell layer and some of them were found between cells of the 
mucous epithelium. The distribution of somatostatin-positive 
cells among the groups in the mid- and hindgut was similar to 
that in the foregut (data not shown). In addition, the expression 
of somatostatin was evaluated by quantifying the number of 
somatostatin-positive cells in ten different views per section and 

the results for each segment of the intestine are shown in Fig. 4E. 
The number of somatostatin‑positive cells was significantly 
higher in the foregut of fish with vitamin E supplementation 
at different concentrations compared with that in the foregut 
of fish without supplementation (P<0.05). Moreover, dietary 
supplementation of vitamin E at 100 and 50 mg/kg resulted in 
an obviously larger number of somatostatin-positive cells in the 
foregut and mid‑gut of fish than that at 1,000 mg/kg (P<0.05).

Discussion

The present study was performed based on a dose response 
design. The results indicated that the weight gain, survival 
rate and protein efficiency ratio of fish increased with dietary 
vitamin E supplementation at increasing doses of up to 
100 mg/kg, after which a further increase did not achieve any 
improvements or had a less pronounced effect. This trend was 
similar to that previously described in other animals (27). 
These results suggested that dietary supplementation with 
vitamin E is beneficial for the growth of catfish. A large 
body of evidence has indicated that vitamin E at a certain 
dose range promoted the growth of aquatic animals (28). 
Vitamin E deficiency induces excessive production of toxic 
lipid peroxides, leading to a decrease of weight gain and feed 
efficiency in animals. The addition of vitamin E to their diet 

Figure 2. (A) Intestinal fold height and (B) mucous membrane thickness in each segment of gut of fish fed a diet supplemented with vitamin E. Values are 
expressed as the mean ± standard deviation. *P<0.05 compared to the group receiving 0 mg/kg.

Table III. Effects of dietary supplementation of vitamin E on gut performance of channel catfish (Ictalurus punctatus, Rafinesque 
1818).

 Vitamin E supplementation (mg/kg)
 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Variable 0  50  100  1,000 

Gut weight (g) 0.62±0.03 0.96±0.02a 0.97±0.03a 0.88±0.05a

Gut weight index (%) 0.91±0.20  1.36±0.15a 1.39±0.17a 1.24±0.14a

Gut length (cm) 15.38±0.52 20.03±0.45a 20.49±0.64a 19.85±0.72a

Gut length index (%) 82.10±4.58 97.73±2.47a 98.99±3.92a 93.85±4.88a

Values are expressed as the mean ± standard deviation. aP<0.05, compared to the group receiving 0 mg/kg vitamin E.
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prevents variable unsaturated fatty acids in diets and tissues 
of aquatic animals from oxidative rancidity and maintains a 
normal metabolism, thus increasing the survival rate, weight 
gain as well as feed efficiency of animals (29). In addition, 
dietary vitamin E supplementation decreased the feed 
coefficient in the present study, which has been an important 
and visual index to evaluate the feed quality. As previously 
described, adding an appropriate dose of vitamin E reduced 
the feed coefficient and increased the feed quality and feed 
efficiency (13,14), and the results of the present study were 
consistent with this.

It is well accepted that the intestine has an important role 
as the site of nutrient digestion and absorption, and digestive 
function correlates with the development of the intestinal tract. 
In the present study, intestine weight and length, which reflect 
the development of the intestine, were significantly increased 
in response to high dietary vitamin E. In addition, differences 
in gut length and weight among fish species appear to be asso-
ciated with their feeding habits as described previously (30). 
In the present study, dietary vitamin E at a certain dose range 
promoted gut development. Aquatic animals have a relatively 
simple mucosal structure. Instead of the intestinal villus as in 
terrestrial animals, the intestinal fold directly reflects the diges-
tive and absorptive ability of fish (31,32). Intestinal fold height 
has been considered as an indicator of the absorptive ability 
of aquatic animals. Moreover, the thickness of the mucous 
membrane correlates to the functional area of the intestine, 
directly influencing the absorption and transportation of 
nutrition. According to the results of the present study, dietary 
vitamin E at a certain dose range significantly increased the 
intestinal height and the thickness of the mucous membrane, 
thus improving the intestine function in catfish.

The ability of digestion is associated with the activity of 
digestive enzymes, which are affected by dietary intake (33,34). 
In the present study, dietary vitamin E at a certain dose range 
increased the activities of protease and lipase. Intestinal AKP 
is a marker enzyme in the intestinal mucosa, which reflects 
epithelial cell proliferation and absorbency ability of the 
intestine (35). In addition, this enzyme also correlates with 

the degree of differentiation of enterocytes and its content 
reflects their maturation status (36). In the present study, the 
activity of AKP was observed only in the foregut and mid-gut 
and was significantly higher in fish with vitamin E dietary 
supplementation (at a certain range dose) than in those without. 
In addition, the absorption of certain nutrients, including amino 
acids and glucose, was associated with the absorption of Na+ 
by Na+/K+-ATPase. The activity of Na+/K+-ATPase indirectly 
reflects the cell energy metabolism and function of the gut (37). 
As shown in the present study, vitamin E dietary supplementation 
at a certain dose range also increased the activity of this 
enzyme. Considering all of the above results, it is concluded 
that vitamin E dietary supplementation at a certain dose range 
significantly improved intestinal function. Furthermore, vitamin 
E had a stimulatory effect on digestion enzyme activity in the 
hepatopancreas of catfish. As previously reported, enzyme 
secretion is closely associated with the development of the 
hepatopancreas (38). Dietary supplementation of vitamin E also 
promoted the development of the hepatopancreas.

Somatostatin is a typical brain-gut peptide of dual distribu-
tion (21,39). Somatostatin protects epithelial cells in the digestive 

Figure 4. Distribution of somatostatin‑positive cells in the foregut of 
fish fed a diet supplemented with vitamin E at (A) 0, (B) 50, (C) 100 and 
(D) 1,000 mg/kg was assessed by immunohistochemistry (original magni-
fication, x100). Arrows indicate somatostatin‑positive cells. (E) The amount 
of somatostatin-positive cells in each gut segment in each group. Cells were 
quantified in ten fields of view for each specimen. Values are expressed as 
the mean ± standard deviation. *P<0.05, compared to the group receiving 
0 mg/kg; #P<0.05, compared to the group receiving 1,000 mg/kg.

Figure 3. Morphology of intestinal folds in the foregut of fish fed a diet 
supplemented with vitamin E at (A) 0, (B) 50, (C) 100 and (D) 1,000 mg/kg 
assessed by hematoxylin and eosin staining (original magnification, x100).
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tract from damage and necrosis caused by a variety of harmful 
substances (40). The distribution of somatostatin-positive cells 
in the gastrointestinal tract varied in different fish. For instance, 
in Korean aucha perch (Coreoperca herzi), Monopterus albus 
and Perca fluriatilis, somatostatin-expressing cells were only 
found in the stomach (41,42). In Tilapia nilotca, oriental sheat-
fish (Silurus asotus) and mandarin fish (Siniperca chuatsi), 
somatostatin-expressing cells were found in the stomach and 
intestines (42). In the present study, somatostatin-expressing 
cells existed only in the intestines of channel catfish rather 
than in the stomach. However, channel catfish have more than 
two genes encoding different forms of somatostatin (43,44). 
Different endogenous somatostatin isoforms are already 
known to function differently not only between tissues but 
also within the same target cell/tissue in the same teleost 
species (45,46). Accordingly, further investigation of the distri-
bution of somatostatin isoforms should also be performed. 
Due to the important role of somatostatin in the digestive 
tract, the expression of this protein may be regarded as another 
index to express the effects of vitamin E on gut function in 
channel catfish. According to the results of the present study, 
dietary supplementation of vitamin E at a certain dose range 
significantly increased the expression of somatostatin.

In conclusion, dietary vitamin E supplementation at doses 
within a certain range promote the growth of channel catfish 
and improve their intestinal structure and function. The 
optimal dietary vitamin E supplementation should be limited 
to the range of 50‑100 mg/kg. Due to the feasibility and effi-
cacy of oral vitamin E supplementation for channel catfish, the 
present study provided an experimental foundation for the use 
of vitamin E for breeding of channel catfish in the aquaculture 
industry.
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