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Abstract

The present investigation was conducted to assess the effect of different dietary protein percentages and
starvation on the health, behavior, blood chemistry, immune response and histoarchitectures of fan tail gold fish
Carassius auratus L. Experiment was carried out using 80 Carassius auratus with an average body weight 18 ± 2 g
which were divided into four groups in duplicate in which, group 1 feed with diet A; 28% Crude Protein (CP). Fish in
group 2 was fed on diet B (17% CP) and fish in group 3 was feed on diet C (45% CP) and group 4 kept as fasted
group. The experimental period was 8 weeks. The current study clarified that significant high growth rate, improved
welfare; decrease aggressive behavior, improved biochemical serum parameters and immune response were
observed in group feed with diet containing 45% crude protein. Starvation is directly affected health, immunity and
welfare as well as histoarchitectures of all selected organs. Histologically, there is no any significant changes on the
histoarchitectures of the all selected organs; liver, spleen, intestine, head kidney as well as muscle of groups 1, 2
and 3 feed with diet A (28% CP), diet B (17% CP) and diet C (45% CP) respectively. Meanwhile, the fasting of group
4 had the most effective changes on the histoarchitectures of all selected organs.

Keywords: Dietary protein; Starvation; Health behavior;
Histoarchitectures; Fantail goldfish; Carassius auratus L

Introduction
Ornamental fish have growing importance at the present time.

Cichlids, which are considered the most popular ornamental fish,
constitute approximately 95% of all 4000 species and varieties [1].

There are different factors that affect ornamental fish welfare,
including for example the physical and chemical environment, feeding,
social interaction and the occurrence of fish pathogens [2]. Nutrients
have an important role in keeping the health condition, normal
behavior and in improvement the external appearance and color of
ornamental fish [3]. Protein is considered the biggest part of the cost of
the unit of feed, while fat and carbohydrates are important to supply
the energy required by fish [3].

The changes in the metabolic and immunological profiles are one of
the tools that evaluate the fish performance and its ability to withstand
the different dietary conditions [4-6].

Histological analysis of the digestive system is considered a good
indicator of the nutritional status of fish [7-9]. The intestine and liver
are the most important organs in digestion and absorption of nutrients
from food, and therefore monitoring of these organs is considered
necessary [10].

Starvation is one of the important causative of fish mortality in
nature and in aquaculture [11]. Long-term starvation can cause severe
deformity in vital organs [12] and even mortality of fish. Starvation

also exhibits a widespread histological degeneration in the
haemopoietic organs of fish which can bring about alterations in their
cellular architecture. Haemopoietic organs (liver, head kidney and
spleen) have been reported to be the most sensitive tissues to be
affected by starvation [13]. Structural alterations/degeneration of
haemopoietic organs impairs its functional capacity (haemopoiesis)
which may prove even fatal for the survival of fish. Thus
histopathological alterations in haemopoietic organs can be utilized as
tools in order to get a clear idea about the extent an organism is
affected at tissue or cellular level [14].

The aim of our work is to investigate the effect of different dietary
protein levels and starvation on fish growth performance, health,
behavior as well as histoarchitectures of liver, spleen, intestines, head
kidney and muscle of fantail goldfish (Carassius auratus).

Material and Methods

Fish and aquaria
A total number of 80 fantail goldfish (Carassius auratus L.) with an

average body weight 18 ± 2 g were collected alive from Zagazig fish
market at Sharkia province and transported alive immediately to the
laboratory in large plastic bag. Fish were kept in experimental aquaria
with 60 liter capacity and kept for 10 days acclimatization period
before the beginning of the experiment. Water in the aquaria was
aerated permanently and the temperature was regulated by using
thermostatically controlled heaters. Water was completely changed
four times weekly.
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Fish diets and feeding
Diets with different protein levels were prepared in fish research

unit, Faculty of Veterinary Medicine, Zagazige University, Egypt. The
chemical analysis of feed stuffs used in the experimental diets is shown
in Table 1. The diets included different crude protein levels as
following: Diet (A) in which, contains 28% crude protein; diet B,
containing 17% crude protein, diet C, containing 45% crude protein
and group D acts as a fasting group. The fish in groups A, B, C were fed
diets 2 times daily (09:00 AM and 03:00 PM) at rate of 3% of body
weight for 8 weeks. Periodical evaluation of growth was done each 15
days. The chemical composition of the experimental diets are shown in
Table 2. The growth Performance Parameters carried out by evaluation
of average body weight which calculated by dividing the total weight of
fish by the number of fish in each group. Body gain, body gain percent,
specific growth rate % and daily gain rate were determined according
to Pouomonge and Ombredane [15].

Ingredient Nutrient (% as fed basis)

DM CP EE CF Ash NFE(calculated)

Yellow corn 88.80 8.75 3.60 2.10 1.20 73.15

Wheat flour 89.00 12.80 2.50 1.60 1.60 70.50

Soybean meal 90.00 43.70 1.80 6.10 6.50 31.90

Fish meal 94.60 63.40 8.70 0.7 20.50 1.30

Poultry by-product

meal
92.60 60.30 12.70 2.10 14.70 2.80

Table 1: Chemical analysis of feed stuffs used in the experimental diets.
(DM= Dry matter, CP=Crude protein, EE=Ether extract, CF=Crude
fiber and NFE (calculated)=Nitrogen free extract). DM, CP, EE and
Ash were chemically analysed according to procedures of AOAC
(2000).*Calculated according to tables of NRC (1993).

Ingredients Experimental diets

CP % in diets

A B C

Yellow corn 39.00 50.00 14.00

Wheat flour 12.00 23.00 6.00

Soybean meal 16.00 7.00 22.00

Fish meal 13.00 6.00 27.00

Poultry by-product meal 13.00 5.00 27.00

Vegetable oil 5.50 7.50 2.50

Vitamins and Minerals mixture* 1.50 1.50 1.50

DM, % 84.14 81.57 88.19

CP, % 28.02 17.20 45.01

EE, % 10.04 10.89 9.16

CF, % 2.38 2.02 2.50

Ash, % 6.30 3.40 11.25

NFE, % 42.63 55.24 22.60

DE, Kcal/ kg diet** 2919.40 2915.49 2944.55

Table 2: Chemical composition of the experimental diets. *Vitamin and
Mineral mixture (alfakema):- Each 1 kg contains:-Vit. A 580000 I.U,
vit.D3 8600 I.U, vit.E. 720 mg, vit. K3 142 mg, vit C 0.1 mg, vit B1 58
mg, vit B2 34 mg, vit. B6 34 mg , vit.B12 58 mg , Folic acid 86 mg,
Pantothenic acid 8 mg , Manganese sulfate 65 mg , Zinc methionine
3000 mg , Iron sulfate 2000 mg , Copper sulfate 3400 mg , Cobalt
sulfate 572 mg , Sodium selenite 25 mg, Calcium iodide 25 mg,
Calcium carbonate (Carrier substance) till 1000 gm. **Digestible
energy calculation based on values of protein 3.5 kcal/gm, fat 8.1
kcal/gm, NFE 2.5 kcal/gm (Santiago et al. 1982). (DM=Dry matter,
CP=Crude protein, EE=Ether extract, CF=Crude fiber and
NFE=Nitrogen free extract).

Experimental design
Fish are divided into four groups in duplicate in which, group 1 feed

with diet A. Fish in group 2 was fed on diet B and fish in group 3 was
fed on diet C. while fish in group 4 kept as fasting group. The
experimental period was 8 weeks.

Behavioral observation
Carassius auratus identified by short plastic strips applied in dorsal

fin of fish, behavior recorded in the period between 09:00 Am till 03:00
Pm for 8 weeks by using focal sample technique for 15 sec. intervals
during one hour daily. Visually by using a note book for recording
behavior, a stop watch, multipurpose counter and video camera
according to Altuman [16]. The following behaviors were recorded
according to Stephan [17]:

Feeding: Frequency and duration (Sec.) spent in feeding.

Swimming: Frequency and duration (Sec.) spent in swimming.

Aggression: Frequency and duration (Sec.) spent in attacking each
other.

Rest: Frequency and duration (Sec.) in which fish completely
immobile and rest on the bottom of their aquaria.

Arousal: Frequency and duration (Sec.) in which fish has a
locomotors activity.

Fish coming to surface of aquaria: Frequency and duration (Sec.) in
which fish hanging around the top of aquaria.

Blood sample
At the end of the experimental periods, blood samples were

collected from caudal vessels and centrifuged at 3000 rpm for 10
minutes for obtaining serum samples and stored in freezer at -0°C then
analyzed 24 hrs post collection. Blood samples should be collected 17 h
after the final feeding for the plasma glucose assay according to Cheng
et al. [18].

Biochemical analysis
Biochemical analysis for glucose which was determined

colorimetrically according to Trinder [19], cholesterol [20], total
protein [21] and creatinine [22] were determined.
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Immunological assessment
Immunological response of fish was evaluated through

determination of serum lysozyme levels [23] and IgM [24].

Statistical analysis
Data were collected, organized and analyzed using one-way analysis

of variance (ANOVA) through the general linear models (GLM)
procedure of the Statistical Package for Social Sciences version 21.0
(SPSS for Windows 21.0, Inc., Chicago, IL, USA). The comparison of
means was carried out with Duncan’s multiple range tests (DMRT).
Results were recorded as mean ± standard deviation (SD). The value of
P<0.05 was used to indicate statistical significance.

Histological analysis
At the end of experiment, small slices of liver, spleen, intestine, head

kidney and skeletal muscle were taken and fixed immediately in
neutral buffered formalin 10%. The fixed specimens were processed
using the usual histological techniques; dehydrated in ascending
grades of ethanol series, cleared in benzene and embedded in paraffin.
5-7 μm thick sections were prepared and mounted on glass slides.
These are dewaxed in xylene, hydrated in descending grades of ethanol
series and stained with Harris's hematoxylin and Eosin (H&E) for
routine histopathological studies according to Bancroft and Gamble
[25]. The microphotographies were taken using a digital Dsc-W 130
super steady cyper shot camera (Sony, Japan) connected to an
Olympus BX 21 light microscope.

Results
The effect of different levels of dietary protein on the growth

performance of Carassius auratus is summarized in Table 3 in which
there is a high significant increase in all nutritional parameters of
group C "fish feed on high dietary protein" followed by control then
low protein groups.

Parameters

Group

A B C

Initial body weight (g) 18.60 ± 0.28a 18.83 ± 0.20a 18.88 ±0.19a

Final body weight (g) 34.72 ± 0.20b 29.67 ± 0.17c 35.79 ± 0.16a

Weight gain (g) 15.89 ± 0.20b 11.07 ± 0.23c 16.91 ± 0.22a

weight gain % 84.54 ± 1.69a 59.77 ± 1.99b 89.69 ± 1.84a

Specific growth rate SGR 1.02 ± 0.02a 0.78 ± 0.02b 1.07 ± 0.02a

Daily gain rate (DGR) 0.26 ± 0.00b 0.18 ± 0.00c 0.28 ± 0.00a

Table 3: Effect of dietary protein levels on mean nutritional Parameters
of Carassius auratus. Means within the same row carrying different
superscripts are sig. different at P<0.05 based on Duncan’s Multiple
Range Test (DMRT).

Concerning the behavioral alteration of Carassius auratus exposed
to different dietary protein levels and starvation stress is shown in
Table 4. The feeding frequency and duration in which there was a
significant increase in group C (high protein in diet) when compared
with groups B (low protein in diet) and D (fasting group). Regarding
the swimming frequency and duration, there was a significant increase
in group B when compared with group D. Table 4 also showed the
effect of dietary protein levels and starvation on aggressive frequency
and duration. In which there was a significant increase in group B
when compared with other groups. The rest and arousal behavior and
duration have a significant increase in fasting group (D), while fish
coming to the surface of aquaria behavior showed a significant increase
in group B.

Behavioral patterns Group

A B C D

Frequency of feeding 3.05 ± 0.14b 2.19 ± 0.16c 4.73 ± 0.23a 0.04 ± 0.02d

Feeding time (Sec.) 76.01 ± 3.07b 25.62 ± 2.84c 82.30 ± 2.84a 5.00 ± 2.84d

Frequency of swimming 2.38 ± 0.15b 5.45 ± 0.61a 1.86 ± 0.4b 0.75 ± 0.15c

Swimming time (sec.) 27.28 ± 1.86b 43.95 ± 3.89a 28.34 ± 3.33b 29.02 ± 4.89b

Frequency of aggression 0.84 ± 0.10b 12.8 ± 2.77a 3.04 ± 0.26b 0.45 ± 0.12b

Aggression time (sec.) 4.23 ± 0.94b 21.59 ± 2.52a 5.08 ± 1.99b 7.15 ± 1.65b

Frequency of rest 0.19 ± 0.46b 3.72 ± 0.94ab 0.25 ± 0.05b 4.09 ± 2.32a

Rest time (sec.) 11.87 ± 3.19b 11.11 ± 3.96b 14.37 ± 3.53b 89.93 ± 5.62a

Frequency of arousal 1.00 ± 0.00a 0.94 ± 0.02a 0.97 ± 0.00a 0.36 ± 0.05b

Arousal time (sec.) 108.88 ± 3.19a 108.12 ± 3.56a 105.62 ± 3.53a 33.40 ± 5.85b

Frequency of fish coming surface 1.70 ± 0.13b 2.34 ± 0.17a 0.83 ± 0.10c 0.47 ± 0.10c
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Frequency of feeding 3.05 ± 0.14b 2.19 ± 0.16c 4.73 ± 0.23a 0.04 ± 0.02d

Table 4: Effect of nutritional factors on the behavioral patterns of Carassius auratus. Means within the same row carrying different superscripts
are sig. different at P<0.05 based on Duncan’s Multiple Range Test (DMRT).

Table 5 showing the effect of different dietary protein levels and
starvation on some blood serum biochemical Parameters of Carassius
auratus. As shown in this table, there was a significant increase in
serum cholesterol level in group feeding on 28% and 45% CP., when
compared with low and fasting groups. The serum total protein
considers a nutritional indicator that gives information about fish

metabolism in which there was a significant increase in serum protein
in groups feeding on 28% and 45% CP. Concerning the glucose level a
significant decrease in glucose level in group feeding high protein in
addition there was a significant increase of creatinine in group feeding
45% cp in diet when compared with other groups.

Parameters Group

A B C D

Cholesterol(CHO) (mg/dl) 259 ± 4.05a 244 ± 6.39b 260 ± 9.11a 220 ± 2.17c

Total Protein 4.90 ± 0.33a 3.80 ± 0.21b 5.10 ± 0.53a 3.42 ± 0.29c

Glucose 22 ± 2.03b 23 ± 0.91b 18 ± 1.20c 29 ± 2.02a

Creatinine 0.3 ± 0.02c 0.39 ± 0.02b 0.41 ± 0.03a 0.28 ± 0.01b

Table 5: Effect of different nutritional factors on some blood serum biochemical Parameters of Carassius auratus. Means within the same column
carrying different superscripts are sig. different at P<0.05.

Regarding the effect of dietary protein levels and starvation on
mean IgM and Lysozyme levels as an important immunological
parameters of fish blood, in which we observed that the highest IgM
lysozyme level was in group C (high protein fed group) (Table 6).

Groups Parameter

IgM Lysozyme

Cholesterol(CHO) (mg/dl) 259 ± 4.05a 244 ± 6.39b

Total Protein 4.90 ± 0.33a 3.80 ± 0.21b

Glucose 22 ± 2.03b 23 ± 0.91b

Creatinine 0.3 ± 0.02c 0.39 ± 0.02b

Table 6: Effect of different nutritional factors on mean IgM and
Lysozyme levels. Means within the same column carrying different
superscripts are sig. different at P<0.05.

Regarding the histological examination, our result revealed that
there are no any significant changes on the histoarchitectures of the all
selected organs; liver, spleen, intestine, head kidney and muscle of
groups 1, 2 and 3 feed with diet A (28% CP), diet B (17% CP) and diet
C (45% CP) respectively. Meanwhile, the fasting of group 4 had the
most effective changes on the histoarchitectures of all selected organs.

Liver of fantail goldfish (Carassius auratus L.) groups 1, 2 and 3
exhibited a normal, homogenous, intact hepatic parenchyma with
normal central vein and there were no any pathological abnormalities.
Hepatocytes were arranged as plates or cords that were dorsally
radiated from the central vein toward the periphery of the hepatic
lobules. Hepatic lobulations in fan-tailed goldfish was indistinct as
they were separated by a very delicate loose connective tissue (Figure
1A). With the higher magnification, liver demonstrated the sponge-like

appearance of the parenchyma which is primarily composed of large
irregular polygonal hepatocytes with typically large single central or
subcentral spherical nucleus with prominent nucleoli and sometimes
binucleated. Nucleus is associated with a pale or vacuolar area.
Hepatocytes cytoplasm is pale and homogenous as a lot of glycogen.
Furthermore, the hepatic cords were laterally separated by normal
sinusoidal architectures that were filled with erythrocytes. Moreover,
some kupffer cells and melanomacrophage centres (MMCs) were
observed (Figure 1B). Meanwhile, liver of fasted fantail goldfish
(Carassius auratus L.) group 4 showed focal to diffuse areas of vacuolar
degeneration with mild necrotic areas characterized by focal necrotic
cells with pyknosis and karryorhexis of their nuclei. Disorganization of
the hepatic cords with sever congestion of the central vein were
observed (Figure 1C). Massive distension, vacuolations and micro
vesicular fatty degeneration of hepatocytes were also demonstrated in
some examined sections as well as overall degeneration of cellular
architecture of liver tissue (Figure 1D). Some extravasated RBCs were
observed in between the hepatocytes within the hepatic parenchyma
(Figure 1C, 1D). Focal areas of chronic inflammation with fibrous
connective tissue proliferation (Figure 1E, 1F) infiltrated with chronic
inflammatory cells were clarified (Figure 1F, 1G). Sever thickening of
the bile duct with fibrous tissue proliferation were also observed
(Figure 1H, 1I).

Spleen of fantail goldfish (Carassius auratus L.) groups 1, 2 and 3
exhibited a normal, intact splenic parenchyma; white pulp and red
pulp as well as the dark staining melanomacrophage centres in the
splenic tissues (MMCs) without any pathological abnormalities (Figure
2A, 2B and 2C). Meanwhile, spleen of fasted fantail goldfish (Carassius
auratus L.) group 4 showed mild necrosis of the splenic parenchyma in
both white and red pulps with even initiation of vacuolations and some
loss of normal architecture with diffused patches of haemosiderin
pigments (Figure 2D). Sever haemosidriosis; haemolysis of RBCs and
escape of large amount of haemosidrin pigment that accumulated
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forming large golden yellow patches of haemosiderin pigments within
the splenic parenchyma were observed (Figure 2E and 2F).

Figure 1A: Section of fantail goldfish (Carassius auratus L.) liver of group 1, 2 and 3 feed with diet A (28% CP), diet B (17% CP) and diet C
(45% CP) respectively showing normal, homogenous, intact hepatic parenchyma with normal central vein (arrow) and distinct radiated
hepatic cords from the central vein to the periphery (arrow head) where there is no any significant changes on the histoarchitectures of all
selected organs in these three different groups. Figure 1B: Section of Carassius auratus L. liver of group 1, 2 and 3 showing normal hepatic
sinusoids with normal hepatocytes of irregular polygonal shaped cells with single, central, large vesicular nucleus and pale cytoplasm with
slightly vacuolations (arrow head), large like kupffer cells (arrow) and melanomacrophage centres (MMCs) (double arrow heads). Figure 1C:
Section of Carassius auratus L. liver of group 4 (fasted group) showing diffuse degeneration, necrosis of hepatocytes infiltrated with numerous
lymphocytes and few extravasated erythrocytes, with disorganization of the hepatic cords (arrow head) with sever congestion of central vein
(arrow). Figure 1D: Section of Carassius auratus L. liver of group 4 (fasted group) showing diffuse microvesicular fatty degenerations ,
pyknotic central nuclei and pale cytoplasm with sever vacuolaions (arrow), and some extravasated RBCs (arrow head). Figure 1E: Section of
Carassius auratus L. liver of group 4 (fasted group) showing focal areas of chronic inflammation (arrows). Figure 1F: Higher magnification of
fig E showing area of chronic inflammation; fibrous connective tissue proliferation infiltrated with chronic inflammatory cells (arrow) with
area of necrosis (arrow head). Figure 1G: Section of Carassius auratus L. liver of group 4 (fasted group) showing hepatocytes of fatty
degeneration (F) with sever aggregations of chronic inflammatory cells (arrows) and area of sever necrosis (N). Figure 1H and 1I: Section of
Carassius auratus L. liver of group 4 (fasted group) showing sever thickening of the bile duct (arrow).

Intestine of fantail goldfish (Carassius auratus L.) groups 1, 2 and 3
exhibited a normal, intact intestinal wall; tunica mucosa, submucosa
and muscularis without any pathological abnormalities (Figure 3A and
3B). The intestinal mucosa is the inner most layers and has deep finger-
like processes; villi that extending in the organ lumen (Figure 3A, 3B).
These expansions are lined with a simple columnar epithelium
comprising mainly absorptive cells and scattered mucus-secreting or
goblet cells (Figure 3C). The lamina propria and submucosa are
generally composed of a loose connective tissue containing blood and
lymph capillaries and large numbers of wandering eosinophilic

granular cells and variable quantities of lymphoid tissue. The role of
the eosinophilic granular cells (EGCs) comes as containing
antimicrobial peptides and their degranulation that can increase the
vascular permeability and promote neutrophil adhesion, suggesting
that they are intimately involved in innate immunity and inflammation
(Figure 3C). The muscularis mucosa usually consists of a thin layer of
smooth muscle cells, longitudinal in direction. The intestine is covered
externally with tunica serosa that is mainly formed of vascularized
loose connective tissue; tunica adventitia and mesothelium of simple
squamous epithelium (Figure 3B). Meanwhile, intestine of fasted
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fantail goldfish (Carassius auratus L.) group 4 showed necrosis in the
intestinal villi with degeneration of intestinal mucosa along with focal
detachment of the lining epithelial (Figure 3D). Severe vacuolations of
the cytoplasm of the intestinal columnar cells were observed (Figure

3E) with chronic enteritis that characterized by aggregation of
mononuclear cells mainly lymphocytes, macrophages and plasma cell
as well as fibrous connective tissue proliferation within the propria
submucosa (Figure 3F).

Figure 2A: Section of Carassius auratus L. spleen of group 1, 2 and 3 showing normal, intact splenic parenchyma; white pulp (arrow heads)
and red pulp (arrow). Figure 2B: Section of Carassius auratus L. spleen of group 1, 2 and 3 showing normal red pulp. Figure 2C: Section of
Carassius auratus L. spleen of group 1, 2 and 3 showing normal white pulp (arrow). Figure 2D: Section of Carassius auratus L. spleen of group
4 (fasted group) showing mild necrosis of the splenic parenchyma; white and red pulps with some loss of normal architecture (arrow) and with
diffused patches of haemosiderin pigments (arrow heads). Figure 2E and 2F: Section of Carassius auratus L. spleen of group 4 (fasted group)
showing large golden yellow patches of haemosiderin pigments within the splenic parenchyma (arrow).

Head kidney of fantail goldfish (Carassius auratus L.) groups 1, 2
and 3 exhibited a normal, intact renal parenchyma; cortex and medulla
which enriched with the haemopoietic tissue, without any pathological
abnormalities. Meanwhile, head kidney of fasted fantail goldfish
(Carassius auratus L.) group 4 showed severe congestion and
hemorrhage presented by extravasated RBCS within the renal
parenchyma (Figure 4A, 4B, 4C and 4D). Mild degenerative changes in
the renal corpuscles with loss of their normal architecture were noticed
(Figure 4E and 4F), with sever tubular vacuolations (Figure 4G), and
sever necrosis & degenerative changes in the renal tubules and
haemopoietic tissue with loss of their normal architecture (Figure 4H).
Furthermore, sever hyaline degenerative changes in the lining
epithelium of the renal tubules were observed (Figure 4I).

Skeletal muscle of fantail goldfish (Carassius auratus L.) groups 1, 2
and 3 showed normal, intact skeletal muscle fibers with acidophilic
cytoplasm that exhibited the cross striation banding pattern of
alternating dark band with light band. The nuclei were multiple,
peripheral and elongated (Figure 5A). Meanwhile, skeletal muscle of
fasted fantail goldfish (Carassius auratus L.) group 4 showed necrosis
in the skeletal muscle cells with loss of their nuclei (Figure 5B) with
sever hyaline degeneration and edema where the muscle cells were
converted to complete mass of hyaline material. The muscle cells
cytoplasm became homogenous, acidophilic and devoid of any obvious
striations and nuclei (Figure 5C, 5D).
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Figure 3A: Section of Carassius auratus L. intestine of group 1, 2 and 3 showing normal, intact intestinal wall and intestinal villi. Figure 3B:
Section of Carassius auratus L. intestine of group 1, 2 and 3 showing normal, intact intestinal mucosa, submucosa and muscularis. Figure 3C:
Section of Carassius auratus L. intestine of group 1, 2 and 3 showing normal lining epithelium of simple columnar cells (short arrow) with
scattered goblet cells (arrow head) and normal submucosa (long arrow).Inset box, showing higher magnification of the goblet cells. Figure 3D:
Section of Carassius auratus L. intestine of group 4 (fasted group) showing necrosis in the intestinal villi with focal detachment of the lining
epithelial (arrow head). Figure 3E: Section of Carassius auratus L. intestine of group 4 (fasted group) showing severe vacuolations of the
cytoplasm of the intestinal columnar cells (arrow head). Figure 3F: Section of Carassius auratus L. intestine of group 4 (fasted group) showing
chronic enteritis characterized by aggregation of mononuclear cells mainly lymphocytes, macrophages and plasma cell as well as fibrous
connective tissue proliferation within the submucosa.

Discussion
This research was conducted to know the importance of the

different protein levels in diet and its impact on health and immunity,
behavior and histoarchitectures of fantail goldfish Carassius auratus
(L.) as well as the study shows how importance exposing those fish to
starvation. Regarding the results of growth performance of Carassius
auratus in which there was a high significant increase in all nutritional
parameters of fish feed on high dietary protein followed by control
then low protein groups. This can be attributed to the increase amount
of protein in the diet and consequently it convert to body mass also
some of that protein may acts as fuel as suggested by Bancroft JD et al.
[26]. Also Lovell [27] mentioned that, the relative deficiency of protein
in fish diet leads to lowering food intake and impairing development
and growth. Our results also coordinated with that reported by Cheng
AC, et al. [18] who mentioned that, the moderate dietary protein
content resulted in weight gain and feed efficiency better than the low-
protein diets. The results were in disagreement with that mentioned by

Elangovan A, et al. [28] who reported that, protein level in diet around
50% showed a significant decrease in the body weight it may be due to
the animal limitations to use the protein and their reduced feed
efficiency. The fish survival was 100% in all treatments.

The behavioral patterns of Carassius auratus were also influenced by
different dietary protein levels and starvation. As in case of feeding
frequency and duration in which there was a significant increase in
group in which fish fed high protein in diet. It may be attributed to that
increase the dietary protein level in diet of fish increase the feed intake
and growth rate which correlated with increase oxidative metabolism
and protein synthesis. This result could be supported by Borge D, et al.
[2] who reported that high numbers of factors including feeding affect
fish welfare for maintaining homeostasis and normal development and
protected against physical damages. While the effect of dietary protein
levels and starvation on swimming frequency and duration, there was
a significant increase in group B (low protein in diet) when compared
with group and D (fasting group).
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Figure 4A: Section of Carassius auratus L. head kidney of group 4 (fasted group) showing severe congestion (arrow) and hemorrhage (arrow
head) within the renal parenchyma. Figure 4B: Higher magnification of fig A showing severe congestion (arrow) and sever extravasated RBCs
(arrow heads) within the renal parenchyma. Figure 4C and 4D: Section of Carassius auratus L. head kidney of group 4 (fasted group) showing
sever hemorrhage with numerous lymphocytes within the renal parenchyma (arrow). Figure 4E, 4F: Section of Carassius auratus L. head
kidney of group 4 (fasted group) showing mild degenerative changes in the renal corpuscles with loss of their normal architecture. Figure 4G,
4H: Section of Carassius auratus L. head kidney of group 4 (fasted group) showing sever tubular vacuolations in fig G and sever necrosis &
degenerative changes in the renal tubules with loss of their normal architecture in fig H. Figure 4 I: Section of Carassius auratus L. head kidney
of group 4 (fasted group) showing sever hyaline degenerative changes in the renal tubules (arrow).

This result was in harmony with that mentioned by Martínez M,
Alanara A, Brannas E, et al. [29-31] who illustrated that, food
deprivation and deficiency in the diet leads to changes in metabolic
activity and changes in territorial behavior strategies and activity
pattern especially swimming.

Concerning the effect of dietary protein levels and starvation on
aggressive frequency and duration, there was a significant increase in
group B when compared with other groups. It may be due to decrease
dietary protein levels which enhance the aggressive behavior. This
result was in agreement with that of Höglund E, et al. [32] who
illustrated that increase dietary levels has been shown to suppress
aggressive activity. On the other hand, the effect of dietary protein
levels and starvation on rest and arousal behavior and duration in
which there was a significant increase in fasting group. There was a
significant decrease in arousal behavior. These results agreed with
Zielinski WJ [33] who suggested that the availability of food increase
the activity, arousal and decrease the rest duration of fish. The results of
the effect of dietary protein levels and starvation on fish coming to the

surface of aquaria, showed that there was a significant increase in
group B. this may be due to that the protein deficiency in diet acts as a
stress factor in which fish become aggressive and try to come surface to
get more food in order to be more growth rate and development as
suggested by Houlihan DF, et al. [34].

Results of the effect of different dietary protein levels and starvation
on some blood serum biochemical parameters of Carassius auratus,
the serum cholesterol level, there was a significant increase in group A
and C when compared with B and D groups. This result go hand with
hand of that mentioned by Abdel-Tawwab M [35] who stated that,
serum lipids significantly increased when the protein level increased
this may be as a result of that the muscle is a pivotal compartment
directly associated with amino acid turnover. It includes protein
synthesis or breakdown of those molecules as energetic substrates.
While, serum lipid levels decreased in case of fish starvation. As in case
of fasting the stored lipids were used as an energy source. Also our
results ensure that, energy homeostasis of fish during starvation
confirm occurrence of energy reserves mobilization as lipids as
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recorded by Sheridan MA, Navarro I [36,37] and so in case of
prolonged starvation, the cholesterol level in serum is decreased.

Figure 5A: Section of Carassius auratus L. skeletal muscle of group 1, 2 and 3 showing normal, intact skeletal muscle with acidophilic
cytoplasm that showing the cross striation banding pattern of alternating dark band with light band and also multiple, peripheral nuclei
(arrow head). Figure 5B: Section of Carassius auratus L. skeletal muscle of group 4 (fasted group) showing necrosis in the skeletal muscle with
loss of their nucleus and cross striation (arrow). Figure 5C, 5D: Section of Carassius auratus L. skeletal muscle of group 4 (fasted group)
showing sever hyaline degeneration and edema in the skeletal muscles with loss of their nuclei (arrow head).

The serum total protein considers a nutritional indicator that gives
information about fish metabolism as illustrated by our results in
which there was a significant increase in serum protein in groups
feeding on 28% and 45% CP this may be due to increase of liver
protein synthesis as supported by Hoseini SM [38]. This result was in
harmony with that of Melo BJF, Abdel-Tawwab M [26,39] who
reported that, serum protein increased with increased dietary protein
level. Also [40] stated that, the increased protein level in diet leads to
rise of serum protein which could likely be due to the enhancement of
digested protein. On the other hand there was a clear tendency for
serum protein to decrease in fasting fish. This could confirmed by

presence of previous studies on several starved fish species, including
brook trout [41], European eel [42] and Senegalese sole, Solea
senegalensis [43] that ensure the decrease of serum total protein after
starvation.

Serum glucose level has a significant decrease in group feeding high
protein. Our results was harmony with that mentioned by [18] who
reported that, there was a significant decrease of glucose levels in fish
fed the diets containing the higher protein in diet. Regarding the effect
of starvation on serum glucose level, we observed that, there was an
elevation in the level of glucose in fasting group when compared with
other groups. This result was coordinated with that of Mommsen TP
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[44] who mentioned that serum glucose levels increased by fasting it
may explained by fish trying to keep glucose concentrations during
starvation by the increase of glycogenolysis and gluconeogenesis. Also
Laiz-Carrión R, et al. [45] found an enhancement in the gluconeogenic
and glycogenolytic during starvation.

Creatinine is considered a nitrogenous end product of protein
catabolism and is directly increase with high levels of protein in diet
that was clear in group feeding 45% cp in diet when compared with
other groups. This result is harmony with that stated by Ajeniyi SA, et
al. [46] who mentioned that the increased ratio of creatinine may be
due to high protein blood levels.

IgM and Lysozyme levels in serum considered important
immunological parameters of fish. Results showed that the highest IgM
and lysozyme levels was observed in high protein fed group as
supported by Kiron V, et al. [47] who found that lysozyme activity was
reduced in protein deficient rainbow trout. In contrast the fasting
group showed a significant decrease in IgM and lysozyme levels in
serum that confirms that prolonged starvation influence the immune
status of fish. The result was in agreement with that of [48]
who reported that starvation stress can cause a decrease in the
lysozyme level of European eel starved for 31 days.

It is well known that, the digestive system especially liver and
intestines are considered a good indicator of the nutritional status of all
mammals as well as fish [7-9]. The most important organs in digestion
and absorption of nutrients from food are liver and intestines, and
therefore monitoring of these organs is considered necessary [10]. For
this, liver and intestines were used to show what changes occurred
through experiments. Our results revealed that, the fasted group of fish
showed various histological alterations in the liver that exhibited
degenerative changes in the form of necrosis, vacuolations of
hepatocytes and degeneration of cellular architecture of hepatic cords
and hepatic sinusoids distention. These findings are in coincidence
with the findings of [49-53] who reported that the necrosis of liver
hepatocytes in different fishes is following stress of starvation.

As a result of hepatic cells vacuolations, impairing its synthetic
machinery resulted in an imbalance in the rate of synthesis and release
of substances in the systemic circulation. As starvation prolonged, the
hepatocytes lose their integrity and hence the energy reserves in the
form of glycogen and lipids stored in hepatocytes may apparently get
depleted. As progressed depletion, energy decreased and landing the
fish in extremely worst condition. Similar viewpoint has been put forth
by [54,55] in fish liver tissue following starvation. Distension of hepatic
sinusoids in our results may be due to the mechanical obstruction of
blood supply to liver tissue. Such distention and vacuolation seemingly
appear to result in overall degeneration of the cellular architecture of
liver tissue towards the end of the starvation period and disruption of
various metabolic processes. All these histopathological observations
indicate that exposure of fish to prolonged starvation caused
destructive changes in its liver tissue ultimately disrupting the
functional efficiency of liver.

Spleen of fasted group showed mild necrosis of the splenic
parenchyma with even initiation of vacuolations and some loss of
normal architecture with sever haemosidriosis that appeared as large
golden yellow patches of haemosiderin pigments within the splenic
parenchyma. These results are in agreement with [56] who clarified
that necrosis and vacuolation in splenic tissue of European eel Anguilla
anguilla following stress of fasting resulting in impairment of normal
physiology of fishes. Deposition of haemosiderin leads to pathological

state known as haemosiderosis [57]. Hibiya [58] also stated that the
main cause of haemosidrosis was the increased rate of erythrocyte
destruction in the spleen. Under the influence of prolonged starvation,
the histological architecture of splenic tissue manifested severe
degeneration ultimately affecting its blood cell forming capacity.

Intestine of fasted fantail goldfish (Carassius auratus L.) group 4
showed necrosis in the intestinal villi with degeneration of intestinal
mucosa with focal detachment of the lining epithelial and severe
vacuolations of the cytoplasm of the intestinal columnar cell and with
chronic enteritis that infiltrated with chronic inflammatory cells and
fibrous connective tissue proliferations within the propria submucosa.
These investigations are very close and similar to those described after
[59]. The present study showed that enteritis is dependent on the
percentage of crude proteins in fish meal and starvation. Lowering the
proteins percentage in the fish meal as well as starvation, increase the
signs of enteritis that observed in starved group. Similar results were
recorded by [60].

The microscopic examination of the head kidney of starved fan-
tailed goldfish revealed tubular vacuolations and tubular necrosis as
well as haemopoietic tissue. The renal tissue was observed to undergo
total degeneration with loss of normal architecture of renal tubules and
haemopoietic tissue in some examined sections. Such results were
observed in renal tissue are in parallelism with the findings of [61-63]
in fishes when exposed to different periods of starvation. Degenerative
changes in renal tissue as observed presently are considered the main
causes of different excretory disorders. Moreover continuous decrease
in the haemopoietic tissue of the kidney can lead to impairment of
haemopoiesis; result in disruption in the blood forming efficiency of
head kidney and hence inhibits further release of normal erythrocytes
into the general circulation, thereby affecting its functional efficiency
which has a direct influence on physiology of fish.

Conclusion
From our results, we can conclude that the protein level is very

important metabolite of Carassius auratus. The ideal levels of protein
required by Carassius auratus is 45% CP followed by 28% CP that in
case of starvation there was a significant decrease in protein level, that
consider a fuel source for fish. In addition, the high protein level
decrease the stress on Carassius auratus as illustrated from low serum
glucose level, while increased glucose value in case of staved fish
indicates chronic stress. Prolonged starvation for 8 weeks affects
health, immune response, behavior and tissue architectures of
Carassius auratus. Histologically, there is no any significant changes on
the histoarchitectures of the all selected organs; liver, spleen, intestine,
head kidney as well as muscle of groups 1, 2 and 3 feed with diet A
(28% CP), diet B (17% CP) and diet C (45% CP) respectively.
Meanwhile, the fasting of group 4 had the most effective changes on
the histoarchitectures of all selected organs.
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