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ABSTRACT 

The effects of dietary nucleotide (NT) were evaluated on some serum biochemical 

parameters and acute stress responses of the catfish (Pangasianodon hypophthalmus). 

Five experimental diets including 0, 0.25, 0.5, 0.75, and 1% NT were supplied to catfish 

fry for 10 weeks. At the end of the experiment, fish fed the control and 1% NT diets were 

subjected to handling and crowding stress. The results showed that the fish supplied with 

0.25-0.75% NT had a lower level of lactate dehydrogenase (LDH) (P<0.05) while other 

serum enzymes including alkaline phosphatase (ALP), asparate transaminase (ASP), and 

alanine transaminase (ALT) were not significantly reduced by NT inclusion in the diet 

(P>0.05). The fish which received the highest doses (0.75 and 1%) of NT exhibited higher 

levels of triglyceride than the other groups (P<0.05) while they showed no significant 

differences in other biochemical parameters including total protein, albumin, globulin, 

cholesterol, and glucose (P>0.05). To investigate stress responses, cortisol (primary 

response), serum glucose, and serum ion concentrations including sodium, potassium and 

calcium (secondary responses) were measured. The results showed significant fluctuations 

in all the tested components during the sampling intervals for up to 48 h post-stress; the 

exceptions, however, were glucose in the group on the 1% NT diet as well as serum 

cortisol and calcium levels in those supplied with the control diet. Based on the results 

obtained, it may be concluded that dietary NT can improve liver function in iridescent 

catfish, but it has no obvious positive effects on other serum biochemical parameters and 

stress responses.  
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INTRODUCTION 

It is well documented that common 

cultivation practices such as crowding, 

handling, and transportation can negatively 

affect popular aquatic health and welfare 

(Falahatkar and Barton, 2007). The reactions 

observed in aquatic life under such stress 

conditions include primary, secondary, and 

tertiary responses. The primary response starts 

out in the hypothalamus where stress is 

perceived. This is followed by stimulation of 

the pituitary-inter-renal axis that gives rise to 

the secretion of cortisol and catecholamine as a 

hormonal response (Nematollahi et al., 2013). 

The action of these hormones triggers 

metabolic, haematological, and immunological 

changes, which collectively comprise the 

secondary response in the organism. If 

continued, the stress may cause the final fatal 

stage of the response that is realized as disease 

or exhaustion, growth retardation, and death 

(Barton and Iwama, 1991; Barton, 2002). 

Rising plasma cortisol levels over long periods 
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due to such aquaculture-related conditions as 

overcrowding or handling (Pickering and 

Pottinger, 1989) lead to unhealthy and retarded 

growth (Urbinati and Carneiro, 2001; Rowland 

et al., 2006).  

To combat or diminish the adverse effects of 

common stressors in aquacultural 

environments, a number of measures have 

been commonly employed. These include 

aeration, fish density optimization, water 

quality improvement, water exchange, and 

inclusion in fish diet of some anti-stress 

compounds such as nucleotide and medicinal 

plant extract that counteract the 

immunosuppressive stress effects (Li and 

Gatlin III, 2006; Citarasu, 2010).  

The recent active research in the field of 

aquaculture has concentrated on the effects of 

commercially available nucleotides (NTs) on 

different biological characteristics in fish (Li 

and Gatlin III, 2006) and shellfish (Shankar et 

al., 2012). These form a group of low-weight 

biomolecules with a key role in the 

physiological and biochemical pathways of a 

wide variety of animals (Carver, 1994; Carver 

and Walker, 1995). Reported in the literature is 

a mass of paradoxical results obtained about 

the effects of dietary NT on important traits in 

aquatics such as growth rate (Burrells et al., 

2001a,b; Barros et al., 2013), serum 

biochemical composition (Yousefi et al., 2012; 

Tahmasebi-Kohyani et al., 2012), and stress 

response (Burrells et al., 2001b; Abedian-

Kenari et al., 2012; Barros et al., 2013) in 

several fish species such as Atlantic salmon 

(Salmo salar), Nile tilapia (Oreochromis 

niloticus), rainbow trout (Oncorhynchus 

mykiss), and beluga sturgeon (Huso huso). 

Indeed, there are many scientific gaps in the 

knowledge about the effects of NT 

supplementation in diets on different fish 

species, the dose response, and the time of 

administration (Li and Gatlin III, 2006). On 

the other hand, the veritable effects of dietary 

NT on serum biochemical changes and acute 

stress responses in fish have not yet been fully 

understood. Of increasing interest in fish 

nutrition research nowadays is 

supplementation in fish diets that supports 

optimum fish health. 

The iridescent or striped catfish, 

Pangasianodon hypophthalmous, is one of the 

most important native fresh water fish species 

of the Southeast Asia which is heavily fished 

from natural river basins as a food source. It is 

considered to be suitable for cultivation as a 

food fish as well as a common species in the 

fish keeping hobby. More recently, this 

valuable species has been identified as an 

endangered species (Vidthayanon and Hogan, 

2011).  

Based on the above observations, this 

experiment was conducted to examine the 

effects of dietary nucleotides on serum 

biochemical parameters and stress responses 

of iridescent catfish exposed to acute stress. 

MATERIALS AND METHODS 

Experimental Animals and Design 

Eight hundred striped catfish fry (0.7 ± 

0.05 g) were obtained from a commercial 

supplier (Sepanta Mahianab Aria Pars, 

Isfahan, Iran). The fish were acclimatized to 

lab conditions for two weeks prior to the 

experiment before they were randomly 

weighed (1.52 ± 0.11 g) at the beginning of 

the experiment and stocked into 15 aquaria 

of 150-L (50 fish per aquarium) in triplicates 

for each dietary treatment. The water level 

in the aquaria was kept stable and about 

50% of the water volume was changed every 

two days to maintain constant water quality 

parameters. Among these parameters, water 

temperature (30 ± 2.0 °C), pH (7.5 ± 0.2) 

and dissolved oxygen (6 mg L
−1

) were 

monitored on a daily basis at 18:00 hrs. Fish 

were fed about 5% of their body weight 

three times a day at 10:00, 13:00, and 16:00 

hrs for 70 days.  

Experimental Diets 

A diet containing 39% crude protein, 14% 

fat, 21.7% carbohydrate, 3% fibre, and less 

than 10% moisture (National Research 

Council (NRC), 1973) was formulated to 
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make a practically iso-caleric experimental 

diet (14.25 kJg
-1
 diet) with fish meal, soybean 

oil, soybean meal, corn, corn gluten, and fish 

oil. The diet was supplemented with the 

commercial nucleotide mixture “Optimun” 

(Chemoforma, Augst, Switzerland) to give 0, 

2.5, 5, 7.5, and 10 g of mixed NT/Kg diets. 

Optimun contained inosine monophosphate 

(IMP), adenosine monophosphate (AMP), 

guanosine monophosphate (GMP), and 

ribonucleic acid (RNA).  

Stress Challenge 

The stress challenge was imposed according 

to Tahmasebi-Kohyani et al. (2012) with some 

modification. Briefly, at the end of the feeding 

trial, 120 fish from both the control and the 

experimental group receiving 1% NT (the 

highest dietary NT dose which showed the 

highest growth performance, data not shown) 

were subjected to the stress challenge. For this 

purpose, the fish remained on the experimental 

diets and were acclimatized for 1 week as 

described above. After the acclimation period, 

9 fish per tank were removed for sampling 

(time 0) prior to subjecting the remaining fish 

in the tank to acute stress. The stress consisted 

of netting the remaining fish from the tank and 

holding them out of water for 5 min before 

being crowded at an approximate density of 

100 gL
-1
 in a plastic mesh bucket placed in 

their original tank for 3 h. The experimental 

fish were sampled after 1 h of crowding and 

later as they were released from the crowding 

stress (3 h) at 8, 24, and 48 h. 

Blood Sampling and Biochemical 

Analyses 

At the end of the experiment, at least 9 fish 

from each replicate were anaesthetized with 

clove powder (100 ppm) and blood sampling 

(0.5-1 mL) was performed individually from 

caudal puncture (G.18 needle). The blood was 

centrifuged at 3000 rpm for 10 min. The serum 

was then collected and kept frozen at -80 °C 

until analysis for enzymatic activity of lactate 

dehydrogenase (LDH), aspartate transaminase 

(AST), alkaline phosphatises (ALP), and 

alanine transaminase (ALT) activities 

(Peyghan and Azary Takamy, 2002) as well as 

biochemical characteristics including the level 

of total protein (Tietz, 1986), albumin 

(Doumas et al., 1977), globulin (total protein-

albumin; gdL
-1
), and albumin:globulin (A:G) 

ratio (Kumar et al., 2005). The manual 

presented by Davidson and Nelson (1977) was 

used to determine the levels of triglycerides 

and cholesterol.  

To evaluate the effects of NT on response to 

handling and crowding stresses in the catfish, 

the fish (9 individuals from each treatment at 

each sampling interval) were captured with 

minimal disturbance to the other fish. Blood 

sampling as well as serum preparation and 

storage were performed as described above. 

Cortisol and glucose levels were determined 

using the radioimmunoassay method 

(Immunotech, France) and the colorimetric 

glucose oxidize procedure (Benfey and Biron, 

2000). The levels of ions including sodium, 

potassium, and calcium were assayed 

according to Braun et al. (2010). All the 

measurements were made in duplicates. 

Statistical Analysis 

Statistical analysis was performed by one 

way ANOVA at 5% significance level. A 

multiple comparison test (Tukey’s 

studentized range tests, TMRT) was 

conducted to compare the significant 

differences among the groups using SPSS 

V.19. Values were presented as means ± 

standard error of mean. The T-test was used 

to evaluate the differences between stress-

related parameters analyzed at the same time 

between the two experimental groups.  

RESULTS 

Biochemical Analysis 

At the end of the experiment, no 

significant changes were observed in the 
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Table 1. Serum enzymes (U L
-1

) in iridescent catfish fed different levels of dietary nucleotide (NT) for 

10 weeks.
a
 

NT dose  

(%) 
0 (Control) 0.25 0.5 0.75 1 

AST
b
 261±19.85

ab
 326.66±12.14

a
 230.33±19.93

b
 228±17

b
 219±22.27

b
 

ALT
c
 9±0.57

 a
 9.33±0.88

 a
 7.33±0.88

 a
 9.01±2.03

 a
 7.02±1.01

 a
 

ALP
d
 141.66±20.3

 a
 185.66±12.1

 a
 191.66±23.78

 a
 191.5±23.5

 a
 132.33±3.84

 a
 

LDH
e
 2805.6±398.97

a
 1283±391.04

b
 1291.33±381.03

b
 1432±357.5

b
 1670±382.52

ab
 

a
 Mean values with at least one identical superscript are not significantly different (P> 0.05). Values are 

Means±SEM. 
b 

Alkaline phosphatase; 
c
 Asparate transaminase; 

d
 Lactate dehydrogenase, 

e
 Alanine 

transaminase. 

Table 2. Some biochemical parameters of iridescent catfish fed different levels of dietary nucleotide 

(NT) for 10 weeks.
a
 

NT dose  

(%) 

0 (Control) 0.25 0.5 0.75 1 

TP
b
 4.12±0.13

a 
4.08±0.11

a 
4.3±0.64

a 
3.83±0.13

a 
4.1±0.28

a 

Alb
c 
 1.86±0.06

a 
1.92±0.08

a 
1.62±0.19

a 
1.66±0.47

a 
1.81±0.12

a 

Glb
d
  2.26±0.07

a 
2.16±0.03

a 
1.95±0.12

a 
2.17±0.09

a 
2.12±0.05

a 

Alb:Glb 0.82±0.01
 a 

0.88±0.02
 a 

0.9±0.16
 a 

0.76±0.02
 a 

0.79±0.03
 a 

Chol
e
  227.6±11.76

a 
231.12±11.62

 a 
255.16±41.43

a 
235.75±19.55

 a 
250.12±21.71

a 

Glu
f
 139.5±4.09

a 
141.14±4.75

a 
149±30.73

a 
140.62±3.75

a 
129.77±9.84

a 

TG
g
  408.8±24.52

a
 373.75±28.53

a
 358.4±59.97

a
 584.14±52.53

b
 630.42±65.89

b
 

a
 Mean values with at least one similar superscript are not significantly different (P> 0.05). Values are 

Mean±SEM. 
b
 Total protein; 

c
 Albumin(g dL

-1
); 

d
 Globulin (g dL

-1
); 

e
 While cholesterol; 

f
 Glucose (mg 

dL
-1

), 
g
 Triglyceride (mg dL

-1
). 

 

serum levels of ALT and ALP (P>0.05; 

Table 1) while the levels of the two other 

enzymes, AST and LDH, were significantly 

affected by NT inclusion in the diet (P<0.05; 

Table 1). The lowest levels of LDH were 

observed in the groups of fish on medium 

NT doses (0.25-0.75%). Feeding iridescent 

catfish with diets containing different levels 

of commercial NT had effects neither on 

their total protein nor on their albumin levels 

(P>0.05; Table 2). The globulin levels were 

in the range of 1.95-2.26 gdL
-1

 without any 

significant differences among the groups 

(P>0.05; Table 2). Similar results were 

observed for Alb:Glb ratio, which was not 

affected by NT levels (P>0.05; Table 2). The 

cholesterol and glucose levels ranged over 

227.6-255.16 and 129.77-149 mgdL
-1

, 

respectively (Table 2). The results indicated 

that 10 weeks of administering diets 

enriched with different levels of NT had 

failed to cause any significant changes in the 

serum levels of these components in the 

iridescent catfish (P>0.05; Table 2). 

The serum triglyceride (TG) levels showed 

significant changes with increasing NT 

doses (P<0.05; Table 2). NT inclusion in the 

diet at doses of 0.75% or higher caused 

significant increases in TG levels compared 

to other groups receiving lower doses of NT 

(P<0.05; Table 2).  

Stress Challenge 

At the beginning of handling and 

crowding stress, cortisol levels measured as 

low as 7.26 ± 1.68 and 4.73 ± 0.86 ng mL
-1

 

in the control and the 1% NT treatments, 

respectively, but there were no significant 

differences between the two groups at that 

time (P>0.05; Figure 1a). In the group of 

fish supplied with 1% NT, serum cortisol 

level increased significantly to 14.26 ± 2.76 

at 3h post-stress, while the fish on the 

control diet showed a very limited and 
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(a) 

(b) 

Figure1. (a) Serum cortisol (ng mL
-1

) (b) Serum glucose (mg dL
-1

) levels in iridescent catfish on both 

the control and 1% NT diets subjected to acute handling followed by 3 h of crowding stress. Data are 

presented as means ± standard error as error bars. Significant differences between different times of blood 

sampling in the same group are indicated by unlike letters (P< 0.05; Tukey’s test) while significant 

differences between two groups (0 and 1% of NT) at the same time (P< 0.05; t-test) are shown by the 

asterisk (*). 

 
insignificant rise in their cortisol compared 

to time 0. However, cortisol returned to its 

pre-stress levels within 8 h in both groups 

and remained in the plateau status until the 

end of the experiment, i.e., 48 h (Figure 1a). 

There were no significant differences 

between the two groups in cortisol levels at 

different sampling intervals (P>0.05; Figure 

1a). 

Serum glucose levels showed an elevating 

trend in fish subjected to stress in both 

groups (Figure1b). Glucose reached its 

maximum concentrations at 1 and 3 h post-

stress in the control and the 1% NT groups, 

respectively, although the elevations were 

not significant compared to time zero 

(P>0.05; Figure1b). Serum glucose returned 

to its pre-stress levels within 8 h (Figure1b). 

The lowest glucose concentrations (73.66 ± 

2.66 and 101 ± 2.51 mgdL
-1

) were measured 

at 48 h post-stress in the control and the 1% 

NT groups, respectively (Figure1b).  

The results of ion regulation investigations 

showed that at time 0, the serum sodium 

levels were 139.73 ± 4.34 and 127.66 ± 3.09 

mmolL
-1

 in the control and the 1% NT 

groups, respectively (P>0.05; Figure 2a). In 

both groups, sodium concentrations 

decreased after stress challenges and reached 

their minimum values at 3 h post-stress 

(Figure 2a), beyond which they gradually 

returned to their pre-stress values until 48 h 

(Figure 2a). During all the sampling 

intervals, the levels of serum sodium were 

lower in fish supplied with the 1% NT diet 

than in the control although our statistical 

analysis only showed significant differences 

at 8 h (P<0.05; Figure 2a). An opposite trend 

was observed in potassium levels in that the 

fish fed the 1% NT diet exhibited higher 

levels of K
+
 than the control (P<0.05; Figure 

2b) in most of the sampling times. In both 

groups, the highest levels of potassium were 

recorded at 8 h post-stress which was 

significantly higher than those reported at 

time 0, beyond which potassium 

concentration decreased sharply and 

returned to its pre-stress values (in the 

control) or even less (in the 1% NT 

treatment) (P<0.05; Figure 2b). In the 

control group, calcium concentration was 

not affected by the stress challenges, 

fluctuating in the range of 2.8-3.19 mmolL
-1

 

(P>0.05; Figure 2c). In fish on 1% NT, Ca
+2 
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(a) 

(b) 

(c) 

 

Figure 2. Effects of dietary nucleotide on 

Na
+
 (a), K

+
 (b), and Ca

+2
 (c) ion concentrations 

in iridescent catfish subjected to acute handling 

followed by 3 h of crowding stress. Data are 

presented as means±standard error as error 

bars. Significant differences between different 

times of blood sampling in the same group are 

indicated by unlike letters (P< 0.05; Tukey’s 

test) while significant differences between two 

groups (0 and 1% of NT) at the same time (P< 

0.05; t-test) are shown by asterisk (*). 

 

showed significant fluctuations (P<0.05; 

Figure 2c). The lowest level of calcium 

concentration was 2.41+0.01mmolL
-1

 at 3h 

post-stress which was significantly lower 

than those measured for the control (P<0.05; 

Figure 2c). Serum Ca
+2 

content increased 

significantly and reached its maximum level 

(3.3 + 0.1 mmolL
-1

) at 24h (P<0.05; Figure 

3c). In most of the sampling times, the 

control fish showed higher levels of serum 

calcium than the fish on 1% NT. However, a 

significant difference was only observed at 8 

h (P<0.05; Figure 3c).  

DISCUSSION 

The results of this study indicate that 

dietary NT has no uniform effect on serum 

enzymes. Each enzyme is a vital component 

of a biological pathway. Elevation in the 

activity of serum enzymes including ALT, 

AST, ALP, and LDH is usually considered 

as a symptom of liver dysfunction (Shi et 

al., 2006). In this study, only the level of 

LDH was significantly lower in fish fed the 

0.25- 0.75% NT diet, but NT 

supplementation did not reduce the serum 

levels of other enzymes. Generally speaking, 

limited information is available on the 

effects of dietary NT on serum enzyme 

levels. In agreement with our results, 

Glencross and Rutherford (2010) showed 

that LDH level was significantly lower in 

barramundi (Lates calcarifer) which was on 

a diet containing NT. The decline in most of 

the above enzymes has also been reported by 

Tahmasebi-Kohyani et al. (2012) who 

investigated rainbow trout, Oncorhynchus 

mykiss and Abedian-Kenari et al. (2012) 

who experimented with Caspian brown 

trout, Salmo trutta caspius. The differences 

among these studies can be explained by the 

form of NT supplied, duration of 

administration, or even the special 

characteristics of the species studied (Li and 

Gatlin III, 2006). The decline observed in 

this study in LDH as one of the most 

important serum enzymes may show the 

potential positive effects of dietary NT on 
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liver function. However, further study is 

required to determine the exact effects of NT 

on liver. 

Compared to other groups, the iridescent 

catfish supplied with 0.75% or 1% NT had 

significantly higher triglycerides, while 

other blood biochemical parameters were 

not affected by dietary NT. Inconsistent 

results have been reported on the effects of 

dietary NT on certain blood biochemical 

parameters such as total protein, albumin, 

cholesterol, glucose, and triglycerides. For 

example, Tahmasebi-Kohyani et al. (2012) 

observed significant increases in total 

protein, albumin, and globulin levels in 

response to NT doses in rainbow trout but 

no such dose response was reported by 

Abedian-Kenari et al. (2012) who studied 

Caspian brown trout. Rather, they observed 

the highest levels of these serum 

components in the fish supplied with a 

medium NT dose of 0.25%. Yousefi et al. 

(2011) found that dietary NT did not affect 

total protein, albumin, and globulin levels or 

cholesterol and triglycerides in beluga 

sturgeon, Huso huso. Similar results were 

reported by Abedian-Kenari et al. (2012) 

who investigated these same components in 

Caspian brown trout. Contrary to our results, 

Fontana et al. (1998) reported that dietary 

nucleotide could normalize the level of 

cholesterol but did not affect triglycerides 

concentration in rats. These differences in 

findings can be explained by the NT level 

and the duration of administration as well as 

the variety in NT digestion and absorption 

potential of different aquatic species under 

distinct environmental conditions (Roald, 

1978). However, a comprehensive research 

is needed to clarify the possible effects of 

NT on certain blood biochemical parameters 

in fish.  

In the present study, the primary (cortisol) 

and secondary (glucose and ion fluctuation) 

stress responses were not as typical as 

expected in fish subjected to handling and 

crowding stress (Karakatsouli et al., 2008). 

This may be due to the resistance of 

iridescent catfish to the common handling 

and crowding stressors. Although published 

research suggests that dietary NT enhances 

fish resistance to a variety of stressors such 

as salinity in Atlantic salmon (Burrells et al., 

2001b) and Caspian brown trout (Abedian 

Kenari et al., 2012) or handling and 

crowding stress in beluga sturgeon (Yousefi 

et al., 2011) and rainbow trout (Tahmasebi-

Kohyani et al., 2012), the phenomenon 

failed to be validated by studies of red drum, 

Sciaenops ocellatus (Li et al., 2005), 

barramundi (Glencross and Rutherford, 

2010), and Nile tilapia (Barros et al., 2013). 

These studies even suggested that inclusion 

of NT had a negative effect on fish health 

under stressful conditions. A possible 

explanation for such unlike results among 

different fish species is extreme variation 

among individual fishes which makes the 

data insignificant (Li and Gatlin III, 2006). It 

is also well documented that high levels of 

NT bioavailability or NT administration 

over long periods may lead to undesirable 

side effects on disease resistance (Matsuo 

and Miyazano, 1993) and growth (Adamek 

et al., 1996) so that these side effects may be 

responsible for the stress responses 

observed. After all, the matter remains far 

from clear before adequate study is carried 

out to shed more light on the specific effects 

of NT on primary and secondary stress 

responses. In conclusion, the results of the 

present study demonstrated that dietary NT 

has very limited positive effects on 

iridescent catfish welfare and stress 

responses which may indicate the 

inappropriateness of the use of NT in some 

aquatics.  
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كمان در حال ماهي رنگينحاد در گربه تنشايي سرم و پاسخ به يتغييرات بيوشيم

  ئوتيدتغذيه شده با جيره حاوي نوكل (Pangasianodon hypophthalmus)انقراض

  محمودي. و ن ،درافشان .پيكان حيرتي، س .يعقوبي، ف .م

  چكيده

ماهي و پاسخ به استرس حاد در گربه بيوشيمياييتاثير جيره محتوي نوكلئوتيد بر برخي پارامترهاي 

Pangasianodon hypophthalmus  هاي غذايي گروه با جيره 5ارزيابي شد. آزمايش در

هفته اجرا شد. در  10% نوكلئوتيد افزوده شده به جيره به مدت 1و  75/0، 5/0، 25/0، 0متفاوت حاوي 

% نوكلئوتيد تحت تاثير استرس 1پايان آزمايش، ماهيان گروه شاهد و تغذيه شده با جيره محتوي 

) سرم LDHدستكاري و تراكم قرار گرفتند. نتايج نشان داد كه سطح آنزيم لاكتات دهيدروژناز (

تر بود در حالي كه تفاوت داري كمنوكلئوتيد به طور معني 25/0-75/0يره محتوي شده با جماهيان تغذيه

هاي سرمي شامل آلكالين فسفاتاز، آسپارات ترانسميناز و آلانين داري در سطوح ساير آنزيممعني

و  75/0. ماهيان تغذيه شده با بالاترين سطوخ نوكلئوتيد در جيره، (P > 0.05)ترانسميناز مشاهده نشد 

- ها نشان دادند در حالي كه تفاوت معنيگليسريد را در مقايسه با ساير گروه% مقادير بالاتري از تري1

داري را در ساير پارامترهاي بيوشيمايي سرم شامل پروتئين كل، آلبومين، گلوبولين، كلسترول و گلوكز 

رتيزول (پاسخ اوليه) و . به منظور ارزيابي پاسخ به استرس حاد، ميزان كو(P > 0.05)نشان ندادند 

هاي ثانويه) سنجش شد. نتايج بيانگر هاي سديم، پتاسيم و كلسيم سرم (پاسخگلوكز و غلظت يون

ساعت پس  48برداري، تا هاي نمونههاي مورد بررسي در خلال زماندار در تمامي پارامترتغييرات معني

% نوكلئوتيد و ميزان كورتيزول 1غذيه شده با از اعمال استرس بود. با اين وجود، ميزان گلوكز در گروه ت

توان بيان داشت كه استفاده از و كلسيم سرمي در گروه شاهد بدون تغيير باقي ماند. براساس نتايج مي

كمان شود اما ماهي رنگيننوكلئوتيد افزوده شده به جيره شايد بتواند منجر به بهبود عملكرد كبد در گربه

  پارمترهاي سرمي و پاسخ به استرس در اين گونه است.  فاقد تاثير مشخص بر ساير

 
 


