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Introduction
Studies with several species of fishes have shown that these animals are able to adapt to long periods without food, because they can use glucose from hepatic glycogenolysis and gluconeogenesis, free fat acids (FFA) from lipids mobilization and aminoacids from skeletal muscle protein degradation, for energy supply. However, these metabolic processes are not well known in tilapia, a teleost Brazilian fish of sweet water river. 

There is also very few studies about the regulation of skeletal muscle protein synthesis and degradation in fishes. The control of these processes is very important for caloric homeostasis, since the skeletal muscle represents about 60% of fish body weight.

It has been demonstrated in mammals skeletal muscle the presence of four proteolytic pathways: 1)lysosomal; 2)Ca++dependent; 3)ATP-Ubiquitin-dependent and 4)ATP-independent or residual.

These proteolitic pathways have been studied in in vitro incubated skeletal muscle of rat and chick, in appropriated conditions with different buffers and specific inhibitors. The utilization of this technique for studying fish skeletal muscle protein metabolism could allow a better comprehension of muscle protein turnover and its regulation in teleosts.

Than, the objectives of the present work are to investigate in tilapia the effect of two periods of fasting on skeletal muscle protein degradation and also on blood glucose, FFA and lactate levels, hepatic lipids and glycogen (hepatic and muscular) content.

These measurements can contribute for the knowledge of tilapia energetic metabolism adaptation to situation of food restriction.

Material and Methods

Tilápias (Oreochromis niloticus) males, (350-450g) were obtained from Aquaculture Center, Usina São Geraldo-Sertãozinho-SP-Brazil. The fishes were kept in aquaria of 250L (10fishes/aquaria), in 12:12h(light:dark) photoperiod, controlled temperature of 28oC. One group of fishes was daily fed with commercial food, 2% body weight, and other two groups were kept without food for 15 and 35 days.

To determine the rates of proteolysis the fishes were killed by medullar section and submandibular muscles Protractor hyoidei were rapidly dissected, and incubated at resting length by pinning their tendons on acrylic support in Krebs-Ringer bicarbonate buffer, pH7,4, 37oC equilibrated with 95%O2:5%CO2, containing glucose(5mM).

Rates of protein degradation are measured by tyrosine release of incubated muscles. This amino acid is neither catabolized nor synthesized de novo by muscle, and it is easily quantified by fluorimetric method. 

Hepatic glycogen (Carrol et al., 1955) and lipids (gravimetric method), blood glucose (Bergmeyer et al., 1974), FFA (Dole et al., 1960) and lactate plasma levels (Clark et al., 1984) were also determined.

Statistical analysis employed the paired Student’s t-test for comparison between contralateral submandibular muscle of the same fish and unpaired Student t-test for the different groups of fishes. Data presented are means±SEM. 

Results
The overall rate of protein degradation in the muscle Protractor hyoidei of fed tilapias was 0,182(0,005nmol tyrosine.mg-1.2h-1. By 15-days fasting, total proteolysis was still high, but after 35-days of food deprivation these levels decrease to 0,131(0,007nmol tyrosine.mg-1.2h-1(P<0,01)(Table1).

The glycemia of fed tilapias is similar to other fish species (about 70(5mg/100mL), and when the animals were maintained without food the glycemia was reduced (P<0,01) after 15-days to 47(5mg/100mL and after 35-days to 39(4mg/100mL(Table1).

Conversely, plasma FFA increased (P<0,05) during fasting; the concentration of these metabolites reaching values approximately 60% higher of fed animals values after 35-days without food(Table1).

The concentration of liver glycogen, which is relatively high in fed tilapia (approximately 15%) decreased (P<0,01) during starvation. After 15-day fasting the reduction in liver glycogen concentration was marked. However, in fish 35-day fasting the liver still contain about 50% of glycogen stores of fed fish. Conversely, the concentration of liver lipids during fasting periods was 50% higher of those of fed animals (P<0,05)(Table1).

The muscle glycogen content of fed tilapia (0,5%) was very low and was kept at the same values on different periods of fasting. However, plasma concentration of lactate in fasted fish shows a decreased compared with fed animals.

The oxygen level of aquaria water was 3-5mgO2/L of water and pH5,6-7.3.

Table 1: Metabolic parameters in fed and fasting Oreochromis niloticus.

 
 
Fasted


Fed
15 days
35 days

Total proteolysis (nmol tyr.mg-1.2h-1)
0,182 ± 0,005
0,196 ± 0,014
0,131 ± 0,007*

Glycemia (%)
70 ± 5
47 ± 5*
39 ± 4*

Glycongen (%) 
hepatic
15,00 ± 0,97
8,16 ± 1,16*
8,86 ± 1,01*


muscle
0,49 ± 0,06
0,47 ± 0,02
0,47 ± 0,17

FFA (mol/mL)
0,34 ± 0,03
0,48 ± 0,05**
0,54 ± 0,03**

Hepatic lipids (%)
10,8 ± 1,4
26,6 ± 4,2**
25,5 ± 4,7**

Lactate (mol/mL)
0,42 ± 0,09
0,25 ± 0,06  
0,26 ± 0,09 

* (P<0,01); ** (P<0,05); fasted versus fed fishes.

Conclusions

The fall on muscle protein degradation after long period of fasting reflect an important metabolic adaptation, probably to preserve muscle protein for animal survival.

The FFA plasma levels during starvation are similar to that of mammals, except of the fact that, in tilapias, the changes are much slower to appear. The increase in plasma FFA levels is probably due to hydrolysis of triacylglicerol stored in mesenteric adipose tissue, since this tissue lost weight during fasting.

Interesting was the big increase of hepatic lipid content during fasting (about 2,5times higher that fed fishes). These values are at least 2 times higher than is normally observed in liver of fasted mammals.

Fed tilápias show high levels of hepatic glycogen. After fasting, despite a decrease of 50%, hepatic glycogen content is still high, compared to mammals. 

Could this finding be due to low hepatic glycogenolysis capacity? Could this process associated with low gluconeogenesis activity in this fish explain the decrease in glycemia during fasting? This hypothesis needs further experiments.
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