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SUKSAN KUMKHONG : EFFECT OF NUTRITIONAL PROGRAMMING
OF DIETARY ENERGY SOURCES ON LONG-TERM METABOLIC
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NILE TILAPIA/NUTRITIONAL PROGRAMMING/GLUCOSE INJECTION/

EARLY FEEDING/GENE EXPRESSION/GLUCOSE METABOLISM

This study aims to investigate the effect of nutritional programming of dietary
carbohydrate, an energy source, on long-term glucose metabolic pathway in Nile
tilapia (Oreochromis niloticus). First, in experiment I, the molecular adaptation of the
glucose metabolism was investigated by feeding Nile tilapia with 3 different levels of
carbohydrates including 0% 30% and 50% dextrin for 90 days. The best growth
performance was found for fish fed 30% dextrin containing diet (P<0.05). Increased
hepatic and muscle glycogen, hepatic somatic index, plasma metabolites, mMRNA
levels for glucose transporter in muscle and down-regulation of amino acid catabolism
(P<0.05) mRNA levels was linked to the increased dietary carbohydrates.

The concept of nutritional programming was explored in two different
nutritional intervention stimuli. In experiments IlI-11l, a nutritional stimulus was
accomplished by microinjecting 2M glucose into yolk reserves. At 1 week post-
injection, glucose stimuli were associated with the up-regulation of genes involved in
glycolysis, glucose transport and down-regulation of genes related to gluconeogenesis
and amino acid catabolism (P<0.05). These effects were able to later observed in
juvenile fish but not in adult fish. The effects of the glucose injection stimulus history

were also examined in fish fed with two different dietary carbohydrate levels. The
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early glucose injection led to up-regulation of glycolytic enzymes and glucose
transporter as well as lower gluconeogenic gene expression (P<0.05) in juvenile fish.
In adult fish, the early glucose stimulus enhanced the expression of lipogenesis,
glycolysis and gluconeogenesis. The early glucose stimulus was associated with better
growth performance of juvenile fish but not in adult fish. These nutritional
programming effects were associated with DNA hypomethylation in the liver and
muscles in juvenile fish. For experiment 1V, early nutritional intervention stimulus
was achieved by feeding fry with high carbohydrate diet since first feeding for 4
weeks. Our findings indicated that high carbohydrate stimulus diet-fed fry had lower
levels of mRNA for genes coding enzymes in gluconeogenesis and amino acid
catabolism and higher levels of hk2 (P<0.05). Finally, experimental fish were
challenged with different dietary carbohydrate levels. The early high-carbohydrate
stimulus had significant effects on adult tilapia by 1) promoting efficient use of
glucose, which had protein-sparing effects for better growth, 2) inducting lipogenesis,
and 3) decreasing amino acid catabolism. In conclusion, early glucose injection and
high carbohydrate diet feeding were effective for positive nutritional programing of
metabolism. Early hyperglucidic stimuli are linked to a better ability to use glucose, to
induce lipogenesis, and to suppress amino acid catabolism, leading to the improve of

growth performance in Nile tilapia.
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