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Aims of the study:Aims of the study:yy

To develop a vitamin A enrichment technologyTo develop a vitamin A enrichment technologyTo develop a vitamin A enrichment technology To develop a vitamin A enrichment technology 
based on the use of liposomes. based on the use of liposomes. 
To evaluate the effect of different vitamin ATo evaluate the effect of different vitamin ATo evaluate the effect of different vitamin A To evaluate the effect of different vitamin A 
dietary levels on fish development, in terms of dietary levels on fish development, in terms of 
optimal growth, and incidence of skeletal optimal growth, and incidence of skeletal 

lflfmalformations.malformations.
To provide an insight into dietary larval To provide an insight into dietary larval 

i ti trequirements.requirements.
To study the relative mRNA gene expression To study the relative mRNA gene expression 
abundance of RBP RALDHabundance of RBP RALDH22 LRAT STRALRAT STRA66 duringduringabundance of RBP RALDHabundance of RBP RALDH22, LRAT, STRA, LRAT, STRA6 6 during during 
Sea bream larval morphogenesisSea bream larval morphogenesis,,



MetabolismMetabolism

Mari Moren 2004



Mate ials and methodsMate ials and methodsMaterials and methodsMaterials and methods
DietsDiets: : 

Artemia andArtemia and  rotifers enriched with increasing vitamin A levels rotifers enriched with increasing vitamin A levels 
with liposomes.with liposomes.

Larval performanceLarval performance::Larval performanceLarval performance::
Measurement of Measurement of optimal growth and survival rate.optimal growth and survival rate.

AnalysisAnalysis::
HPLCHPLC -- vitamin A analysisvitamin A analysisHPLC HPLC -- vitamin A analysis. vitamin A analysis. 
Gas Chromatography Gas Chromatography –– fatty acids analysis.fatty acids analysis.
X RAY analysis for bone deformation. X RAY analysis for bone deformation. 
Potthoff stain for cartilage and bone formation.Potthoff stain for cartilage and bone formation.Potthoff stain for cartilage and bone formation.  Potthoff stain for cartilage and bone formation.  

Gene expressionGene expression::
SemiSemi--quantitative RTquantitative RT--PCR for RALDHPCR for RALDH22, LRAT, STRA, LRAT, STRA66  andand  
RBP expression.RBP expression.RBP expression.RBP expression.
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The pattern of use and accumulation of vitamin A isoforms in rotifers (B. 
rotundiformis) , as a function of its concentration in the culturing medium, after 
6 hours of enrichment (a) Vitamin A accumulation in the rotifers (b) Vitamin A6 hours of enrichment. (a) Vitamin A accumulation in the rotifers. (b)  Vitamin A 
isoforms distribution in the rotifers. (Statistical analysis: Retinol- a-b, Retinyl 
acetate- A-B, Retyinl palmitate- * - ***). 
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Artemia nauplii enrichmentArtemia nauplii enrichment
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The pattern of accumulation of vitamin A isoforms in artemia nauplii as a function 
of its concentration in the culturing medium, after 8 hours of enrichment. (a) 
Vit min A m l tion in temi n plii (b) Vit min A i ofo m di t ib tion inVitamin A accumulation in artemia nauplii. (b)  Vitamin A isoforms distribution in 
artemia naplii after the above conditions. (Statistics: Retinol  - a-b ,Retinyl acetate  - 
A-D).
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Materials and methodsMaterials and methods
Experimental systemsExperimental systems



Early larval bodily accumulation of vit A and Early larval bodily accumulation of vit A and 
itit’’s isoformss isoforms
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The relationship between rotifers vitamin A  content on larval body accumulation of p y
Vit A and  its isoforms in 19 dph sea bream larvae, (Sparus aurata) after 15 days 
of feeding (4-19 DPH). (a) Vitamin A accumulation in 19 dph larvae. (b) Vitamin A 
isoforms distribution in the larvae. (Statistics: A-B Retinyl accetate, a-c Retinol). 
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The relationship between vitamin A content in rotiers and artemia to the 
accumulation and  isoforms distribution of this vitamin in 34 dph sea bream 
(Sparus aurata) larvae, after 30 days of feeding (4-34 DPH) with rotifers and ( p ) , y g ( )
artemia containing increasing vitamin A levels. (a) Vitamin A accumulation in 34 
DPH larvae. (b) Vitamin A isoforms distribution in the 34 DPH larvae.(Statistics: 
a-c - Retinol, A-B - Retinyl acetate, *-** -Reyintl palmitate).



The effect of dietary Vit. A supplementation on The effect of dietary Vit. A supplementation on 
late larval performance: Lengthlate larval performance: Length
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metamorphosis. (Statistics: A-B: 4-19 DPH, α-β: 20-34 DPH, a-b: 4-34 DPH)



The effect of The effect of larval dietary vit. Alarval dietary vit. Ayy
supplementation on supplementation on latelate skeletal skeletal 

deformities in seabream fingerlingsdeformities in seabream fingerlingsdeformities in seabream fingerlingsdeformities in seabream fingerlings



Types of skeletal deformitiesTypes of skeletal deformities



X ray analysisX ray analysisy yy y
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Skeletal stainingSkeletal staining



Gill deformities and swimbladder inflationGill deformities and swimbladder inflation
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deformity, α-β: non inflated swim bladder, a-b: undamaged fingerling) 



Skeletal deformitiesSkeletal deformities
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The relationship between vitamin A body content in seabream larvae at 3 different 
time periods during the larval metamorphosis on relative presence of skeletal 
deformities in 115 dph fingerlings (Statistics: A-D: 4-19 DPH α-γ: 20-34 DPH a-c:deformities in 115 dph fingerlings. (Statistics: A D: 4 19 DPH, α γ: 20 34 DPH, a c: 
4-34 DPH). 



Cranial deformitiesCranial deformities
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The relationship between vitamin A body content in seabream larvae at 3 different 
time periods during the larval metamorphosis on relative presence of cranial p g p p
deformities in 115 dph fingerlings. (Statistics: A-D: 4-19 DPH, α-γ: 20-34 DPH, a-
c: 4-34 DPH). 
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STRA6 expression in adult tissues Relative abundance of STRA6STRA6 expression in adult tissues. Relative abundance of STRA6 
determined by semi-quantitative RT-PCR, with 18S to normalize quantity 
of total RNA in the different tissues. Tissues: TZ, thyroid zone; C, 
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ConclusionsConclusions
This study developed a This study developed a vitamin A enrichment technologyvitamin A enrichment technology
based on the use of liposomes.based on the use of liposomes.

No relationshipNo relationship was found between the relative presence was found between the relative presence 
of of opercular deformities or swim bladder presenceopercular deformities or swim bladder presence and and 
dietary vitamin Adietary vitamin Adietary vitamin A.dietary vitamin A.

This study demonstrated that during the first stages of the This study demonstrated that during the first stages of the 
t h i (t h i (44 1919 DPH) hi h di t l l f it iDPH) hi h di t l l f it imetamorphosis (metamorphosis (44--19 19 DPH) higher  dietary level of vitamin DPH) higher  dietary level of vitamin 

A caused a A caused a high number of cranial deformationshigh number of cranial deformations, while , while 
during the late stages of the metamorphosis (during the late stages of the metamorphosis (2020--34 34 DPH) DPH) 

t l l f it i A dt l l f it i A d hi h b fhi h b fextreme level of vitamin A caused a extreme level of vitamin A caused a high number of high number of 
abnormal vertebrae.abnormal vertebrae.

These results indicate that in These results indicate that in Sparus aurataSparus aurata larvae the larvae the 
effect of vitamin A is effect of vitamin A is development stage specificdevelopment stage specific..



ConclusionsConclusions
The relative mRNA gene expression abundance ofThe relative mRNA gene expression abundance ofThe relative mRNA gene expression abundance of The relative mRNA gene expression abundance of 
RALDHRALDH22, LRAT, STRA, LRAT, STRA66 was found to be higher during the was found to be higher during the 
first first 3 3 weeksweeks of Sea bream larval morphogenesis. of Sea bream larval morphogenesis. p gp g

STRASTRA66, a multi, a multi--transmembrane domain protein, is transmembrane domain protein, is widely widely ,, p ,p , yy
expressed in embryonic developmentexpressed in embryonic development and in and in adultadult ovaryovary
which emphasizes the importance of vitamin A in the which emphasizes the importance of vitamin A in the 
maternal yolk sac and during the embryonic developmentmaternal yolk sac and during the embryonic developmentmaternal yolk sac and during the embryonic development.maternal yolk sac and during the embryonic development.

The level of vitamin A that is associated with theThe level of vitamin A that is associated with the bestbestThe level of vitamin A that is associated with the The level of vitamin A that is associated with the best best 
performance in terms of growth promotion and reduced performance in terms of growth promotion and reduced 
rate of deformitiesrate of deformities is within the range of is within the range of 00..55--33..9 9 μg μg gg μgμg
retinoid/gr wwretinoid/gr ww in the live food and in the live food and 00..4 4 μg retinoid/gr ww μg retinoid/gr ww 
in the larvaein the larvae
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