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Intestinal steatosis in the farm-reared sea bass 
Dicen trarch us la brax 
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ABSTRACT: Light microscopy, scanning and transmission electron microscopy were used to study the 
anterior intestine of the sea bass Dicentrarchus labrax L., involved in lipid absorption. In the first part of 
the study, intestinal morphology of control feral fishes was described and lipid absorption through the 
intestinal mucosa was defined by comparing starved and fed individuals. In the second part, similar 
investigations were made on specimens reared on artificial food. These show injuries of the mucosa, 
ranging from simple impairment of enterocytic striated border to cellular necrosis and abrasion. The 
severity of injuries was related to the extent of lipid overloading within the mucosa. This overloadng 
was mainly represented by abundant lipid droplets in epithelial cells, and by the accumulation of 
numerous and large lipid granules in interenterocytic spaces and in the lamina propria. Possible 
influences of artificial feed on this digestive pathology are discussed from quantitative and qualitative 
points of view. 

INTRODUCTION 

To meet economic demands and obtain greater cost- 
effectiveness, most fish breeders resort to intensive 
farming techniques, using commercial granulated feed 
as sole food source. Considering the importance of 
nourishment in attaining ideal growth, the success of 
such, farms is highly related to a careful choice of food. 
The nutritional requirements of certain freshwater 
species such as trout are now relatively well known, 
notably with respect to the lipid fraction, b'ut the same 
cannot be said of marine species. Ignorance of specific 
food requirements leads to the use of unsuitable food 
and is the source of various degrees of abnormality, as 
reported in certain farm-bred fishes. The studies by 
Eckmann (1985) on Coregonus sp. and by Segner et  al. 
(1987) on Chanos chanos revealed intestinal his- 
topathology of larvae combined with malnutrition. In 
fish, most of these abnormalities have been studied in 
the liver (Bac et al. 1983, Storch et al. 1984, Segner 
1985), and have consistently suggested disturbances in 
lipid metabolism. In mammals, Snipes (1968) has at- 
tributed profound changes in the epithelial cells of the 
jejunum to defective fat absorption related to dietary 
deficiencies in essential fatty acids. 
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For several years we have participated in the sanitary 
inspection of immature farm-bred fish of the 0+ class 
(less than l yr old), an age generally considered by 
fish-breeders as a critical period of life. We have often 
observed lesions in these fish's digestive mucosa, 
whose causes and consequences are still difficult to 
assess. Preliminary research on some of the lesions has 
been carried out in sea bream Sparus auratus (Diaz et 
al. 1987). The purpose of the present work on sea bass 
Dicentrarchus labrax, a carnivorous fish with stomach, 
was to study in detail the deterioration of the proximal 
intestine, which is the site of lipid absorption, and to 
relate it as far as possible to disturbances in this phase 
of digestion. Many studies in mammals, particularly in 
humans, have shown links between histopathologies of 
the intestinal epithelium and natural or induced distur- 
bances in fat digestion and absorption (Sabesin & Issel- 
bacher 1965, Dobbins 1966, Shimoda et al. 1968, Rubin 
1971, Ament et al. 1972, Friedman & Cardell 1977, 
Takahashi & Mizunuma 1984). 

MATERIALS AND METHODS 

Immature farm-bred sea bass Dicentrarchus labrax 
L. ,  less than 1 yr old (0+) ,  but with an adult-like alimen- 
tary tract, were provided by the IFREMER station at 
Palavas (Herault, France). Raised in cages submerged 
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in the Prevost lagoon, they received an artificial feed 
containing 12 % l~p id ,  chiefly fish oil. (Brichon pers. 
comm.) distributed manually Twenty farm-reared fish 
were studied from September to December Their 
standard body lengths ranged from 88 to 178 mm; total 
body weight ranged from 13.2 to 98.2 g. Seven control 
specimens living in natural environment, and of the 
same length and weight groups as the reared fish, were 
captured in October and November with fishing lines 
near Sete and Palavas. To obtain va.lid comparisons 
with the fish raised and fed in cages, we  selected 
controls whose digestive tract was filled with shrimp 
and fish when they were killed. Some were killed after 
a week of starvation. 

All fish were decapitated and dissected immediately 
after removal from the water, and their intestine was 
fixed on location. Samples of proximal intestine used 
for this work were removed along w t h  the pyloric 
caeca. Material for light microscopy was fixed in 
alcoholic Bouin's fluid and embedded in paraffin. Sec- 
tions were stained with Masson's trichrome. For elec- 
tron microscopy, specimens were fixed with 2.5% 
glutaraldehyde in a 0.1 M cacodylate buffer, pH 7.2, 
followed by postfixation with 1 % osmium tetroxide in a 
0.3 1 Mcacodylate buffer, pH 7.2. Samples for scanning 
electron microscopy (SEM) were dried by the critical- 
point method and metallized. 

For transmission electron microscopy (TEM), 
material was embedded in epon and the ultra-thin 
sections were contrasted with uranyl acetate and bis- 
muth oxynitrate. Sudan Black was used to detect lipids 
in semithin sections. 

RESULTS 

The sea bass intestine was found to be  composed of 2 
specific absorptive regions, anterior and posterior 
Along the anterior intestine (80 % of the total intestinal 
length), which is concerned with lipid absorption, the 
size of the folds and the absorptive surface decreased 
from the proximal to the distal part (not described in 
this work). The posterior intestine (20% of the total 
intesti.na1 length) was principally involved in the 
absorption of protein macromolecules. 

SEM at low magnification revealed the arrangement 
of the folds. The second-order folds, which were convo- 
luted and anastomosed, formed a dense network 
entirely covering the first-order folds (Fig 1). At higher 
magnification, spherical droplets of mucus could be 
seen in slight depressions in the epithelium. Cell 
boundaries were also faintly visible and the mucosal 
surface had a very uniform appearance (Fig. 2). 

Under a light microscope, the intestinal mucosa was 
seen to be composed of a simple prismatic epithelium, 
supported by loose and abundant connective tissue, i.e. 
the lamina propria. Underneath was a layer of compact 
connective tissue, or stratum compactum, in contact 
with muscle tissue and inserted into it by a fine net- 
work of collagen fibers. This stratum projected a cen- 
tral process into the lamlna propna ot each toid; each 
process was tapered at the tip and surrounded well- 
developed venules, arterioles, and lymphatic vessels 
(Fig. 3). 

Ultrastructurally, the enterocyte of the proximal 
intestine of the sea bass (Fig. 4)  was found to corre- 
spond to the classic pattern seen in other fishes. It was 
covered with evenly implanted microvilli, 1 .4  to 2.5 ym 
long; those at the apex of the folds were generally 
shorter than the others. The cytoplasm just underneath 
these microvilli contained only a few pinocytotic vesi- 
cles. Somewhat below, multivesicular bodies could be  
seen, as well as dense elements that were probably 
lysosomal. Spherical and elongated mltochondria were 
numerous at the base and apex of the cell but were 
scarce In the vicinity of the nucleus. Endoplasmic 
reticulum was present at all levels, as well as the 
lamellar structures, invaginations of the baso-lateral 
plasma membrane, whlch are characteristic of fish. The 
Golgi apparatus in the supranuclear region comprised 
several dictyosomes producing vacuoles and vesicles, 
which, in the starved bass, sometimes contained sev- 
eral lipid granules no more than 60 nm in diameter 
(Fig. 5). Identical granules could be seen in the endo- 
plasmic reticulum. The epithelia1 cells lay on a basal 
lamina 0.05 to 0.1 pm thick. 

Lipid transit across the mucosa 

Following the free intake of food in a natural 
environment (which could not be quantitatively asses- 

Proximal intestine of feral bass sed but essentially consisted of small shrimp easily 
identified in the stomach and intestina.1 contents), the 

Mucosal structure mucosa of the proximal intestine contained many 
Sudan-stainable lipid inclusions. These lipids were 

In the feral bass, the mucosa of the proximal lntestlne easy to visualize on semi-thin sections. They could be 
was characterized by a contour consisting of large first- seen in the absorbent epithelial cells, where they 
order folds arranged longitudinally, covered with many formed supranuclear clusters 0.3 to 1.5 pm in diameter, 
smaller second-order folds. ~n the interenterocytic spaces, and m the lamina pro- 
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pria, where they formed thin trails extending from apex 
to the base of the folds (Fig. 6). They completely 
occupied the lumen of the basal lymphatic vessels (Fig. 
8) and were also present between the erythrocytes of 
the neighboring venules (Fig. 7). As in many fishes (see 
'Discussion') ultrastructural study revealed 2 categories 
of lipids in the epithelium: lipid granules, and others 
previously described as stellate lipids or 'free' lipid 
droplets depending on the author. The lipid granules 
were 30 to 110 nm in diameter but values midway 
between these 2 extremes were the most frequent. 
They resembled the VLDL (very low density lipopro- 
teins) of mammals and were located in the endoplasmic 
reticulum, in certain supranuclear vesicles detached 
from the Golgi apparatus (Figs. 9 and 10), and less 
abundantly in the intercellular spaces and lamellar 
structures. It should be noted that the latter were much 
more developed in the nourished fish than in the 
starved fish. Lipid droplets were found rather rarely in 
the enterocytes of the feral fish. They gave the appear- 
ance of clear homogeneous pools, located in the sup- 
ranuclear region or at the very base of the cell, and 
were never larger than 0.5 ym in diameter (Fig. 11). 
Although less frequent, similar structures were found 
among lipid granules in the lamina propria, the inter- 
cellular spaces, and the chyliferous vessels. 

Proximal intestine of cage-reared sea bass 

Deterioration of rnucosa 

The intestinal mucosa of the cage-bred sea bass was 
characterized by a decrease in the number of secon- 
dary folds and often showed changes resulting in a 
very large accumulation of lipids both in the epithelium 
and in the underlying connective tissue (Figs. 12 and 
13). Of the studied fish, 95 % showed such accumula- 
tion of lipids. SEM revealed superficial signs of this 
steatosis, a deterioration showing 3 degrees of severity. 
The first degree corresponded to a disorganization of 
the epithelial surface characterized by a decrease in 
the density of microvilli and a disturbance of their 
arrangement. The enterocytes were of very different 
size and their boundaries were very distinct (Figs. 14 
and 15). In certain regions the microvilli had com- 
pletely disappeared (Figs. 16 and l?) .  In the second 
degree, the cells at  the apex of the folds had become 
hypertrophic a s  a result of fat overloading and had 
separated from one another, leading to the appearance 
of necrotic areas (Fig. 18). The third degree was 
marked by progressive abrasion of the apical enterocy- 
tes, which were gradually eliminated in the intestinal 
lumen. The superficial portion of the lamina propria 
was thus stripped off and lipid droplets of different 

sizes (Figs. 19 and 20) had been released from burst 
cells. Less marked epithelial alterations were also 
detected in the distal part of the anterior intestine. 

Modes of fat overloading 

Transmission electron microscopy provided informa- 
tion on the modes of fat overloading and the changes it 
induced. In the enterocyte, the absorbed lipids 
appeared in 2 forms, as described above for feral fish, 
i.e. granules and droplets. The granules, which were 
about 50 to 400 nm in diameter, resembled the chy- 
lomicrons of mammals. They were contained, singly or 
grouped, in vesicles at all levels of the cell, arising from 
the reticulum or the Golgi apparatus. The lipid droplets 
were subspherical amorphous elements. They resem- 
bled the lipid droplets of the feral fish, but were larger 
(with diameters sometimes exceeding 8 pm) and their 
contour was more even (Fig. 21). The interenterocytic 
spaces (Figs. 21 and 22) and the spaces of the lamina 
propna (Fig. 22) and chyliferous vessels were the site of 
intense lipid accumulation, causing them to dilate. The 
highest magnifications showed the heterogeneity of 
these pools, which resulted from the close juxtaposition 
of different-sized lipid granules (Fig. 22), often associ- 
ated with droplets of diameter not more than 1.5 pm. 

Fat overloading in the intestinal mucosa affected the 
morphology and functioning of the absorbent cells, 
which were subjected to external and internal stresses 
induced respectively by the accumulation of Lipids in the 
cytoplasm and in the intercellular spaces. The height of 
the steatotic enterocytes often exceeded 85 pm, as 
opposed to 40 pm in the feral fish, and they were 
sometimes 3 times wider than normal (12 pm instead of 
4 pm). The displacement of the organelles caused by the 
development of lipid droplets was accompanied by a 
large decrease in the number of mitochondria, a disor- 
ganization of the Golgi apparatus, a regression of the 
rough endoplasmic reticulum, and in extreme cases, 
nuclear degeneration. The lamellar structures were less 
developed than in the feral bass and occasionally 
appeared to form basal stacks of membranes (Fig. 21). 
The microvilh decreased in height and eventually dis- 
appeared. As mentioned above, the enterocytes at  the 
apex of the folds were the most degraded, containing 
lipids mostly in droplet form. 

DISCUSSION 

To assess the impact of farming conditions, specifi- 
cally artificial feed, on the proximal intestine of the sea 
bass, we first investigated the characteristics of this 
region of the digestive tract in feral specimens. Lipid 





Figs. 1 to 11 (continued). Flg. Sudan-stained semi-thin secbon with dark absorbed lipids. These hpids occur as grains (LG) in the 
supranuclear area of enterocytes. They are not very abundant in interenterocytic spaces (IS). In the lamina propna (LP) they form a 
kind of thin trail of infiltration. ( X  1500) EI Semi-thin section of a ven.ule In the stratum compactum (SC). Sudan-stained 
elements are ~ l s ib le  between erythrocytes (arrows) ( X  1100). Flg. Semi-thin seclon of a lymphatic vessel in the stratum 
compactum: its fat contents are strongly Sudan-stained ( X  1100). Fig. Ultrastructure of the apical part of an enterocyte dunng 
hpid absorption. In the supranuclear area Golgi vacuoles (GV) are numerous They correspond to dark-stained grains of Fig. 6. Fat 
contents of these vacuoles consist of small-sized particles Similar particles are also present In the developed and enlarged 
endoplasmic reticulum (ER). LS: lamellar structure; MV microvilli. TW terminal web ( X  15000) Fig 10. Detall of a &ctyosome 
(D) containing VLDL-like lipoproteins (L) 30 to 100 nm In diameter (x44000) Fig. 11. Detail of 'free lipid droplets (LD) 

encountered in the basal pole of an enterocyte. They are scarce and generally mall-sized in fed feral fish Ix 36 000) 



Rgs. 12 to 22 Djcentrarchus labrax Antenor rn tesue  of reared sea bass Fig 12 Transverse seml-thin sectron of a fold stained 
with Sudan-black The epithelium (E] and underlying connective tissue (CT) are affected by a medmm-marked llprd overload~ng 
Scarce secondary folds. In a parallel direcbon w t h  the sechon, are less vlslble than those of feral frsh (compare with Fig 3). 
(X 500) Fig 13. H~gher  magnif~cahon of the top of a fold. in cornpanson with the wdd bass (see Rg. 6), hpids are far more 
abundant In absorbing cells, they pmcipally mnwst of bulky droplets (LD) In rntercellular spaces (IS) llplds sometunes form very 
large pools (*) Note the presence of diijoined enterocytes in the aplcal part of the fold (arrow) ( X  1500). Fig 14 Steatot~c 
eprthellum rn the first degree of seriousness observed vnth SEM. Remark the presence of disordered r m c r o ~ U ~  (MV) and the 
formation of large spaces between the striated borders (arrow) ( ~ 2 3 0 0 ) .  Fig. 15. Apex of steatotrc ep~thellocytes m the first degree 
of severity, observed w t h  TEM Note decrease In denstty of rnicrovilh (MV) (compare with Fig 5), and presence of fat droplets 
(LD) ( X  8200) Flg. 16. Other aspects of the dlsorganizatlon of the eplthelial surface, observed wth SEM, and characterized by 
areas devoid of m ~ c r o d h  (arrows). ( X  9000). Fig. l?. Prevlous anomaly observed wth TEM, showing a fusron of rmcrovilli (arrow) 

and the presence of an area devold of these processes GZ: glabrous zone. (X  8200) 



Figs. 12 to 22 (continued). Fig. 18. SEM of steatotic epithelium in the second degree of severity. The apical enterocytes of these 
second-order folds (F2) are disjoined (arrows). ( X  320). Fig. 19. SEM view of a steatotic epithelium in the third degree of severity. 
The stripping of the lamina propria (arrows), at the apex of primary and secondary folds ( F l ,  F2). results from a marked cellular 
abrasion. Note the simplification of the second-order folds (compare with Fig. 1) .  ( X  170). Fig. 20. Higher magnification of a 
secondary fold of specimen in Fig. 19, where enterocytes (En) can be distinguished. Observe the presence of lipid droplets (LD), 
released from burst cells. ( X  630). Fig. 21. Ultrastructure of steatotic enterocytes in the second degree of severity. Lipid droplets 
(LD) and 1ipoprotei.c particles (L) are very abundant everywhere in the cytoplasnl. Lipoproteic particles are contained, singly or 
grouped, in Golgi or retlculum vesicles (Inset [ X  14 5001). One of them reaches 350 nm in diameter (arrow). Intercellular spaces (IS) 
are also affected by the fatty overloading: they are abnormally and strongly enlarged at the bottom of the epithelium. 
Undeveloped lamellar structures (LS) are stackcd in the right-side of the micrograph. ( X  3600). Fig. 22. Aspect of the lamina 
propria (LP) overloaded with lipoproteic pdrticles (L) of heterogeneous sizes. Above the basal lamina (BL), the bottom of some 

enterocytes (En) and intercellular spaces (IS) can be seen. ( X  4600) 
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transit across the intestinal mucosa was examined fol- 
lowing the intake of strictly natural food both in terms 
of its origin and its quantitative and qualitative com- 
position, which depends on selection by the fish. 
Despite the absence of precise data on the quantity of 
food ingested and the date of last feed, the feral bass 
constituted a n  authentic control affording optimal con- 
ditions for evaluating the pathological state of the 
cage-bred bass. 

The enterocyte of the proximal intestine of the sea 
bass closely resembles that of other species, such as 
Carassius auratus and Salmo irideus (Yamamoto 1966), 
Cyprinus carpio, Tinca tinca and Perca fluviatilis 
(Noaillac-Depeyre & Gas 1974, 1976, 1979) and 
Ctenopharyngodon idella (Stroband & Debets 1978). It 
contains 2 categories of lipids, i.e. granular and 'stellate 
lipids' ('lipides etales') or 'free' lipid droplets, as previ- 
ously reported for Salmo gairdneri (Bergot & Flechon 
1970a, b, Sire & Vernier 1981), Cyprinus carpio, Tinca 
tinca and Perca fluviatjlis (Noaillac-Depeyre & Gas 
1974, 1976, 1979). As concluded by Sire e t  al. (1981) for 
trout, the lipid granules in sea bass, whose diameter 
was  less than 100 nm, clearly correspond to VLDL 
comparable to those in mammals. The localization of 
these lipoproteins in the enterocytes and  their immedi- 
ate environment resembles the classic pattern of fat 
absorption. Certain of these granules appeared to be 
synthesized in the cavities of the endoplasmic 
reticulum, and accumulated in the saccules of su- 
pranuclear dictyosomes where vacuoles were released, 
sometimes attaining 1.5 pm in diameter. The VLDL- 
like granules reached the interenterocytic spaces via 
the GoIgi apparatus or directly from the endoplasmic 
reticulum. This transfer was probably facilitated by the 
laterobasal 'lamellar structures' characteristic of fish, 
which were much more numerous in the nourished fish 
than in the starved fish. This implies that membrane 
synthesis occurs in the enterocyte. The transit to the 
lamina propria was clearly very rapid, considering the 
low concentration of lipoproteins between the 
enterocytes. The reduced size of the granules presum- 
ably contributed to the speed of their evacuation, by 
favoring fluidity in the interstitial medium and passage 
through the basal layer. 

The presence of lipid droplets, which remained 
limited in the feral bass, may indicate temporary stor- 
age  of fatty acids in the form of triacylglycerols, as 
suggested by Bergot & Flechon (1970b) for trout. In 
contrast, the absorbent cells in the proximal intestine of 
the cage-bred bass were the site of fat overloading, 
related essentially to the existence i.n the cytoplasm of 
bulky lipid droplets, as well a s  to the increase in the 
number and size of lipoprotein granules, whose diame- 
ter sometimes reached 400 nm. 

As mentioned above, the homogeneous Lipid inclu- 

sions, vanously called 'stellate lipids' or 'free' lipid 
dropiets, are generally considered to be forms of tem- 
porary storage of excess fatty acids. Noaillac-Depeyre 
& Gas (1976) attributed their formation in tench to 
deficient activity of the endoplasmic reticulum or to 
insufficient protein synthesis. Stroband & Debets 
(19?8), who observed in grass carp Ctenopharyngodon 
idella that the cells at  the apex of the folds were more 
enriched in Lipid globules than the others, proposed 2 
explanations for the phenomenon: either the enterocy- 
tes farthest from the basal renewal zones have aged 
and  can no longer assure the transfer of the l ip~ds  they 
absorb, or their position and physiological state favor 
increased absorption of fats, which causes overloading. 
Sire & Vernier (1981) considered that the degree of 
fatty acid unsaturation has an  intluence on the 
development of 'free' lipid droplets. Whatever causes 
the appearance of these stored Lipids, their abundance 
in fish has never been considered to be a precursor of a 
pathological state. This cannot be said of the cage-bred 
sea bass, however, whose intestinal mucosa showed 
several degrees of degeneration due to hypertrophy 
and fatty degeneration of the enterocytes. 

Cases of steatosis comparable to that of sea bass have 
been described in mammals, particularly in humans, in 
conjunction with a disturbance or deficiency of chy- 
lomicron synthesis and evacuation from the enterocyte. 
In human pathology, multiple causes have been found 
for this disturbance: defective protein synthesis in con- 
genital lipoprotein-B deficiency (Dobbins 1966), struc- 
tural and functional deterioration of absorbent cells in 
response to gluten intolerance during celiac disease 
(Rubin 1971), and enterocytic dysfunction resulting 
from insufficient formation of micelles during small- 
intestinal stasis syndrome (Ament et  al. 1972). In 
healthy animals, fat overloading h.as been observed in 
immature or senescent duodenal epitheliocytes of the 
suckllng rat (Berendsen & Blanchette-Mackie 1979), in 
the distal region of the small intestine of the adult rat 
(Sabesin et al. 1975) , and in the colon of the mouse 
(Snipes 1977). In these 3 cases. the enterocytes 
involved were characterized by their low natural 
capacity to synthesize lipoproteins and to export them. 
It should also be mentioned that experimental inhibi- 
tion of protein synthesis in mammals results m an 
enlargement of enterocytic chylomicrons (Glickman et  
al. 1972) and to extensive development of l~p id  droplets 
(Sabesin & Isselbacher 1965, Friedman & Cardell 1972). 

It thus appears that in fish and mammals, under 'both 
normal and pathological conditions, deficient lipopro- 
tein synthesis is closely related to the accumulation of 
'free' lipid droplets. This conclusion is difficult to apply 
to the cage-bred sea bass, because of the abundance of 
lipoprotein granules in its intestinal mucosa. However, 
we found that these granules were large and had a 
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tendency to aggregate and form areas remaining in the 
enterocyte itself, the interenterocytic spaces, and all 
levels of the lamina propria. It is possible that the size of 
these Lipoprotein granules impedes their evacuation, 
contributes to their aggregation, and thereby leads to 
an accumulation of triacylglycerols in the absorbent 
cells. The evacuation defect and consequent overload- 
ing are concomitant with general lipid saturation of the 
organism, which is dramatically expressed as liver 
steatosis and hyperdevelopment of the adipose tissue. 

Obviously the primary cause of these phenomena is 
the inadequacy of the artificial food used in fish-farm- 
ing, since sea bass specimens reared on natural feed, in 
the same environmental conditions, did not show any 
lipid overloading. Based on comparisons with trout, it 
would appear that the food is unbalanced with respect 
to the lipid fraction. For example, Bauermeister et al. 
(1979) observed that the enterocytes of trout nourished 
with marine zooplankton synthesize VLDL-like partic- 
les, sometimes grouped in conglomerates, and chy- 
lomicrons of medium size, but never 'free' lipid drop- 
lets. In the same species, a balanced diet results in the 
synthesis of VLDL and small chylomicrons (Sire et  al. 
1981), whereas a diet with excess Lipids, comprising a 
large proportion of highly polyunsaturated fatty acids, 
is followed by the formation of large chylomicrons and 
the temporary appearance of 'free' lipid droplets (Sire 
& Vernier 1981). In trout given food that differs to 
varying extents from natural food, morphological 
differences occur which are very similar to those 
observed in the feral and cage-bred sea bass. But 
although the intestinal mucosa of the experimental 
trout recovers normalcy after several hours, the 
enterocytes of caged sea bass are unable to evacuate 
their lipids, which leads to steatosis and ultimately to 
epithelia1 abrasion. 

It thus appears that a persistent unsuitable diet is the 
cause of this digestive pathology. The unsuitability can 
be attributed to excessive fatty acids in the artificial 
feed, to excessive feeding facilitated by the consistency 
of the feed, which is abundantly provided, or to a 
deficiency in certain elements that are indispensable 
for the proper assimilation of lipids. For instance, it is 
well known that lecithins are important in the solubili- 
zation, absorption, and transport of fats in the mamma- 
lian intestine (O'Doherty et  al. 1973, Rodgers 1975, Tso 
et al. 1977). One of lecithin components, choline, plays 
an essential role in lipid metabolism. Choline opposes 
fatty infiltration of the liver in the trout (Ketola 1976) 
and its insufficiency causes lipid droplets to appear in 
rat enterocytes (Takahashi & Mizunuma 1984). In car- 
nivorous fishes such as the sea bass, lecithins origina- 
ting from the digestion of prey may facilitate the 
assimilation of fats. In contrast, cage-bred fish may lack 
lecithins and choline, and it is possible that this defi- 

ciency adds to the negative effects of the dietary excess 
mentioned above. 

On the other hand, a possible toxicity of the artificial 
food, related to lipid oxidation, might affect the intesti- 
nal cell functions. However, the manufacturers warrant 
the good conservation of their product containing C 
and E vitamins. Thus, a toxic effect due to lipid rancid- 
ness is unlikely to occur. 

Another factor to consider is the simplification of the 
intestinal contours following regression of the secon- 
dary folds in the cage-bred sea bass. This situation may 
coincide with a decrease in the number of regeneration 
sites in the epithelium, slowing the renewal of tissue, 
and resulting finally in cell aging. Older enterocytes 
would then have difficulty in assuring the transfer of 
fats in the form of chylomicrons, and they would 
become stored elements. The oldest cells, i.e. those at 
the apex of the folds, were indeed found to accumulate 
a maximum of lipid droplets. 

It should lastly be noted that the specimens with 
intestinal steatosis showed the same anomaly in the 
liver. Structural and functional disturbances of 
hepatocytes, as described by Bac et al. (1983), may 
impede the production of bile or diminish its quality, 
thereby negatively affecting intestinal lipid absorption. 
This hypothesis is supported by the observations of 
Langille & Youson (1985) in adult lamprey, which does 
not evacuate bile into the intestine and whose enterocy- 
tes are packed with lipid droplets after feeding. 

Thus, there are many possible causes for degenerative 
intestinal steatosis in the cage-bred sea bass. This 
pathological condition does not appear to be a cause for 
alarm, in view of the low mortality associated with it, but 
its total harmlessness still needs to beverified. A deterior- 
ated intestinal mucosa no longer plays an effective role as 
a selective barrier. Certain molecules can penetrate the 
internal medium and provoke indirect disturbances that 
may be unfavorable to the human consumer. Moreover, 
the decrease in absorptive capacity could lead to feed 
wastage that is unprofitable to the breeder. Only long 
and rigorous experimentation will allow a clear determi- 
nation of the factors responsible for this condition, and 
provide the basis for effective remedies to assure that the 
ensuing drawbacks can be avoided. 
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