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Abstract

An experiment was conducted to determine the
effect of an essential fatty acid (EFA) deficient diet
on growth, immune status and renal morphology of
juvenile gilthead sea bream, using two diets: a
control diet containing 2% (DW) of n-3 high
unsaturated fatty acid (n-3 HUFA) and a diet for-
mulated to be deficient in EFA for this species and
containing 0.5% DW of n-3 HUFA (diet NFA).
After 9 weeks of feeding the EFA-deficient diet fish
showed a reduction in growth compared with
the control group (107.48 ± 9.14 and 123.14 ±
11.87 g final weight respectively). Fish fed the NFA
diet showed a reduction in the erythrocyte volume
together with increased erythrocyte fragility, hae-
moglobin content and red blood cell count in
comparison with fish fed the control diet. EFA
deficiency also reduced cellular immunity in terms
of neutrophil activity and the number of circulating
lymphocytes. The serum alternative complement
pathway was markedly reduced in fish fed the EFA
deficient diet. Fish fed the control diet showed
glomeruli with a well-defined Bowman’s space and
normal renal tubes. However, up to 88% of fish fed
the EFA-deficient diet showed alterations in renal
morphology affecting at least 50% of the glomeruli,
which showed extreme dilation of capillaries and
occlusion of Bowsman’s capsule. Mesangial prolif-
eration and diffuse thickening of the capillary

walls, as well as renal tube degeneration, were also
observed.

Keywords: complement, docosahexaenoic acid,
eicosapentaenoic acid, gilthead sea bream, glome-
rulonephritis, n-3 high unsaturated fatty acid.

Introduction

Besides being an excellent energy source and a
vehicle for fat-soluble vitamins in marine fish,
dietary lipids provide the necessary essential fatty
acids (EFAs) to regulate membrane functioning of
different tissues and the synthesis of different types
of eicosanoids and physiologically active molecules.
Marine fish have a very limited gene expression of
delta 6 and delta 5 activity and thus are not able to
synthesize polyunsaturated fatty acids (PUFAs)
(Mourente & Tocher 1993). Consequently n-3
fatty acids of more than 20 carbons (n-3 high
unsaturated fatty acids or n-3 HUFAs) are essential
for marine fish for growth and other physiological
events, including the immune function. The role of
dietary lipids in fish immunity is not well under-
stood (Lall 2000). At the least, dietary lipids
modulate the immune response by influencing the
physical properties of immune cell membranes and
membrane-associated enzymes and receptor sites.
Some studies provide good evidence of the effect of
dietary fatty acid imbalances on different mecha-
nisms of the immune system of cultured fish. For
instance, Sheldon & Blazer (1991) found an
enhanced bactericidal activity of channel catfish,
Ictalurus punctatus (Rafinesque), macrophages when
fish were fed diets rich in n-3 fatty acids. Similar
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results were obtained by Kiron, Fukuda, Takeuchi
& Watanabe (1995) with rainbow trout, Oncorhyn-
chus mykiss (Walbaum), fed a diet containing n-3
HUFA. They also found that fish fed PUFAs were
more resistant to bacterial infections. Ashton,
Clemens, Barrow, Secombes & Rowley (1994)
found that leucocytes from rainbow trout fed a diet
enriched with n-3 fatty acids had greater migration
stimulating ability than those from trout fed n-6
fatty acid enriched diet. In gilthead sea bream,
Sparus aurata L., it has been found that adequate
levels of n-3 HUFA in diets are necessary for the
maintenance of alternative complement activity
(Montero, Tort, Izquierdo, Robaina & Vergara
1998). In addition, several types of eicosanoids are
well known to regulate immune functions in
vertebrates, including fish (Rowley, Knight, Lloyd-
Evans, Holland & Vickers 1995).

An inadequate fatty acid profile in fish diets also
seems to affect cell integrity of several tissues.
Intestine and liver are among the most readily
affected tissues and have been studied by several
authors. Robaina, Izquierdo, Moyano, Socorro,
Vergara & Montero (1998) found that an increase
in the n-3/n-6 ratio produces a reduction in liver lipid
deposits in gilthead sea bream fed a soya bean meal
based diet. In some species, liver steatosis was
observed when fish were fed a n-3 HUFA-deficient
diet (Montero, Robaina, Socorro, Vergara, Tort &
Izquierdo 2001). Alterations in the intestinal mucus
of fish fed diets with an unbalanced fatty acid
composition have been described for Arctic charr,
Salvelinus alpinus (L.) (Olsen, Myklebust, Kaino &
Ringø 1999), rainbow trout (Caballero, Obach,
Rosenlund, Montero, Gisvold & Izquierdo 2002) or
gilthead sea bream (Caballero, Izquierdo, Kjorsvik,
Montero, Socorro, Fernández & Rosenlund 2003).
Damage in other tissues has been little studied despite
the evidence for the protective role of n-3 fatty acids
in mammalian renal diseases such as murine lupus
nephritis (Chandrasekar & Fernandes 1994) or focal
glomerulosclerosis (Goldstein, Wheeler, Sandstrom,
Kawachi & Salant 1995). Montero, Blazer, Socorro,
Izquierdo & Tort (1999) found alterations in
macrophage aggregates of both spleen and kidney
of gilthead sea bream fed an EFA-deficient diet.
However, little is known about the effect of dietary
EFA deficiency on kidney morphology.

Thus, the aim of this study was to study the effect
of an EFA deficiency on the gilthead sea bream
immune system and in particular on kidney
morphology.

Material and methods

Diets

Two sardine meal based diets were formulated with
the same proximal composition (Table 1). The
control diet (diet C) was based on fish oil and was
formulated to cover the n-3 HUFA requirements
for this species whereas diet NFA was formulated to
be deficient in n-3 HUFA (Montero, Tort, Izqui-
erdo, Socorro, Robaina, Vergara & Fernández-
Palacios 1996) (Table 2) so as to induce the effects
of dietary EFA deficiency in marine fish as
described by Watanabe (1982), including those
related to fish growth, survival and fatty acid
utilization.

Experimental procedures

The experiment was carried out at the Instituto
Canario de Ciencias Marinas (Canary Islands,
Spain). Thirty-six gilthead sea bream (55 g mean
weight), supplied by a local farm (ADSA, San
Bartolomé de Tirajana, Canary Islands, Spain),
were randomly distributed among six 100-L circular
fibreglass tanks (six fish per tank, each diet fed to
three tanks) supplied with continuous sea water
(8.3 L min)1). Water temperature ranged from
19.0 to 22.4 �C and aeration (oxygen ranged
from 6.7 to 8.3 mg L)1 during the experimental

Table 1 Composition (%) of experimental diets

Ingredient

Diet

C NFA

Sardine meal (SM) 64.0 16.0

Oil extracted SM – 42.9

Sardine oil 1.8 –

Beef tallow 3.4 10.3

Starch 12.0 12.0

Dextrin 4.0 4.0

Alpha-cellulose 10.0 10.0

CMCa 0.5 0.5

Mineral mixb 1.3 1.3

Vitamin mixc 2.0 2.0

Choline chloride 0.9 0.9

a Carboxymethyl cellulose.
b (g kg)1 diet): (H2PO4)Ca, 1.605; CaCO3, 4.0; FeSO4Æ7H2O, 1.5;

MgSO4Æ7H2O, 1.605; K2HPO4, 2.8; Na2PO4, 1; Al(SO4)3Æ6H2O, 0.02;

ZnSO4Æ7H2O, 0.24; CuSO4Æ5H2O, 0.12; KI, 0.02; CoSO4Æ78H2O,

0.08; MnSO4ÆH2O, 0.08.
c (mg kg)1 diet): Vitamin A (retinol acetate), 10 000 (IU); D3, 2000

(IU); K, 20; E (alpha tocopherol), 150; B12, 0.5; Biotin, 1; B6, 40; folic

acid, 10; B1, 40; B2, 50; pantothenic acid, 117; nicotinic acid, 200; myo-

inositol, 2000; ascorbic acid, 5000; ethoxyquin, 100.
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period. Natural light illuminated the tanks at a light
cycle close to 12 hL/12 hD.

Fish were fed twice daily at a feeding rate of
2.5% fish body weight per day, 6 days per week for
9 weeks. Body weight was measured at the begin-
ning and at the end of the experimental period.

Blood collection and sample preparation

All fish were individually sampled from each tank.
No anaesthetic was used, in order to avoid the effect
of anaesthesia on blood parameters. Fish handling
time was <1 min per fish. Total capture time was
<8 min per tank in order to minimize capture stress
effects on analysed parameters (Sumpter 1997).
Blood was obtained by caudal sinus puncture with
a 1-mL plastic syringe and two aliquots of blood were
used for different analyses. The first aliquot was
transferred to an Eppendorf tube coated with lithium
heparin as anticoagulant and was used for whole
blood determinations [haematology, white blood cell
count, erythrocyte fragility and nitro blue tetrazo-

lium (NBT) index]. A second aliquot was transferred
to another Eppendorf tube without anticoagulant
and was used for serum determinations.

Haematology, erythrocyte fragility
and NBT index

Haematocrit (Ht) was measured by microcentrifu-
gation (3000 g, 10 min). Circulating red blood cell
number (RBC) and total haemoglobin (Hb) were
determined by a System Microcell Counter F-800
(TDA Medical Electronics Co. Ltd, Tokyo, Japan).
Mean cellular haemoglobin (MCH), mean cellular
volume (MCV) and mean cellular haemoglobin
concentration (MCHC) were determined as des-
cribed by Klontz (1994). A quantity of 50 lL of
whole blood was fixed in 2.5% glutaraldehyde,
buffered with 1 nm Tris and diluted in Cortland
saline. This suspension was used to determine the
circulating neutrophil and lymphocyte number in a
Neusbaum haemocytometer. Erythrocyte fragility
was determined as spontaneous haemolysis follow-
ing the method described by Draper & Csallany
(1969), and modified by Cowey, Adron, Murray,
Youngson & Knox (1981) and Wilson, Bowser &
Poe (1984). The reduction of NBT to formazan
caused by oxygen radicals from circulating neutro-
phils was measured spectrophotometrically as
described by Siwicki, Anderson & Antychowitz
(1993). NBT index was calculated as the ratio
between the NBT activity measured as described
above and the number of circulating neutrophils
(number of cells per mm3 of blood) counted in the
Neusbaum haemocytometer.

Serum determinations

The second aliquot of blood was allowed to clot at
4 �C for 2 h. Serum was then separated by
centrifugation at 3000 g for 10 min and stored at
)80 �C until analysis. Alternative complement
pathway activity using rabbit RBC was determined
as described by Sunyer & Tort (1995) for gilthead
sea bream. The reciprocal of the serum dilution
causing 50% lysis of RBC is designated as the
ACH50 and the results are presented as ACH50
units mL)1.

Biochemical analysis of the diets

Total lipid, crude protein, moisture content and
fatty acids of diets were determined. Crude protein

Table 2 Main fatty acid composition of the experimental diets

(% DW)

Fatty acid

Diet

C NFA

14:0 0.68 0.49

15:0 0.06 0.02

16:0 3.49 4.49

16:1n-7 0.60 0.24

17:0 0.13 0.24

17:1 0.11 0.06

16:4n-3 0.13 0.02

18:0 1.99 4.61

18:1n-9 1.65 3.52

18:1n-7 0.34 0.12

18:2n-6 0.19 0.33

18:3n-3 0.04 0.03

18:4n-3 0.17 0.04

20:1n-9 – 0.01

20:1n-7 0.12 0.03

20:4n-6 0.07 0.02

20:5n-3 0.97 0.18

22:1n-11 0.09 0.01

22:1n-9 0.03 0.01

22:3n-6 0.07 0.01

22:5n-6 0.03 –

22:5n-3 0.11 0.02

22:6n-3 0.88 0.28

Saturated 6.47 9.95

Monoenoics 3.07 4.09

Rn-3 2.35 0.58

Rn-6 0.53 0.38

Rn-9 1.75 3.61

n-3 HUFA 2.01 0.49

EPA/ARA 13.9 9.00
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was determined by the Kjeldahl method. Total lipid
was extracted with chloroform/methanol (2:1 v/v)
as described by Folch, Lees & Sloane-Stanley
(1957). Fatty acid methyl esters were obtained by
transmethylation as described by Christie (1982)
and identified using gas chromatography under
conditions previously described (Izquierdo, Wata-
nabe, Takeuchi, Arakawa & Kitajima 1990).

Histological samples

At the end of the experiment, kidneys of six fish
from each tank were fixed in 10% neutral-buffered
formalin. Samples were stained with haematoxylin
and eosin (H & E) and periodic acid Schiff (PAS)
for histological examination (Martoja & Martoja-
Pierson 1970).

Statistical analysis

All data were statistically analysed using Student’s
t-test (Sokal & Rohlf 1995).

Results

As expected, fish fed the EFA-deficient diet showed
lower growth compared with those fed the control
diet (Table 3). No mortalities and no infections
occurred during the experimental period.

The n-3 HUFA-deficient diet produced a signi-
ficant (P < 0.05) increase in both circulating RBC
and total Hb. No effect of dietary EFA deficiency
was found on haematocrit, MCH and MCHC
(Table 3). Mean erythrocyte volume (MCV) was
significantly lower (P < 0.05) in fish fed the NFA
diet, compared with fish fed the control diet.
Erythrocyte fragility was significantly increased
(P < 0.05) in fish fed the NFA diet (Table 3). A
lack of n-3 HUFA in the diet significantly decreased
(P < 0.05) circulating lymphocytes and slightly,
but not significantly, reduced the number of
circulating neutrophils. Moreover, the activity of
those cells, measured as the NBT index, was
significantly (P < 0.05) lower when compared
with control fish (Table 3). The EFA-deficient diet
induced a significant reduction (P < 0.05) in the
activity of the serum alternative complement path-
way (Table 3).

The EFA-deficient diet produced an accumula-
tion of lipids in the liver of fish (Table 4). Fish fed

Table 3 Effect of dietary n-3 HUFA deficiency on growth and

haematological and immune parameters of gilthead sea bream

juveniles

Diet

C NFA

Initial weight (g) 55.6 ± 2.7 54.5 ± 3.3

Final weight (g) 123.1 ± 11.9a 107.5 ± 9.1b

Haematocrit (%) 37.8 ± 6.9 35.8 ± 3.3

Haemoglobin (g dL)1) 9.7 ± 2.0a 11.3 ± 3.1b

RBC (·106/mm3) 3.0 ± 0.6a 3.6 ± 1.0b

MCHC (g dL)1) 26.0 ± 4.8 32.0 ± 10.3

MCV (fl) 129.3 ± 29.0a 105.5 ± 27.0b

MCH (pg) 32.4 ± 2.9 31.4 ± 2.4

Erythrocyte fragility (%) 3.9 ± 2.4a 10.4 ± 14.2b

Circulating lymphocytes

(·103 mm)3)

41.2 ± 9.7a 33.4 ± 7.8b

Circulating neutrophils

(·102 mm)3)

30.2 ± 12.3 23.7 ± 5.6

NBT index 0.8 ± 0.3a 0.5 ± 0.2b

ACH50 (U mL)1) 169.2 ± 48.6a 88.6 ± 35.9b

Values with different letters within a line are significantly different

(P < 0.05).

n ¼ 6 · 3.

Table 4 Main fatty acid composition of the liver of fish fed the

experimental diets (g/100 g of fatty acids)

Fatty acid

Diet

C NFA

14:0 3.2 ± 0.2 2.7 ± 0.2

15:0 0.1 ± 0.1 0.2 ± 0.0

16:0 20.5 ± 0.3 21.7 ± 0.3

16:1n-7 5.0 ± 0.7a 2.9 ± 1.3b

17:0 0.4 ± 0.0 0.3 ± 0.0

17:1 0.5 ± 0.0 0.5 ± 0.0

16:4n-3 0.2 ± 0.0a 0.0 ± 0.0b

18:0 8.00 ± 0.3 7.7 ± 0.2

18:1n-9 25.8 ± 0.6a 37.2 ± 1.4b

18:1n-7 3.1 ± 0.1 1.2 ± 0.2

18:2n-6 1.5 ± 0.3a 2.1 ± 0.2b

18:3n-3 0.3 ± 0.1 0.2 ± 0.0

18:4n-3 0.6 ± 0.1a 0.2 ± 0.0b

20:1n-9 1.1 ± 0.8 1.3 ± 0.1

20:1n-7 0.5 ± 0.8 0.3 ± 0.2

20:4n-6 1.3 ± 0.4 0.8 ± 0.3

20:5n-3 4.9 ± 0.3a 2.3 ± 0.1b

22:1n-11 0.6 ± 0.3a 0.2 ± 0.1b

22:1n-9 0.4 ± 0.0a 0.6 ± 0.2b

22:5n-6 0.2 ± 0.1 0.1 ± 0.1

22:5n-3 2.4 ± 0.0a 0.9 ± 0.1b

22:6n-3 10.8 ± 0.7 6.7 ± 0.8b

Saturated 32.2 ± 0.6 32.6 ± 0.3

Monoenoics 37.6 ± 0.9a 46.0 ± 0.8b

Rn-3 19.8 ± 1.1a 10.8 ± 0.8b

Rn-6 3.9 ± 0.3 3.8 ± 0.3

Rn-9 28.3 ± 0.7a 40.3 ± 1.4b

n-3 HUFA 18.8 ± 1.1a 10.4 ± 0.8b

EPA/ARA 0.5 ± 0.0a 0.2 ± 0.0b

Values with different letters within a line are significantly different

(P < 0.05).

n ¼ 6 · 3.
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the EFA-deficient diet showed a different fatty acid
profile from that of fish fed the control diet. The
most important differences were an increased level
of oleic acid (18:1n-9) and a decreased level of n-3
HUFA, mainly due to a decrease in docosahexae-
noic acid (DHA) and eicosapentaenoic acid (EPA)
(Table 4).

Control fish showed glomeruli with a well-
defined Bowman’s space and no dilated capillaries
(Fig. 1a). No alterations were found in renal tubes
from those fish fed diet C.

However, up to 88% of fish fed the NFA diet
showed changes in at least 50% of the renal
glomeruli (Fig. 1b). The glomeruli of these fish
showed two main alterations: an extreme dilation of
glomerular capillaries and an occlusion of Bow-
man’s capsule, which almost disappeared (Fig. 1b).
A slight mesangial proliferation was observed

(Fig. 1b). A diffuse thickening of both the capillary
walls and the basement membrane was also
observed with PAS staining, with no podocyte
proliferation.

Renal tubule degeneration was also observed in
those fish with glomerular alterations. Renal tubes
showed epithelial cell desquamation from the
basement membrane with subsequent cloudy
swelling degeneration (Fig. 2a,b).

Discussion

Fish fed a deficient diet in the present study showed
the previously described signs of n-3 HUFA
deficiency (Watanabe 1982), including decreased
growth and increased hepatic lipid content. In
addition, EFA dietary deficiency significantly
altered fatty acid composition of the liver, mainly

Figure 1 (a) Semithin section of renal

glomeruli from fish fed control diet. Bow-

man’s space is present and no dilated capil-

laries are seen (H & E). (b) Semithin section

of renal glomeruli from fish fed n-3 HUFA-

deficient diet. Note occluded Bowman’s

space and extremely dilated capillaries

(arrows). Slight mesangial cell proliferation

is also observed (*) (H & E).
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increasing oleic acid and decreasing n-3 HUFA
content. Fish fed the NFA diet also showed steatosis
of the liver (Montero, Socorro & Caballero, unpub-
lished data), another sign of EFA deficiency and
previously described for this species under similar
experimental conditions (Montero et al. 2001).

Fish fed an n-3 HUFA-deficient diet in the
present study showed increased haemoglobin and
RBC count, mainly due to a decrease in erythrocyte
volume that enhances oxygen delivery (Lay &
Baldwin 1999), as a consequence of the possible
increased oxygen consumption due to high satu-
rated fatty acid levels in diet. The inclusion of
coconut oil (rich in saturated fatty acids) in the diet
of Adriatic sturgeon, Acipenser naccarii Bonaparte,
increased oxygen consumption when compared
with fish fed a fish oil based diet (McKenzie,

Piraccini, Steffensen, Bolis, Bronzi & Taylor 1995).
Gilthead sea bream juveniles fed a n-3 HUFA-
deficient diet have been shown to have different
post-stress plasma cortisol levels compared with
those on a non-deficient diet (Montero et al. 1998)
and the inclusion of linseed oil in gilthead sea
bream diets also alters the time-course of plasma
cortisol changes after stress (Montero, Kalinowski,
Obach, Robaina, Tort, Caballero & Izquierdo
2003). EFAs have been shown to influence physio-
logical responses to different stressors in cultured
fish. DHA has been shown to be essential in the
stress resistance of marine fish larvae (Kanazawa
1997).

Dietary fatty acid composition also affects the
lipid composition of erythrocytes and cell mem-
brane function is greatly affected by unsaturation

Figure 2 Semithin section of renal tubules

from fish fed a n-3 HUFA-deficient diet. (a)

Tubular epithelial cells desquamated from

the basement membrane (arrow) and (b)

cloudy swelling degeneration (H & E).
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(Leray, Nonnotte & Nonnotte 1986). The eryth-
rocytes of fish fed a n-3 HUFA-deficient diet
showed higher fragility (measured as spontaneous
haemolysis) than those of fish fed a fish oil based
diet. This is in agreement with the results obtained
by Salte, Thomassen & Wold (1988) who described
high osmotic resistant erythrocytes in diseased
Atlantic salmon, Salmo salar L., fed increasing
levels of n-3 PUFA. Erdal, Evensen, Kaurstad,
Lillehaug, Solbakken & Thorud (1991) also found
a positive correlation between cell membrane
strength and an increase of dietary n-3 HUFA.
Similar results have been obtained by Kiron,
Takeuchi & Watanabe (1994) who found that
low levels of both n-3 and n-6 in the erythrocyte
membranes of rainbow trout fed a saturated fatty
acid diet resulted in their being liable to osmotic
changes.

Dietary fatty acid imbalance also affects mechan-
isms of the immune system of cultured fish
(reviewed by Blazer 1992; Lall & Olivier 1993;
Waagboe 1994; Fletcher 1997; Lall 2000) but little
is known about the role of specific fatty acids in the
different processes of the immune system. Dietary
lipids can modulate cellular responses by influen-
cing the physical properties of membranes, the
membrane-associated enzymes, receptor sites and
synthesis of immunomodulator eicosanoids.

In the present study, a dietary deficiency of n-3
HUFA affected cellular immunity, reducing both
neutrophil activity, measured as the NBT index,
and the number of circulating lymphocytes. Shel-
don & Blazer (1991) found a positive correlation
between dietary n-3 HUFA and bactericidal activity
of channel catfish macrophages. The natural killer
cell-like activity of rainbow trout leucocytes was also
enhanced by dietary n-3 HUFA (Kiron, Gunji,
Okamoto, Satoh, Ikeda & Watanabe 1993).
Resistance to infection of Atlantic salmon was
superior in fish fed a high ratio n-3/n-6 PUFA diet
than fish fed a low ratio n-3/n-6 diet (Thompson,
Tatner & Henderson 1996). Ashton et al. (1994)
found that head kidney supernatants derived from
rainbow trout fed a diet enriched with n-3 fatty acid
had greater migration stimulating ability when
compared with fish fed an n-6 fatty acid enriched
diet.

Dietary fatty acid composition also affects the
humoural immune system. Waagboe, Hemre,
Holm & Lie (1995) found a negative correlation
between complement activity and monoenes pre-
sent in serum. A depletion of alternative comple-

ment pathway activity has been described for
gilthead sea bream fed a n-3 HUFA-deficient diet
(Montero et al. 1998). In the present study, EFA
dietary deficiency also affected serum complement
activity, corresponding with the higher amount of
monoenes in the diet.

The role of n-3 HUFAs in the amelioration of
renal damage has been widely studied in human
health (Donadio, Bergstralh, Offord, Spencer &
Holley 1994; Hogg & Waldo 1996; Donadio,
Dart, Grande, Bergstralh & Spencer 1999), but
little is known about the specific role of these fatty
acids in the modulation of the consequences of
renal injury in fish. Glomerular proliferative change
with proliferation of the mesangial cells, dilatation
of blood capillaries and thickening of the walls,
clogging of the space between glomeruli and
Bowman’s capsule or thickening of the basal lamina
have been reported as anomalous conditions of the
glomeruli (Hibiya 1982). These alterations can be
found in different nephropathies described in fish
such as diffuse glomerulonephritis in white perch,
Morone americana (Gmelin), from heavily polluted
water (Ferguson, Moccia & Down 1982), prolifer-
ative glomerulonephritis of selenium-exposed green
sunfish, Lepomis cyanellus Rafinesque (Sorensen,
Harlan & Bell 1982), or immune complex-medi-
ated glomerulonephritis in rainbow trout (Sami,
Fischer-Scherl, Hoffmann & Pfeil-Putzien 1992).

The renal changes found in the present study
include some of the above signs of renal injury, but
were not sufficient to determine the kind of
glomerulonephritis associated with n-3 HUFA
dietary deficiencies in gilthead sea bream juveniles.
Despite the lack of information regarding the effect
of dietary lipids in fish glomerulonephritis, it has
been shown recently in higher vertebrates that n-3
PUFAs are rapidly and effectively incorporated into
the renal tissue of rats and that DHA significantly
inhibits the proliferation of cultured mesangial cells
in vitro by reducing their uptake of 3H-thymidine
(Grande, Walker, Holub, Warner, Keller, Haugen,
Dodanio & Dousa 2000).

The depletion of the alternative complement
pathway activity found in fish fed the NFA diet
could be acting as an indirect precursor of glom-
erular injury, as glomerulonephritis associated with
hypocomplementaemia has been described in hu-
mans (Kurihara, Saito, Sato, Chiba, Saito, Soma &
Ito 1998). The complement system plays a critical
role in the clearance of immune complexes by
leading to the covalent attachment of C3b and C4b
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factors to the complex facilitating their solubiliza-
tion (Lambris & Holers 2000) and binding to the
CR1 receptors on erythrocytes and phagocytes,
directing the immune complexes to the reticuloen-
dothelial system, where they are removed from
circulation (Song, Sarrias & Lambris 2000). If the
complement system is depleted, some immune-
complexes may have been deposited in glomeruli as
they could not be removed from the circulation.
Deposition of immune-complexes in the renal
glomeruli has been related to vasculitis and
glomerulonephritis (Song et al. 2000). No patho-
gens were isolated in the experimental fish but a
chronic deposition of immune complexes in the
renal glomeruli cannot be ruled out.

Some studies have shown beneficial effects of n-3
fatty acids in human chronic glomerulonephritis
(Malyszko, Malyszko, Pawlak & Mysliwiec 1996)
and nephropathy (Barcelli, Weiss, Beach, Motz &
Thompson 1990; Wheeler, Nair, Persaud, Jeremy,
Chappell, Varghese & Moorhead 1991; D’Amico
& Gentile 1993) due to the role of these fatty acids
in the regulation of eicosanoid production. A
reduction of the dietary EPA/arachidonic acid
(ARA) ratio could enhance the production of
PGE2 and TXA2 derived from ARA, which has
been shown to produce intense vasoconstriction and
mesangial cell contraction (Sakr & Dunham 1982)
causing renal injury (Wheeler et al. 1991). EPA is a
competitive substrate for tromboxane A3 with lesser
vasoconstricting properties (Fischer & Weber 1983)
and is also a substrate for prostacyclin (PGI3)
(Fischer & Weber 1984). Dietary imbalance of fatty
acid precursors of eicosanoids could indirectly affect
renal glomerular integrity and glomerulonephritis
mediated directly by a deficiency of dietary n-3
HUFA cannot be ruled out.

In conclusion, dietary n-3 HUFA deficiency
produces alterations in the oxygen-carrying capacity
of gilthead sea bream blood, immunosuppresion of
both cellular and humoural systems, and renal
injury, including renal tube degeneration and
systemic glomerulonephritis. Further experiments
are required to elucidate the role of the dietary fatty
acid on the glomeruli of fish and the origin of the
glomerulonephritis described in the present study.
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