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Abstract

We have previously shown nutritional intervention with fish oil (72-3 PUFA) to reduce numerous complications associated with the meta-
bolic syndrome (MetS) in the JCR:LA-corpulent (¢p) rat. In the present study, we sought to explore the potential role of fish oil to prevent
glomerulosclerosis in JCR:LA-cp rats via renal eicosanoid metabolism and lipidomic analysis. Male lean and MetS JCR:LA-cp rats were fed a
lipid-balanced diet supplemented with fish oil (5 or 10% of total fat). After 16 weeks of feeding, albuminuria was significantly reduced in
MetS rats supplemented with 5 or 10 % fish oil (—53 and —70 %, respectively, compared with the untreated MetS rats). The 5% fish oil diet
resulted in markedly lower glomerulosclerosis (—43 %) in MetS rats and to a lesser extent in those supplemented with 10% fish oil. Inter-
estingly, untreated MetS rats had higher levels of 11- and 12-hydroxyeicosatetraenoic acids (HETE) v. lean rats. Dietary fish oil reduced
these levels, as well as other (5-, 9- and 15-) HETE. Whilst genotype did not alter prostanoid levels, fish oil reduced endogenous renal
levels of 6-keto PGFy, (PGI, metabolite), thromboxane B, (TxB,), PGF,, and PGD, by approximately 60% in rats fed 10% fish oil,
and TxB, (—50%) and PGF,, (—41%) in rats fed 5% fish oil. In conclusion, dietary fish oil prevented glomerular damage in MetS rats
and mitigated the elevation in renal HETE levels. These results suggest a potential role for dietary fish oil to improve dysfunctional

renal eicosanoid metabolism associated with kidney damage during conditions of the MetS.
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Long-term sequelae of the metabolic syndrome (MetS) include
the clinical presentation of both macro- and microvascular
disease™”. The obese, insulin-resistant JCR:LA-corpulent (¢p)
rat, homozygous for the corpulent trait (¢p/cp), is a unique
model of the MetS"'~®. This model displays characteristic
macro- and microvascular complications of the MetS, includ-
ing effects on the kidney such as glomerulosclerosis, protei-
nuria, decline in renal function and ultimately end-stage
renal disease, consistent with human pathological compli-
cations™. Indeed, all of the diagnostic criteria of the MetS
are associated with reduced renal function and elevated pro-
©_ Further, circulating insulin and
lipids are contributing factors to the detrimental effects of
the MetS on renal function, affecting the glomerulus, causing
damage during obesity and diabetes, resulting in glomerulo-
sclerosis and proteinuria even in the early stages of these
disorders” =V,

teinuria and albuminuria

We recently reported that MetS JCR:LA-cp rats treated with
dietary fish oil (rich in 7-3 PUFA) showed improvements in
fasting and postprandial dyslipidaemia, hyperinsulinaemia
and the frequency of late-stage myocardial lesions'?. Conse-
quently, we hypothesised that improvements to hyperlipidae-
mia and hyperinsulinaemia by dietary fish oil may also have
beneficial renal effects in the JCR:LA-¢p rat, potentially via
alterations to eicosanoid metabolism.

Eicosanoids are primarily produced from arachidonic acid
(ARA) by cyclo-oxygenase (COX) enzymes, yielding prosta-
noids, and by lipoxygenase (LOX) enzymes to produce leuko-
trienes and hydroxy fatty acids (hydroxyeicosatetraenoic acid,
HETE). Prostanoids, such as PGE, and thromboxane A,
derived via the COX pathway, regulate glomerular filtration
rate, water and salt homeostasis, as well as inflammatory
and fibrotic processes in response to kidney damage?~'>
In diabetic kidneys, increased COX or prostanoid levels are

Abbreviations: ARA, arachidonic acid; COX, cyclo-oxygenase; ¢p,
LOX, lipoxygenase; MetS, metabolic syndrome; TxB2, thromboxane B,.

corpulent; HETE, hydroxyeicosatetraenoic acid; LBD, lipid-balanced diet;
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associated with development of the disease, and inhibition of
this enzyme results in nephroprotection(m*m)A

Renal 12-HETE is a product of the 12/15 LOX enzyme and is a
vasoconstrictor in the kidney®”, which also has been shown to
be associated with experimental diabetic nephropathy® =%
Pharmacological inhibition or gene knockout of 12/15 LOX
reduces glomerular volume, mesangial cell hypertrophy, extra-
cellular matrix formation and proteinuria®*=2®. Such effects of
select eicosanoids in diabetic nephropathy suggest a role in
renal injury during the MetS. Due to the multiple interactions
and roles of select eicosanoids in the kidney®**”, understanding
changes in both prostanoids and HETE may reveal mechanisms
underlying renal injury during the MetS.

Fish oil (17-3 PUFA) can both compete with ARA for eicosanoid
synthetic enzymes as well as inhibit these enzymes. Further-
more, eicosanoids derived from 7-3 PUFA are generally less
potent than those derived from ARA‘®*~3”. Supplementation
with 7-3 PUFA provides nephroprotection in a variety of
G1=37 Hence, the objectives of the
present study were to determine the long-term renal effects of
fish oil feeding in a model of the MetS, with a particular focus
on glomerular injury and renal eicosanoids.

models of renal disease

Materials and methods
Animal model and experimental procedures

Male JCR:LA-cp rats, both with the MetS (cp/cp) and lean
(+/?), were raised in an established breeding colony at the
University of Alberta, as previously described®. Rats were
weaned at 6 weeks, and allowed to age until week 8. MetS
rats were randomly allocated to one of three diets (Table 1);
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a control hypercholesterolaemic isoenergetic lipid-balanced
diet (LBD; n 8); a LBD supplemented with 5% (7 8) or 10%
(n 8) fish oil (Table 1) for 16 weeks. Lean rats (z 8), of the
same age, were fed the control LBD diet (Table 1) for 16
weeks. Food consumption and body weight were recorded
throughout the study. At 24 weeks of age, rats were fasted
overnight and killed under isoflurane anaesthesia. Liver,
kidney and peri-renal fat pads were weighed and snap-
frozen in liquid N, at —80°C, for subsequent analysis where
appropriate. Animal care and experimental procedures were
conducted in accordance with the Canadian Council on
Animal Care and approved by the University of Alberta
Animal Care and Use Committee (ACUC-Livestock).

Urine samples

Following 16 weeks of feeding, rats were euthanised in the
fasted state and urine samples were collected. Urine albumin
and creatinine concentrations were measured using immuno-
turbidimetric and Jaffé methods, respectively®*®. The labora-
tory CV for albuminuria test was 80 (level 1) and 32%
(level 2).

Renal histology

After killing, the left kidney from all animals was excised and
fixed in formalin. After conventional processing, kidney sec-
tions were examined to quantify glomerulosclerosis, as per
the method of Schifer®. In brief, each kidney was divided
along the long axis, fixed, sectioned and stained with haema-
toxylin and eosin®. For each kidney, ten random fields were
viewed (X 4 objective) and recorded digitally. A total of eight

Table 1. Nutrient and lipid summaries for each dietary group*

Control diet (LBD)

5% FO diett  10% FO dietf

Nutrient summary (per kg)
Casein (9)

Starch (g)
Dextrose (g)
Non-nutritive cellulose (g)
Vitamin mixture (g)
Mineral mix (g)
Choline (g)

Inositol (g)

L-Met (g)

Linseed oil (g)
Tallow (g)
Sunflower oil (g)
Fish oil (9)§
Cholesterol (g)

Lipid summary (% of fat)
Total polyunsaturated fat
Total saturated fat
Polysaturated:saturated ratio
Total n-6
Total n-3
Total EPA + DHA

270
214
217
80
9-5
48

270 270
214 214
217 217
80 80
9-5 95
48 48
2.75 2.75
6-25 6-25
2:5 2.5
3.0 3.0
91-88 94.73
40-13 24.27
15 28
10 10
24.3 277
66-0 650
0-4 0-4
17-4 171
6-9 10-6
5-3 94

LBD, lipid-balanced diet; FO, fish oil.

*The composition of the LBD and diets supplemented with FO containing EPA and DHA; 5 and 10 %

FO diet, as determined by GC.

15% FO diet contained approximately 5-1 g EPA/kg diet and 2-6 g DHA/kg diet.
110% FO diet contained approximately 9-5g EPA/kg diet and 4-8 g DHA/kg diet.
§ Product code no. XO4825TG (Ocean Nutrition Canada Limited).
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complete glomeruli in each field of view were blindly scored
as sclerotic (mild-to-severe glomerular sclerosis) or normal
(minimal sclerosis or normal). The fraction of sclerotic glomer-
uli was calculated for each kidney and data represented as the
average incidence of sclerotic glomeruli in each kidney.

Eicosanoid analysis

Lyophilised tissue (45mg) from the right kidney was hom-
ogenised on ice in 1-25ml of freshly prepared Tyrodes
buffer“?. After homogenisation, Triton X-100 (Fisher Scienti-
fic) was added and mixed to achieve a final concentration of
0-01%. Endogenous eicosanoid levels and in vitro production
were determined in aliquots (200 D under the following con-
ditions: (1) O min for determination of endogenous levels and
(2) 10min at 37°C for determination of in vitro production, as
described“?. Reactions were stopped with 1% formic acid in
methanol and eicosanoids extracted in acidified methanol—
water—ethanol (5:10:1, by vol.) containing 10 .l of antioxidant
solution (0-2mg/ml butylated hydroxytoluene, 0-2mg/ml EDTA,
2mg/ml triphenylphosphine, 2mg/ml indomethacin in a sol-
ution of 2:1:1 methanol—-ethanol-water). An internal standard
mix consisting of 7-5-25ng of *H-labelled standards (men-
tioned later) was added. After centrifugation, supernatants
(pH <3-0) were applied to Strata-X SPE columns (Phenom-
enex) pre-conditioned with methanol and water (pH 3).
After loading, columns were washed in 10% methanol in
water (pH 3) and samples eluted with 100% methanol“? .
Liquid chromatography tandem MS (liquid chromatography/
MS/MS) was performed based on the method described by
Deems et al ", Dried down samples were re-suspended in
water—acetonitrile—formic acid (70:30:0-02, by vol., solvent
A) and eicosanoids separated by reverse-phase HPLC using
a C18 column (Luna, 250 X 2-0 mm, Phenomenex) at a flow
rate of 300 pl/min. The column was equilibrated in solvent
A and samples were eluted with a linear gradient from 0 to
20% solvent B (acetonitrile—isopropyl alcohol, 50:50; v/v)
for 11 min, then increased to 100% by 13 min and held until
16 min, then dropped to 0% by 16 min and held until 19 min.
The HPLC was coupled to a triple quadrupole tandem
mass spectrometer (API 2000) with electrospray ionisation
source (Applied Biosystems). Eicosanoids were analysed via

multiple-reaction monitoring in negative ionisation mode. Mass
transitions of *H-labelled standards and eicosanoids were as
follows: 5-HETE-dg (m/z 327 — 116) for 5-HETE (m/z 319 —
115), 8-HETE (m/z 319 — 155), 9-HETE (m/z 319 — 151) and
11-HETE (m/z 319 — 167); 15-HETE-dg (m/z 327 — 226) for
12-HETE (m/z 319 — 179) and 15-HETE (m/z 319 — 219);
6-keto PGF,4-ds (m/z 373 — 211) for 6-keto PGF,, (m/z
369 — 163); thromboxane B, (TxB,)-ds; (m/z 373 — 173) for
TxB, (m/z 369 — 169); PGFy-ds (m/z 357 — 197) for PGFy
(m/z 353 — 193); PGE,-d4 (m/z 355 — 275) for PGE, (m/z
351 — 271) and PGE; (m/z 349 — 269); PGD,-d4 (m/z 355 —
193) for PGD, (m/z 351 — 189) and PGDj3 (m/z 349 — 269).
Quantification of eicosanoids was determined using the stable
isotope dilution method“? .

Statistical analysis

Data were tested for normal distribution and differences
between the MetS control (¢p/cp LBD) compared with the
lean control (4/? LBD) group were analysed using
the unpaired ¢ test (P<0-05). Statistical differences between
the MetS fish oil treatment (5 and 10%) groups compared
with the MetS control (cp/cp LBD) group were analysed by
one-way ANOVA followed by Tukey’s post hoc tests, with
significance set at P < 0:05 (Sigma Stat, Jandel Scientific and
GraphPad Prism, GraphPad Software Inc.). For data that
could not be normalised by logarithmic transformation, the
Kruskal—-Wallis test was used. All results are shown as
means with their standard errors.

Results
Liver, kidney and peri-renal fat pad weight

Untreated MetS rats had significantly greater liver weight
(2-fold; P < 0-05), compared with the lean control rats
(Table 2). MetS rats fed a 5% fish oil diet for 16 weeks had sig-
nificantly lower liver weight (—29%; P < 0:05), compared
with the untreated MetS rats (Table 2). Relative to lean control
rats, untreated MetS rats had significantly increased kidney
weight (27 %; P < 0-05) (Table 2). There was no significant
difference in kidney weight of either 5 or 10% fish oil

Table 2. Body and organ weights of lean and metabolic syndrome (MetS) male JCR:LA-cp rats fed a lipid-balanced control diet (LBD), or a 5 or 10%

fish oil (FO) diet
(Mean values with their standard errors, n 8 per group)

Genotype. .. Control MetS
Diet. .. LBD LBD MetS + 5% FO MetS + 10% FO
Mean SEM Mean SEM Mean SEM Mean SEM
Body weight (g) 3754 10-3 668-5 8.2* 584-0 11.8 552.4 10-0t
Kidney weight (g) 1.26 0-07 1.60 0-07* 1.41 0-05 1.49 0-07
Kidney:body weight ratio (g/kg) 34 0-2 2.4 0-1** 2.4 0-3 2.7 0-2
Liver weight (g) 9.9 0-5 20-0 0-6* 14.3 1.8t 16-3 0-4
Perirenal fat pad weight (g) 0-94 0-45 9-99 2.67¢ 6-59 1-311tt 4.25 1.061tt
Perirenal fat pad weight:body weight ratio (g/kg) 2-0 1.0 15-0 3-0 11-0 2.0t 8-0 2.0tt

Mean values were significantly different from that of the lean control: * P < 0-05, ** P < 0-01.
Mean values were significantly different from that of the MetS control: 1P < 0-05, t1P < 0-01, t11P < 0-001.
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groups (Table 2), when compared with the untreated MetS
rats. Compared with the lean group, all MetS groups had
a higher peri-renal fat pad weight and ratio of peri-renal
fat pad weight to body weight (5- to 11-fold increase)
(Table 2). However, relative to untreated MetS rats, both 5
and 10% fish oil-treated rats had significantly lower peri-
renal fat pad weight (=34 to 57%; P < 0-001) (Table 2) and
ratio of peri-renal fat pad weight to body weight (—27 to
47 %; P < 0-:01) (Table 2).

Urinary biochemical profile

Urinary albumin/creatinine concentrations were markedly
higher (78-5-fold; P < 0-001) in untreated MetS rats compared
with the lean control rats (Fig. 1), consistent with previously
published work by our group®. After 16 weeks of feeding,
rats fed the fish oil diet (5 or 10%) had lower urine albumin
excretion compared with the untreated MetS rats (—53 and
—70%, respectively; P < 0-01 and P < 0-001) (Fig. D.

Glomerulosclerosis

Untreated MetS rats exhibited a substantial increase in the fre-
quency of glomerulosclerosis compared with the lean control
rats (6:4-fold; P < 0-001) (Fig. 2) and is consistent with pre-
vious studies using this rat model®. Further, untreated MetS
rats exhibited a greater severity of glomerulosclerosis and
interstitial inflammation compared with their lean counterparts
(Fig. 2). MetS rats treated with 5% fish oil had a significant
reduction in the fraction of sclerotic glomeruli (—43%;
P < 0-001), relative to the untreated MetS group (Fig. 2).
A similar significance was not achieved in the 10% fish oil
group. Intriguingly, sporadic tubular damage was observed
in kidneys of MetS rats fed the 10 % fish oil diet (Fig. 2(b—e)).

Renal eicosanoid levels and in vitro production

The levels of 11-HETE and 12-HETE were 71 and 109%
higher, respectively, in untreated MetS compared with the
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Fig. 1. The ratio of urinary albumin to creatinine levels of JCR:LA-cp rats in
each of the treatment groups. Values are means, with standard errors rep-
resented by vertical bars (n 8). Mean value was significantly different from
that of the lean control: *** P < 0-001. Mean value was significantly different
from that of the metabolic syndrome (MetS) control: 11 P < 0-01,
11t P < 0-001. FO, fish oil.
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Control

Fig. 2. (a) Proportion of sclerotic glomeruli in JCR:LA-cp rats in each of the
treatment groups. Values are means, with standard errors represented by
vertical bars (n 8). Mean value was significantly different from that of the lean
control: *** P < 0-001. Mean value was significantly different from that of the
metabolic syndrome (MetS) control: t11 P < 0-001. (b—e) Kidney sections
stained by haematoxylin and eosin. Representative micrographs of kidneys
from (b) normal glomeruli (e) of lean control rats. (c) Kidneys of MetS control
rats illustrating some sclerotic glomeruli including interstitial inflammation and
malformed glomeruli ( A ). (d) Glomeruli from MetS rats treated with 5% fish
oil (FO) showing relatively normal glomeruli (1). (e) Glomeruli from MetS rats
treated with 10 % FO showing malformed tubular structure (A) and glomerulo-
sclerosis. The tubule structures were malformed by fat vacuoles.

lean rat kidneys (Fig. 3(d) and (e)). These levels were reduced
by fish oil feeding to similar values observed in lean rats fed
the control diet. Renal 15-HETE levels followed the same pat-
tern (Fig. 3(f), with the exception that the difference between
MetS and lean rats was not significant (P=0-0885). As 15-HETE
is produced by both COX activity (along with 11-HETE) and
by 12/15 LOX activity (along with 12-HETE)*®~4_ the levels
of these combined HETE were also analysed. Both 11- and
15-HETE, as well as 12- and 15-HETE, were higher by 73
and 99 %, respectively, in MetS compared with lean rat kid-
neys (Fig. 3(g) and (h)). These combined levels were also
reduced by the fish oil diet in MetS rats to levels similar to
those in lean control rats. While the levels of other detectable
HETE (5-, 8- and 9-HETE, Fig. 3(a)—(c)) in the kidney were
not altered by genotype, fish oil treatment did reduce 5- and
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Fig. 3. Endogenous hydroxyeicosatetraenoic acid (HETE; (a) 5-HETE; (b) 8-HETE; (c) 9-HETE; (d) 11-HETE; (e) 12-HETE; (f) 15-HETE; (g) 11-HETE +
15-HETE; (h) 12-HETE + 15-HETE) levels in the kidneys of JCR:LA-cp rats in each of the treatment groups. Values are means, with standard errors represented
by vertical bars (n 8). Mean values were significantly different from that of the lean control: * P < 0-05, ** P < 0-01. Mean values were significantly different from
that of the metabolic syndrome (MetS) control: 1 P < 0-05, 11 P<0-01, t11 P < 0-001. FO, fish oil.

9-HETE levels in MetS rats. Corresponding HEPE derived from
EPA were not detected, nor was there significant production of
HETE detected in vitro.

Endogenous prostanoids in kidneys were not different
between untreated MetS and lean control rats (Table 3).
However, fish oil feeding resulted in marked reductions of
the 2-series prostanoids. Of these prostanoids, 6-keto PGFy,,
TxB,, PGF,, and PGD, were reduced by approximately 60 %
in the MetS rats fed the 10% fish oil diet compared with the
untreated MetS rats. Kidneys from rats fed the 5% fish oil
had 40-50% lower levels of TxB, and PGF,, (Table 3) com-
pared with the untreated MetS group. Interestingly, both fish
oil diets resulted in the appearance of the 3-series prostanoids
PGE; and PGDj3, which were not detectable in kidneys from
untreated MetS rats.

When in vitro production of eicosanoids was examined,
only prostanoids were produced and subsequently used
to assess COX activity. Consistent with endogenous levels,
in vitro production of renal prostanoids was not affected by
genotype, but dietary fish oil markedly reduced COX activity
in MetS rats in both the 5 and 10% fish oil groups, compared
with the LBD group (Table 3). COX activity, as measured by
four out of five prostanoids, was reduced by 63-99% in the
10% fish oil group, with lesser effects in the 5% fish oil
group. Overall, COX activity was reduced in kidneys by
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72% in the 5% fish oil group and by 78% in the 10% fish
oil group, compared with the kidneys from untreated MetS
rats (Table 3).

Discussion

The purpose of the present study was to examine whether a
long-term fish oil-supplemented diet would improve renal
function and glomerulosclerosis in the MetS JCR:LA-cp rat
model. A secondary objective was to investigate the corre-
sponding renal eicosanoid profile and the effects of dietary
fish oil on eicosanoid levels. The present findings show that
chronic fish oil feeding can improve renal pathology and nor-
malise the elevated HETE levels associated with the MetS in
the JCR:LA-¢p rat.

Urinary albumin is an indicator of renal microvascular
damage, and often reflects elevated glomerular permeability
and inability to retain albumin‘”
major cause of end-stage renal failure in diabetic and obese
individuals, impairing the filtering process and allowing
protein to leak into the urine™. In the present study,
JCR:LA-cp rats fed fish oil had significantly less album-
inuria, glomerulosclerosis and obesity. These results are con-
sistent with previous studies of dietary fish oil in other
models of renal disease. Diabetic KKAy/Ta mice injected

. Glomerulosclerosis is a
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Table 3. Endogenous prostanoid levels in the kidneys of lean and metabolic syndrome (MetS) JCR:LA-cp rats fed a lipid-balanced control

diet (LBD), or a 5 or 10 % fish oil (FO) diet
(Mean values with their standard errors, n 8 per group)

Genotype. .. Control MetS
Diet. .. LBD LBD MetS + 5% FO MetS + 10% FO
Mean SEM Mean SEM Mean SEM Mean SEM
Endogenous levels (ng/mg dry kidney)
6-keto-PGF,, 0-42 0-07 0-40 0-06 0-26 0-05 017 0-02**
TxB, 0-11 0-01 0-14 0-02 0-07 0-01*** 0-05 0-01***
PGF2, 0-28 0-03 0-21 0-03 0-12 0-02* 0-08 0-01***
PGE, 0-19 0-03 0-21 0-04 0-20 0-05 0-14 0-05
PGD, 0-34 0-05 0-43 0-09 0-37 0-06 0-18 0-04**
Total 2-series 1.34 0-14 1.39 0-24 0-98 0-13 0-62 0-10**
Prostanoids
PGE; ND ND 0-08 0-03** 0-09 0-04**
PGD3 ND ND 0-23 0-08** 017 0-05**
Total prostanoids 1.34 0-14 1.39 0-24 1.25 0-20 0-88 0-18
In vitro production (pg/mg dry kidney per min)
6-keto-PGF,, 291 84 46-7 65 22.8 7.3 146 1.7
TxB, 6-2 2.3 6-8 1-3 4-6 1.5 1.2 0-7**
PGF5, 45.4 6-2 39-8 6-2 81 2.4%** 95 1.9+
PGE, 11.7 3.0 14.8 1-1 0-2 4.5** 0-1 2.5**
PGD,» 30-8 14.9 34.3 12.6 10-6 99 159 3-8
Total activity 143 30-0 159 22.8 51.7 23.6*** 41.3 7-9**

TxB,, thromboxane B,; ND, not determined.

Mean values were significantly different from that of the MetS control: * P < 0-05, ** P<0-01, *** P < 0-001.

intraperitoneally with EPA ethyl ester (1g/kg per d) had
attenuated glomerulosclerosis, mesangial matrix accumula-
tion, tubulointerstitial inflammation and albuminuria®”. In a
model of focal glomerulosclerosis, a fish oil-enriched diet
substantially lowered urine albumin excretion, probably
reflecting a lower severity of kidney disease®®. In human
studies of diabetic nephropathy, reduced albuminuria is the
most common, although not consistent, finding with fish oil
supplementation®”. The beneficial effects of fish oil on
renal injury in the JCR:LA-¢p model may be due to the
improvement in hyperlipidaemia and insulinaemia previously
reported from this study™?, as high circulating levels of lipids
and insulin cause renal damage"*'%!V,

Dietary fish oil also could be nephroprotective via altera-
tions in eicosanoid metabolism. Eicosanoids are biologically
active molecules that play important and sometimes opposing
roles in kidney function">?”. PGD,, PGE, and HETE are
generally associated with pro-inflammatory effects, but PGE,
as well as PGI, also are vasodilators and are important in
maintaining normal renal plasma flow®">*. PGE, is also
involved in the regulation of Na re-absorption and renal cell
over-proliferation and formation of fibrous tissue'*>3>%,
Thromboxane A, and 12-HETE are known to be vasoconstric-
tors that are involved in the pathogenesis of hypertension
associated with long-term renal failure®®>>, as well as being
elevated in models of diabetic nephropathy' =%

The present findings in the JCR:LA-¢p rat demonstrate that
elevated renal HETE levels are associated with renal pathology
in the MetS, supporting previous studies that indicated the
importance of elevated HETE in other forms of renal
injury®~%». Several studies have shown that by blocking
the levels of the 12/15 LOX enzyme using inhibitors or gene

knockout strategies, glomerular volume, mesangial cell hyper-
trophy, extracellular matrix formation and proteinuria can be
reduced in models of diabetic nephropathy(24726’43). The simi-
lar effect of fish oil on HETE levels in the JCR:LA-¢p rat indi-
cates that these eicosanoids may also be key mediators of
renal pathology associated with the MetS.

In contrast to the elevated HETE levels in MetS rat kidneys,
renal prostanoid levels were not altered. This may have been
due to the relatively early stage of renal injury present in this
model, which would indicate that HETE alterations occur ear-
lier in disease progression than perturbations in prostanoid
levels. Nevertheless, dietary fish oil also reduced the endogen-
ous levels and in vitro production of most prostanoids. The
reduced levels of the 2-series prostanoids and HETE are con-
sistent with previous reports that demonstrated that dietary
n-3 PUFA can inhibit the production of eicosanoids derived
from ARA. In these kidneys, the only eicosanoid products
derived from -3 PUFA detected were PGD; and PGE;3,
demonstrating selectivity for the eicosanoids produced from
EPA. Previous studies have shown that n-3 PUFA reduce the
expression of COX messenger RNA and protein both in vivo
(44-46) 4y 3 PUFA accumulate in the plasma mem-
brane and partially replace ARA as substrates for COX and
LOX, resulting in reduced products from ARA and enhanced
production from EPA®®>”. Both protective and detrimental

and in vitro

2-series prostanoids were reduced in rats treated with fish
oil, so their overall effect on the kidney is difficult to assess.
However, the 3-series prostanoids tend to be much less
(28-39 56 the reduction of ARA-derived products in
combination with the enhanced EPA-derived eicosanoids

bioactive

would probably have decreased the overall bioactivity of the
eicosanoids present in rats treated with fish oil.
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Caution regarding the use of high levels of fish oil for the
treatment of kidney injury in the MetS is warranted, as the
10% fish oil diet resulted in higher levels of tubular damage.
Few studies have reported adverse effects of high-dose fish
oil on the kidney, but the BHE/Cdb rat model of diabetic
nephropathy also had worsened glomerular histopathology
and shortened lifespan when given 9% fish o0il®®. The pcy
mouse model of adolescent nephronophthisis also exhibits
greater fibrosis and cyst growth when given high levels of
dietary long-chain 7-3 PUFA®?%Y It is possible that whilst
attenuation of HETE, which were elevated in the kidneys of
MetS rats, may reduce renal damage, the reduction of protec-
tive 2-series prostanoids in the rats provided 10% fish oil
could have had detrimental effects on the development of
renal pathology. It is not clear why the detrimental effect of
10% fish oil is observed specifically with glomerulosclerosis
and not with albuminuria, but may point to a greater sensi-
tivity to lower prostanoid levels. Whilst treatment with drugs
that inhibit prostanoid formation ameliorate kidney dysfunc-
tion in some models®® =% nephrotoxicity from prostanoid
inhibitors has also been documented>*?.
taneous analysis of both prostanoids and HETE is important
in order to obtain a more comprehensive understanding of
potential eicosanoid roles in renal injury.

Hence, simul-

Concluding remarks

The findings of the present study offer evidence of the import-
ance of elevated HETE levels in renal injury in the MetS.
Furthermore, supplementation of moderate levels of 7-3
PUFA derived from fish oil in the JCR:LA-cp MetS rat reduces
disease progression. We propose that long-term dietary intake
of fish oil may improve glomerulosclerosis and kidney dysfunc-
tion associated with elevated renal HETE levels in the MetS.
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