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Abstract

Effects of Dietary Polyunsaturated Fatty Acids
and Proteins on Serum Lipid Profiles and
Renal Functions of Uremic Rats

Viera Navara Wenan
May 1993.

Sixty-three male Sprague-Dawley rats were partially
nephrectomized and randomly assigned to one of the four
experimental diets. All diets were isocaloric and contained
the following ingredients: a) 24% Casein - 5% MaxEPA oil
(MOCAS), b) 24% Casein - 5% Corn oil (COCAS), c) 24% Soy - 5%
MaxEPA oil (MOSOY), and d) 24% Soy - 5% Corn oil (COSOQY).
Animals were maintained on their corresponding diets for 13
weeks. Blood pressures and serum blood profiles (total
protein, albumin, creatinine, triglycerides and total, HDL
and LDL cholesterol) were determined. No differences were
noted among the groups in serum total protein, albumin, or
creatinine, as well as the systolic blood pressure. Rats fed
MO diets, regardless of the protein source, had lower serum

triglyceride levels. Total and HDL cholesterol concentrations
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were significantly lower in the MOCAS group when compared to
the other three experimental groups. Feeding of the COCAS
diet was nonsignificantly associated with high LDL
concentrations. MaxEPA oil diets yielded significantly higher
concentrations of serum EPA and DHA and significantly lower
linoleic and AA concentrations when compared to CO diets.
Rats that were maintained on MOSOY diets had the greatest
degree of glomerular sclerosis. Urinary total protein
concentrations were higher in the COSOY rats when compared to
the other groups. Based on the results obtained, previous
beneficial effects of MaxEPA oil and soy protein on serum

lipid profiles and renal functions were not as apparent.
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CHAPTER I

INTRODUCTION

The kidneys are important organs that play an important
role in maintaining homeostasis in the body. Any disruption
to these organs can result in major clinical problems.
Several studies have been done to investigate the effects of
diet composition on the progression of renal disease.

It is now widely accepted that alterations in lipid
metabolism can play a role in the progression of chronic
renal disease (CRD). The deleterious effects of increasing
dietary cholesterol and saturated fats have been demonstrated
using animal models of progressive renal disease. Various
animal studies have also indicated that high fat diets and
hyperlipidemia may accentuate the progression of renal
disease. However, studies with dietary omega-3
polyunsaturated fatty acids (PUFAs) indicate that this fatty
acid family may provide a possible treatment for CRF patients
since omega-3 fats are precursors of prostaglandins that may
retard the loss of renal function. Administration of fish

0il, a rich source of omega-3 fatty acids, has been shown to



result in a significant lowering of glomerular eicosanoid
synthesis, which in turn, has reduced the sclerosis of the
glomerulus (von Schacky et al., 1985; Clark et al, 1990;
Wheeler et al., 1990). On the contrary, omega-6 PUFA
consumption has been shown to induce the production of
certain damaging eicosanoids.

Some studies have shown that the quality and the
quantity of dietary proteins could also affect renal
function. Hyperfiltration, as assessed by glomerular
filtration rate and urinary protein excretion, has been
reported to be associated with high dietary protein intake on
a long term basis (Buzio et al, 1990; De Keijzer et al.,
1990) .

Studies with experimental animals have shown that
protein hyperfiltration may lead to glomerulosclerosis
through proliferation of mesangial cells. For many years, low
protein diets have been used to prevent or slow down the
development of uremic symptoms. Renal hyperfiltration and
renal pressure have been shown to be reduced by the
consumption of a low protein diet (Brenner et al, 1982,
Maschio et al., 1982; De Keijzer et al, 1990).

Animal studies have also suggested that the source of
the dietary protein may have an impact on the severity and
progression of renal disease. Some animal proteins have

occasionally been found to contribute to deleterious effects



on renal tissue. In contrast, plant protein may ameliorate
uremic symptoms and could therefore increase the life span of
nephrectomized rats (Williams et al, 1987; Iwasaki et al,
1988; Kontessis et al., 1990).

Recently, mesangial cells have been suggested to be a
major site of kidney degeneration in patients with CRF. The
accumulation of lipid in mesangial cells may play an
important role in the progression of glomerulosclerosis
(Schlondorff et al., 1987). Since mesangial cells have been
observed to have a structure which is similar to smooth
muscle cells, the effect of dietary components on these cells
may be compared to changes seen in smooth muscle cells in
coronary and peripheral arteries which have received dietary
insults.

At this time, few studies regarding the effects of
dietary protein and fat from different sources on the
mesangial cells have been done. Any further investigation in
this area would be beneficial for the treatment of renal

disease patients.

Purpose of the Study

The purpose of this study was to determine whether
certain combinations of different types of dietary fatty
acids and proteins could ameliorate (or deteriorate) the

clinical symptoms of uremic rats.



The specific objectives of this study were:

1,

To determine the effects of combinations of two
different types of dietary polyunsaturated fatty acids
(omega-3 or omega-6 fatty acids) and dietary proteins
(animal or plant origin) on the renal histopathology of
uremic rats.

To determine the effects of dietary fat and protein
manipulations on concentrations of nitrogenous compounds
in the serum as well as in the urine of uremic rats.

To determine the serum amino acid and fatty acid
profiles of uremic rats fed diets containing various

combinations of plant and animal fats and proteins.



CHAPTER II

LITERATURE REVIEW

Significant proteinuria and hyperlipidemia are common
complications in chronic renal disease (CRD) patients.
Experimental studies have suggested that abnormal lipid
metabolism may be a mediator in the modulation of progressive
renal disease. Several factors that may affect the
progression of renal failure, such as variations in dietary
proteins and fats, have been identified (Adler and Kopple,
1983). A series of studies has been done to examine how
dietary proteins and fats affect the structure and function
of the kidney in both animals and human subjects with renal

disease.

Dietarv Fats

Polyunsaturated fatty acids (PUFA) have been suggested
to be an important protective agent against coronary heart
disease via their role in the reduction of serum cholesterol.
Certain polyunsaturated fatty acids are also believed to be
effective in preventing or slowing down a decline in renal
function. Previous studies (Heifets et al., 1987) have shown

5



that omega-6 PUFAs could have positive effects on renal

function.

Clinical studies have repeatedly shown beneficial
effects of dietary omega-3 PUFA in preserving renal function
in normal and hyperlipidemic subjects (Harris et al., 1983)
and also in animal models (Wheeler et al., 1990, Ito et al,
1987, Ito et al., 1988).

Omega-3 fatty acids have been observed to be able to
favorably influence lipid metabolism. Fish o0il, which is rich
in omega-3 PUFA, has been proposed to have both positive
[lower triglyceride and very low density lipoprotein
cholesterol (VLDL) and increase high density lipoprotein
(HDL) cholesterol concentrations] and negative [higher total
and low density lipoprotein (LDL) cholesterol concentrations]
effects on lipid profiles (Illingworth et al., 1989; Sanders
and Roshanai, 1983; Harris et al., 1983).

Polyunsaturated fatty acids of the omega-6 series more
frequently reduce total, LDL and VLDL cholesterol. There are
only a few reports of reduction of total triglycerides and
they do not seem to affect HDL levels. Polyunsaturated fatty
acids of the omega-3 series have been shown to: (a) have
major suppressive effects on total plasma triglycerides, (b)

produce some reduction of total cholesterol and have variable



effects on LDL cholesterol and (c) reduce VLDL cholesterol
and increase HDL cholesterol.

Ito and co-workers (1987) also observed that serum
triglycerides and cholesterol concentrations were lower in
rats maintained on a 14% fish oil diet than those fed either
3% fish oil or 14% beef tallow diets. The levels of HDL
cholesterol did not show a significant difference among the
three groups, while the LDL cholesterol levels were lower in
rats fed the 14% fish oil diet. All animals in the study were
injected with adriamycin to induce nephrotic syndrome.
Adriamycin nephropathy is a manifestation of direct
glomerular toxicity with no immune involvement. In a later
experiment using the same animal models, Ito et al. (1988)
examined the effects of 3% and 14% fish oil diets on plasma
lipids. Plasma triglyceride and cholesterol concentrations
were markedly increased in all nephrotic rats, but the
elevation was blunted by the fish oil feeding, with the
greatest effect occuring in the rats fed the 14% fish oil.
Wheeler et al (1990) also found that rats fed fish oil
containing diets had significantly lower levels of plasma
cholesterol and triglycerides.

Rolf et al. (1990) examined ten patients on chronic
hemodialysis. They administered a salmon oil concentrate for
28 weeks and found that the total serum cholesterol and

triglycerides levels decreased significantly (64% and 48%,
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respectively). They also reported a significant increase in
HDL cholesterol concentration. Mortensen et al. (1983) fed
either 10 g of fish o0il or 10 g of vegetable 0il to healthy
volunteers for 4 weeks. Each oil contained about 40% omega-3
and omega-6 PUFAs, respectively. They reported that plasma
total lipids, triglycerides and VLDL concentrations were
significantly decreased during the fish oil period. No
changes were observed in the LDL or HDL fractions. In another
study, Singer et al. (1985) observed a lipid lowering effect
of mackerel and herring diets in patients with mild essential
hypertension. Their results indicated that serum
triglycerides, total cholesterol, LDL-cholesterol and
lecithin cholesterol acyl transferase (LCAT) activity were
significantly lowered after consumption of the mackerel diet.
They also observed a significant increase in HDL cholesterol

levels.

. {4 synthes;
Different types of eicosanoids and their metabolites can
be formed from different types of fatty acids through the
cyclooxygenase pathways (Lands, 1986). The most common PUFAs
in the diet belong to the omega-3 and omega-6 series
(Barcelli and Pollak, 1989). These two families of PUFAs are
mutually competitive for the cyclooxygenase enzyme (Lands,

1986). A wide range of prostanoids (e.g. prostaglandins and



9
thromboxanes) are formed through the cyclooxygenase pathways,
whereas, the leukotriene series is generated through the
lipoxygenase system.

Linoleic acid (omega-6 fatty acid), which can be found
in many vegetable oils, is a precursor of arachidonic acid.
Arachidonic acid is a precursor of eicosanoids which can, in
turn, be converted to dienoic eicosanoids by prostaglandin
synthetase and the lipoxygenase systems. These different
pathways are responsible for the difference in physiological
properties between omega-3 and omega-6 PUFAs.

Eicosapentanoic acid (EPA), a polyunsaturated fat found
in fish oil, competes with arachidonic acid as a substrate
for cyclooxygenase (Culp et al., 1979). A diet rich in fish
0il promotes the synthesis of trienoic eicosanoids, and
interferes with formation of dienoic eicosanoids (Fischer et
al., 1984). The balance between vasodilatory and
vasoconstrictive eicosanoids may be shifted in favor of the
former when EPA is the primary substrate for cyclooxygenase

activity (Von Schacky et al., 1985).

Mesanaial Cells and Proaression of Renal Disease

The mesangium is a unique central-lobular structure in
the glomerulus constituted in part by mesangial cells and the
mesangial matrix. This part of the glomerulus has been shown

to be uniquely permeable to large molecular proteins (Michael
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et al., 1980). It has been suggested than the accumulation of
lipid in the mesangial cells may enhance the development of
focal glomerulosclerosis. These mesangial cells have a close
resemblance to smooth muscle cells (Schlondorff, 1987).
Lipoproteins, which function as carriers of lipids, have
surface receptors in many cells, including smooth muscle
cells and mesangial cells. Increased amounts of lipoproteins
(low density and very low density) may stimulate collagen and
proteoglycan production and lead to an increase in the
"trapping" of lipids. This accumulation of lipids may cause
the proliferation of mesangial cells and result in a
thickening of the glomerular basement membrane and eventually
to sclerosis of the glomerulus. Wight (1989) demonstrated
that low density lipoproteins (LDL) can interact with
proteoglycans and this interaction can delay the removal of
these types of lipoproteins.

Recently, oxidized LDL has been proposed as an important
patﬂogenic lipoprotein that participates in the development
of atherosclerosis (Steinberg et al., 1989). In various
studies, oxidized LDL has been shown to be cytotoxic to
cultured mesangial cells and thus might contribute to
glomerular damage (Wasserman et al., 1989; Wheeler et al.,
1990; Keane et al., 1990). Although several studies have been
done to examine the effects of altered lipoproteins on the

progression of renal injury, the mechanism is still not
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clear. Further investigation on how oxidized LDL affects the

mesangial cells might be beneficial for kidney patients.

Fish 0il and Blood Pressures

Increases in both dietary omega-3 and omega-6 PUFAs have
~been suggested to lower blood pressure. However, dietary
enrichment with omega-6 fatty acids has recently been
reported to have a deleterious effect (Lands et al., 1986).

MaxEPA o0il contains high levels of eicosapentanoic acid
(EPA) and docosahexanoic acid (DHA). This type of fish oil
has been found to significantly reduce systolic blood
pressure in normal volunteers (Mortensen et al., 1983; Lorenz
et al., 1983), hypertensives (Radack et al., 1991) and
patients undergoing hemodialysis (Singer et al., 1985; Smith
and Dunn, 1985). The blood pressure lowering effect of fish
0il has also been observed in animal models (Karanja et al.,
1989) .

Knapp and FitzGerald (1989) examined the effects of both
omega-3 and omega-6 PUFAs on blood pressure in men with mild
essential hypertension. The subjects were randomly assigned
to one of the four experimental groups. The supplements
contained a daily dose of : 10 or 50 ml of MaxEPA oil, 50 ml
of safflower oil, or a mixture of oils that is commonly found
in the average American diet (contained approximately 15%

polyunsaturated, 46% monounsaturated, and 39% saturated



12
fats). The study was carried out for a three month period. A
significant reduction in both systolic and diastolic blood
pressure was observed with the subjects supplemented with a
high level of fish o0il (50 ml per day). No significant
difference in the blood pressure could be noticed in the
other treatment groups. The safety of high dose fish oil
supplementation is an important issues that still needs to be
explored. Radack et al. (1991) conducted a randomized,
controlled crossover study comparing how low doses of n-3
fatty acids and n-6 fatty acids affect blood pressure in
subjects with mild hypertension. The subjects were given
either 2.0 g/day of n-3 fatty acids or safflower oil (4.8
g/day of linoleic acid) for 12 weeks. They were then crossed
over to the alternative encapsulated oil for another 12
weeks. Results showed that fish o0il supplementation
significantly reduced the mean diastolic blood pressure when
compared to safflower oil supplementétion. Rolf et al. (1990)
also reported that there was a significant decrease in blood
pressure when a salmon oil concentrate was given to patients
on long-term hemodialysis.

Karanja et al. (1989) studied the effects of fish oil,
corn oil, and butterfat diets on salt hypertensive rats
(SHR) . They found that fish oil consumption resulted in lower
blood pressure when compared with butterfat and corn oil

diets.
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DRietarv Fats and Kidney Disease

The effects of omega-3 PUFAs on renal function have been
extensively explored, however, the mechanism behind these
effect is still not understood (Izumi et al., 1986; Clark et
al., 1990; Scharschmidt et al., 1987).

Izumi et al. (1986) studied two groups of five-sixth
nephrectomized rats and two groups of sham—operated rats. One
partially nephrectomized group and one sham-operated group
received a high linoleic acid (HLA) diet containing 15%
linoleic acid, whereas, the other two groups received a low
linoleic acid (LLA) diet containing 0.28% linoleic acid. The
rats were studied for 7 weeks during which time hypertension
developed in the partially nephrectomized rats, as compared
to the sham-operated rats. However, by the end of the study
the blood pressure of the rats fed the HLA diet was lower
than that of those fed the LLA diet. Differences were
significant from week 4 to the end of the study. No
differences in the urinary production of PGE2 and TXB2 were
demonstrated between the two groups of partially
nephrectomized rats. The clearance of creatinine, used as an
index of GFR was lowered by partial nephrectomy, but was
significantly higher in the HLA-fed rats than that in the
LLA-fed rats; no differences in body weight were observed. In

this experiment, it was not clear whether the differences in
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blood pressure were associated with the differences in GFR.
This study confirmed the findings that linoleic acid has a
protective role in the renal function in this model.

Greenland Eskimos have a low death rate from coronary
artery disease, which may relate to the high content of fish
in their diet (Bang et al., 1980). An inverse relationship
between fish consumption and mortality from coronary artery
disease has also been observed from the Netherlands (Kromhout
et al., 1985). This observation sparked the interest of many
investigators to study the potential beneficial effects of
fish or fish oil. The beneficial effect of dietary fish oil
on the incidence of coronary artery disease has been
attributed to the marine polyunsaturated fatty acid,
eicosapentanoic acid (EPA). Consumption of this fish oil
results in a relative anti-thrombotic state (Kromhout et al.,
1985; Salmon and Terano, 1985; Von Schacky et al, 1985),
because of a decrease in platelet aggregation which is
induced by an alteration in the balance between prostacyclin
and thromboxane. Despite the growing awareness of the
beneficial effects of dietary fish on coronary artery
disease, relatively little is known about this modification
dietary fish oil intake impacts on renal prostaglandin
synthesis. Trienoic prostaglandins have been identified in
the urine of normal volunteers fed EPA (Fischer and Weber,

1984; Von Schacky et al., 1985; Salmon and Terano, 1985).
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Von Schacky and coworkers (1985) found that humans consuming
EPA excreted significant amounts of PGI3 while PGI2
production was unaltered. Furthermore, the excretion of the
urinary metabolites of TXA2 was variably decreased and only
small quantities of the metabolites of TXA3 appeared in the
urine. These observations suggested that the renal production
of vasodilators (PGI2 and PGI3) may exceed vasoconstrictor
production (TXA2 and TXA3) during EPA feeding.
Clark et al. (1990) studied the efficacy of a low protein
(6%) and PUFA containing diets in five-sixth nephrectomized
female rats. The high PUFA diets contained 25% fat by weight,
which was provided as fish or safflower 0il (omega-3 and
omega-6 fatty acids sources, respectively). All diets were
started 1 week prio. t. surgery with control animals
receiving regular animal chow throughout the 4 weeks study.
The body weights remained comparable between groups. All of
the experimental diets lowered urinary albumin excretion, but
the fish oil diet had the greatest effect and this was
statistically significant. Both fish o0il and safflower oil
diets have been shown to prevent the rise in IgG excretion.
Clark et al. (1990) have extended their observations in the
same model to study the effects of an isocaloric fish oil
diet as compared to regular chow fed and sham-operated rats.
These animals were studied for 20 weeks. The fish oil diet

was shown to minimize reduction in renal clearance and
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albuminuria caused by the partial renal ablation. The fish
0il diet also diminished the glomerulosclerosis and
glomerular fibrin deposition. Their data confirmed a
protective effect for diets containing omega-3 PUFA in the
renal ablation model, via the prevention of proteinuria and
glomerulosclerosis, but without inducing a reduction in
hyperfiltration. Other major effects were noted in blood
pressure, lipids, coagulation and eicosanoid production.

The results reported by Scharschmidt et al. (1987), are
at variance with the previously mentioned reports. They
studied two groups of female five-sixth nephrectomized rats.
The experimental diets were started 5 weeks after surgery and
fed ad libitum for 12 weeks. The control diet was prepared
with beef fat whereas the fish o0il diet was prepared with
menhaden oil. The rats fed fish oil had increased plasma
creatinine, reduced hematocrit, and a shorter survival time
as well as a reduced urinary excretion of PGE2 and TXB2. An
additional rats were subjected to two-thirds nephrectomy and
given the same dietary manipulations for 12 weeks. Fish oil-
fed rats again did worse with more proteinuria, more
glomerulosclerosis, and lower glomerular filtration rates.
The authors suggested that the detrimental effects of fish

0il in their study might be due to its effects on eicosanoid

synthesis.



17

Diets rich in PUFAs have been used in studies with
obese Zucker rats to evaluate PUFA effects on renal function
and histology. Wheeler et al. (1990) studied uninephrec-
tomized Zucker rats for 32 weeks. Rats were pair-fed diets
containing 13 % beef tallow or fish oil. Rats fed the diet
prepared with fish oil excreted 1less protein in their urine
and showed a decreased degree of glomerulosclerosis than
those fed beef tallow. The fish oil diet also significantly
reduced the glomerular production of PGE2 and TXB2.

In a number of rat studies, an acute reduction in renal
ﬁass has been shown to prompt an increase in the rate of
synthesis of PGE2, PGI2 and TXA2 in the remaining kidney
tissues (Kirschenbaum et al., 1980; Stahl et al., 1986).
Prevention of this increase in prostaglandin synthesis by
pharmachological interference with cyclooxygenase activity
has impaired compensatory increases in kidney mass and
function in rats (Nath et al., 1986). These observations
point to an important regulatory role of renal eicosanoids in
the biological events which lead to renal adaptation to
partial nephrectomy. However, it remains unclear whether
enhanced prostaglandin metabolism promotes compensatory renal
growth via a direct effect on cell processes or indirectly
from increased work due to prostaglandin-dependent increases

in glomerular filtration rate and renal blood flow.
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The balance between vasodilatory (PGI) and
vasoconstrictive (TXA) eicosanoids may be shifted in favor of
the former when EPA is the primary substrate for
cyclooxygenase activity (Von Schacky et al., 1985).
Therefore, some authors have postulated that fish oil rich
diet might exaggerate renal vasodilation following an acute
reduction in renal mass and lead to a more pronounced
increase in renal blood flow and glomerular filtration rate
in the remaining nephrons. This possibility is indirectly
supported by the observation that EPA feeding hastens the
pace of glomerulosclerosis and renal failure in subtotally
nephrectomized rats. This pattern may reflect the long-term
consequence of early exaggeration of adaptive increases in
glomerular pressure and flow (Scharschmidt et al., 1987).

The effect of dietary fish oil on compensatory renal
growth has been studied previously . If dietary fish oil
enhances renal function, then compensatory renal growth would
be expected to be similarly enhanced according to the work
hypertrophy theory (Brenner et al, 1982). However, several
studies indicate that dienoic prostaglandins are direct
regulators of cell growth in vitro (Taylor and Polgar, 1980;

Habenicht et al., 1985).
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Only a few studies have been done to examine the effects
of plant and animal protein on renal diseases. There is
limited evidence that protein from plant origin may retard

the progression of chronic nephropathy.

Protein OQuality and Renal Diseage

In their study, Iwasaki et al. (1988) replaced casein
(animal protein) as the source of protein with soy protein
(plant protein). They found that the rats fed the soy protein
had longer survival times than the rats maintained on the
casein diets. When lesions data were compared, the rats fed
the casein diets showed a greater severity of chronic
nephropathy than those fed the soy protein diets.

Williams et al. (1987) have previously studied the
effects of different protein levels as well as different
protein sources in experimental renal disease in models.
Nephrectomized animals in the study were randomly assigned to
one of four experimental groups. Group A received 24% casein,
Group B received 12% casein, Group C was given 24% soya, and
Group D was fed 12% soya. All diets contained similar amount
of calories with identical amount of minerals and vitamins.
At the end of their study, the animals maintained on soya
diets revealed less renal tissue damage, improved life span,

and fewer uremic symptoms when compared to animals fed casein
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diets. The glomerular filtration rates and the effective
renal plasma flow were also noticeably different between
animals ingesting 24% casein and 24% soya. Blood urea
nitrogen (BUN) concentrations were significantly higher in
rats fed casein than those fed soya. The authors also
proposed that the dietary amino acids might have an impact on
the growth pattern of mesangial cells. Healthier mesangial
tissues would result by diminishing the destructive effect of
cationic amino acids (higher in animal proteins) and by
increasing the positive effect of neutral amino acids which
are higher in plant proteins.

Kontessis et al. (1990) studied the effects of different
types of dietary regimens on renal and hormonal responses.
Their study was divi?-3 “‘nto two parts: a chronic diet study
and an acute protein load study. For their chronic diet
study, they provided three different dietary regimens to a
group of healthy individuals for a period of three weeks.
These regimens included: a vegetable protein diet (VPD), an
animal protein diet (APD), and an animal protein diet with
fiber supplementation. Diets were presented to each subject
in random order. The fractional clearance of albumin and IgG
in animals fed the vegetable protein diet were reduced by 48%
and 35%, respectively, when compared to the animal protein
diet. The GFR and renal plasma flow were also significantly

lower in animals fed the VPD than in those fed the APD. In



21
their acute study, both glomerular filtration rate and renal
plasma flow increased significantly after a dietary meat load
was provided. The authors suggested that hormonal responses
to different types of proteins might be responsible for the
different renal responses. Buzio et al. (1990) conducted two
separate experiments that dealt with diet and kidney
function. In the first experiment, healthy volunteers
consumed a meat high-protein meal or a vegetable low-protein-
meal. They found that the meat high protein diet contributed
to a significant increase in GFR, total proteinuria, and
albuminuria. In their second experiment, the subjects were
given three protein rich meals which contained of about 80 g
of protein in the form of cooked red meat, cheese, or soya.
From this part of the study, the only significant differences
between the groups were found in urea appearance and urea

clearance which were lower and higher, respectively after the

soya load.

Effect of Dietary Protein Intake on Renal Function

It has been demonstrated in numerous models of
experimental renal injury that long-term dietary protein
restriction reduces proteinuria and can ameliorate
progressive structural damage (Hostetter et al., 1981;
Diamond and Karnousky, 1987; Dworkin et al., 1984; Neugarten

et al., 1991; Remuzzi et al., 1985; Wen et al., 1985).
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Assessment of glomerulaf hemodynamics after institution of
dietary protein restriction has been performed in several
models of renal disease (Dworkin et al, 1984; Zatz et al.,
1985; Dworkin and Feiner, 1986; Nath et al., 1986; Meyer et
al., 1987). Glomerular capillary pressure is consistently
reduced, however, the effects on the other determinants of
glomerular filtration has varied with the timing and duration
of protein restriction (Nath et al, 1986; Meyer et al.,
1987).

In recent years, low protein diets have been repeatedly
reported to prevent or slow down the progression of renal
failure to end-stage renal disease in animals and also in
humans (Brenner et al., 1982). A series of studies have been
done to examine the effects of low protein diets on the
progression of renal failure in humans. Maschio et al. (1982)
studied the rates of progression of renal failure in three
groups of patients. The patients were divided in groups based
upon their initial serum creatinine values. Group 1 and Group
2 subjects were supplemented with 0.6 g/kg high quality
protein, 1.0 to 1.5 g calcium, and approximately 650 mg
phosphorus, while they were maintained on a 40 kcal/kg energy
intake program. Group 3 served as controls and received an
unrestricted diet. The control group diet contained 70 g
protein, 900 mg phosphorus and 800 mg calcium. A

significantly slower rate of renal failure was observed in
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the protein restricted groups (Group 1 and Group 2) when
compared to the control group.

Although a protein restricted diet has shown favorable
effects on renal function, prolonged intake of a low protein
diet may cause other problems. In a continuation of their
study, Guarnieri et al. (1989) reported that there was a
significant loss of muscle protein as well as a decrease in
serum albumin and serum transferrin levels after an
additional 5 years of dietary manipulation. This study
suggested that the nutritional status of the patients tended
to worsen after 5 or more years. It was not concluded from
this study that the dietary protein restriction alone could
cause protein wasting since energy intake was shown to be
lower than prescrikc2. However, muscle wasting has been
frequently reported as a response to protein restriction in
CRF patients (Young et al, 1986; Schoenfeld et al, 1983;
Wolfson et al., 1984).

Albuminuria has usually been associated with renal
dysfunction. Nath and coworkers (1986) examined the effect of
dietary protein restriction on renal function by measuring
the glomerular filtration rate and the fractional clearances
of albumin and IgG. Rats used in this study were made uremic
by a two-thirds subtotal nephrectomy. The animals were then

fed either a 6% or a 20% protein diet for three months.
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Before the animals were given different levels of protein in
their diets, the authors made sure that both groups exhibited
similar levels of renal dysfunction. Urinary total protein
concentrations in rats maintained on a 20% protein diet were
significantly greater than in those fed a 6% protein diet. A
significantly lower fractional clearance of albumin and IgG
was also noticed in animals receiving a 6% protein diet. The
authors (Rosenberg et al., 1987) suggested that the
preservation of the size-selective properties of glomerular
capillaries was the reason for why lower fractional
clearances of albumin and IgG decreased when dietary protein
intake was reduced from 2 to 0.55 g/kg/day for 11 days in
patients with glomerular diseases.

In study by Olmer et al. (1989), the concentration of
urinary albumin was lower in those patients with nephrotic
syndrome who ate a low protein diet as compared to patients
who ate a high protein diet. There were no significant
differences in total protein or serum urea nitrogen
concentrations of the two groups of patients. Moreover, the
creatinine clearances significantly lower in the low protein
diet patients when compared to the high protein diet
subjects.

Chan et al. (1988) studied the effects of high protein
intake on renal function and proteinuria in patients with

glomerular disease. They indicated that the fractional
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clearance of albumin and IgG declined while the GFR and RPF
rate increased. Kaysen et al. (1986) examined the effect of
high protein intake on GFR and the fractional clearance of
albumin. They changed the protein levels in the diets of
normal rats from 8.5% to 40%. A rise in GFR and an increase
in the fractional clearance of albumin were observed.

Ando et al (1989) studied the effects of acute protein
intake on renal function in human subjects. The feeding of a
high protein meal consisting 1.2 to 1.5 g protein/kg body
weight in the form of cooked beef resulted in a rise of both
creatinine and PAH clearance and was also associated with an
elevation in plasma glucagon levels. They suggested that the
rise in the glucagon levels may indicate that glucagon
mediates the augmeucac.ion of renal function.

Recently, De Keijzer and Provoost (1990) examined the
effects of low (12%) and high (36%) protein diets on the
renal function of Fawn Hooded rats. The high protein diet was
found to raise the GFR and urinary protein excretion whereas
systolic blood pressures were found to remain the same. They
also reported that the low protein diets were associated with
a prolonged period of altered renal function, limited
proteinuria and an increased life span. The authors concluded

that the low protein diet slowed down the development of

renal failure but did not prevent it.
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Alvestrand et al. (1983) treated 17 patients who had
well-defined rates of creatinine clearance before beginning a
regimen of 15-20 g of mixed-quality protein plus an EAA
supplement which was provided as tablets (containing 1.8 to
2.8 g of nitrogen). The patients were followed for an average
of 355 days. Progression of renal disease was apparent even
though many patients had been consuming a diet which was
restricted to 0.6 g protein/kg/day. Only 3 patients did not
show a substantial slowing of the progression of their renal
disease. Interim reports from an ongoing prospective,
randomized trial by the same group have cast doubt on what
influence diet exerts on these results and raises the
possibility that better blood pressure control and closer
follow up of the patients can slow the progression of renal
disease (Bergstrom et al., 1989). Slowing the progression of
renal disease appeared to be related to a very small, but
significant reduction in diastolic blood pressure; loss of
function was greater in patients with proteinuria. The
relationship between blood pressure and renal disease
appeared to exist at levels well within the range considered
normal so more stringent blood pressure control than
traditionally accepted could exert a favorable effect on
renal function. Although 57 patients were initially enrolled
in the study, only 5 subjects in the protein restricted group

and 9 in the control group satisfied the requirements of the
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study. The authors concluded that rates of disease
progression before and after randomization did not differ,
nor could an effect of dietary protein restriction on
progression be discerned. The average intake of protein in
the EAA-treated group was higher than prescribed and although
significant, the difference from the intake of the
unrestricted subjects (0.65 g/kg/day vs 0.86 g/kg/day) was
not striking.

In summary, an EAA regimen can be effective in
controlling the symptoms of CRF, but any benefit regarding
the progression of disease remains uncertain. The major
advantage of the EAA regimen over a conventional low-protein
diet is the greater variety of food available, which might
make the regimen more acceptable. It appears that the EAA
diet has little or no advantage in terms of improved
nitrogen conservation when compared with a conventional low-
protein diet.

Very low protein diets supplemented with ketoacids also
have been assessed. Barsotti and colleagues (1981) examined
renal disease progression in 31 patients treated with a diet
containing 0.5 g/kg of high quality protein and 600 mg of

phosphorus/day; all showed a linear decline in creatinine

clearance despite dietary protein restriction. Twelve

subjects were then treated for 10 to 15 months with a diet

containing approximately 0.2 g protein/kg/day, 300 mg/day of



28
phosphorus plus a ketoacid-amino acid mixture. Eleven of the
12 had a marked decrease in the loss of creatinine clearance;
only one patient continued to lose renal function at the same
rate. The same group reported their experience with this
regimen in a larger number of patients whose renal
insufficiency progressed despite therapy with a conventional
low-protein unsupplemented diet. In patients who were
compliant with their ketoacid regimen, the decline in
creatinine clearance was halted. Patients who were less
compliant (average urinary nitrogen appearance, 6.3 g N/day)
continued to lose renal function.

Mitch et al. (1984) evaluated a regimen containing 20 to
30 g of protein supplemented with a mixture of the basic
amino acid salts of ketoacids using 25 patients. Among 17
patients who demonstrated well-defined rates of disease
progression, 10 (59%) exhibited a significantly slower rise
in the serum creatinine level during long-term treatment
before the serum creatinine reached 8 mg/dl whereas 6 had
stable serum creatinine. This regimen had a more favorable
outcome if it was initiated relatively early in the course of
renal failure.

All these studies suggesting a beneficial effect of
protein and/or phosphorus restriction are based on creatinine
measurements, which can be unreliable estimates of

progression of renal function. These results also have not
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been adequately compared to ketoacid-based regimens, EAA
regimens or with low protein, unsupplemented diets. Walser et
al. (1987) evaluated 12 patients who were given a regimen
containing 0.3 g protein/kg/day plus EAA; all showed a
progressive decline in creatinine clearance. After the EAA
supplements were changed to ketoacid supplements, renal
failure in all patients whose serum creatinine level exceeded
7.5 mg/dl continued to progress. In contrast, 6 of 7 patients
whose serum creatinine level was between 6.0 and 7.4 mg/dl at
crossover had stable GFR values during the one to two year
followup; one patient who was noncompliant had to go on
dialysis.

In summary, despite many provocative observations, it is
not established whether dietary protein and/or phosphorus
restriction can slow down the progression of CRF of whether a
ketoacid-based regimen confers a therapeutic advantage.

Rosenberg and coworkers (1987) measured several humoral
factors in renal patients and reported that the mean values
of plasma renin activity were elevated either in the supine
of standing position when the subjects were on a high protein
diet. Also, according to their study, the urinary excretion
of prostaglandin E (PGE) and 6-keto prostaglandin F-1 alpha
was significantly higher during the period of high protein

intake. From these results, they suggested that the cause of
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the elevated urinary prostaglandin excretion might be
mediated by the rise of plasma renin activity.

Vanrenterghem et al. (1988) reported that the response
of renal function parameters, such as creatinine, inulin and
paraaminohippuric acid (PAH) clearance, to an acute oral
protein load were attenuated by a pretreatment with
indomethacin, which is a prostaglandin synthesis inhibitor.
They also measured urinary PGE2 excretion and found that
pretreatment with indomethacin partially inhibited the rise
of urinary PGE2 after the acute protein load. They concluded
that renal prostaglandins play a role in the renal
hemodynamic response to protein loading.

In patients with chronic glomerular disease, fractional
albumin and globulin excretion declined and glomerular size
perselectivity improved following short-term dietary protein
restriction of 11 to 14 days (Rosenberg et al., 1987). In
these studies, reduction in proteinuria and improvement in

permselectivity were evident prior to any possible

morphologic amelioration. Similarly, when rats that had

undergone subtotal nephrectomy three months earlier were

subjected to a 14 day period of reduced protein intake,

fractional clearances of albumin and globulin declined in the

absence of improved glomerular morphology (Nath et al.,

1986) . These data suggest that dietary protein restriction

can directly improve glomerular size permselectivity by a
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mechanism independent of its protective effect on glomerular
structure.

Neugarten et al. (1983) have previously demonstrated
that long-term dietary protein restriction reduced
proteinuria and ameliorated glomerular injury in patients
with a mild form of nephrotic serum nephritis. These studies
did not distinguish between functional versus structural
changes as the cause of the reduced proteinuria. Neugarten et
al. (1991) studied a more severe model of nephrotoxic serum
nephritis in the uninephrectomized rats characterized by
hypertension, heavy proteinuria and renal insuffiency.
Protein restriction of three days duration promptly reduced
proteinuria. Glomerular size permselectivity, impaired in
nephritic rats maintained on a 24% protein diet, was
partially restored by short-term dietary protein restriction
in association with a decrease in the fraction of glomerular
filtrate permeating the shunt pathway. Fractional clearance
of protein declined by nearly 50% within three days after the
institution of a low protein diet as compared to a complete
remission of proteinuria following three months of dietary

protein restriction (Neugarten et al., 1983).

At variance with Neugarten's findings, several studies

have suggested that glomerular basement membrane pore

structure and barrier function are not influenced by the

manipulation of dietary protein content (Remuzzi et al, 1987;
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Chan et al., 1988). Remuzzi et al. (1987) evaluated
proteinuria and glomerular size selectivity in rats made
nephrotic with adriamycin and fed 20% or 35% protein diets
for 21 to 45 days. Nephrotic rats fed the 20% protein diet
showed reduced GFR and elevated fractional clearances of
large neutral dextrans. In those fed the higher protein
diets, proteinuria increased further and the GFR rose.
Fractional clearances of neutral dextrans were not:
influenced, however, by protein feeding. These investigators
suggested that the increase in proteinuria following high
protein feeding is merely a consequence of an increased
filtered load of protein. However, since proteinuria
increased an average of 71% in rats fed the high protein
diets whereas GFR rose only 43% and serum protein
concentration remained constant in the controls, this

conclusion may not be justified.



CHAPTER III

EXPERIMENTAL DESIGN AND METHODOLOGY

] . : ] el

Experimentally induced renal failure in animals has now
been performed for more than a century. The most commonly
used approach for the induction of chronic renal failure has
been either ligation of the renal artery branches or surgical
removal of renal parenchyma (partial nephrectomy) .

The first partial nephrectomy in rats was performed in
1898 by Tuffier. In his procedure, he removed one kidney, and
a portion of the cLl.e.. He observed no changes in the vclume
of urea as well as in the water eliminated. A year later,
Bradford (1899) used surgical excision to reduce the renal
mass in dogs and studied various aspects of renal function.
During the following years partial nephrectomies were
performed on cats (Allen, 1925), rabbits (Anderson, 1924),
and sheep and goats (Bainbridge, 1907). The use of these
species in renal function studies has been criticized since
their dietary habits and digestive mechanisms do not closely
resemble those of man. Chanutin and Ferris (1932) developed a
procedure that became known as the 5/6 nephrectomy in which

33
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sufficient renal tissue destruction could be induced
surgically in rats. This animal model was found to closely
mimic chronic renal disease found in humans.

In 1966, Morrison published a detailed description of a
5/6 nephrectomy procedure in rats. Currently, a refined
version of this procedure in which removal of the right
kidney and surgical infarction of the two branches of the
renal artery of the left kidney has been successfully
developed. Animals that were subjected to this surgical
method produced symptoms which were similar to those found in
humans with chronic renal failure. Therefore, this procedure

has been used widely in renal failure studies.

. ] !
The experimental design is outlined in Figure 1. Sixty-
three (63) male Sprague-Dawley rats (Sasco Inc., Houston,
Texas), weighing approximately 125-140 grams were used for
this study. The animals were housed individually in metabolic
cages at the Texas Woman's University animal facility
(Denton, Texas). Approval for this study was granted by the
Texas Woman's University Animal Care Committee (Appendix A).
During the 4 day acclimation period, the animals were fed the
Teklad rat diet and given free access to water. Following

acclimation, sixty three animals were subjected to



Male Sprague-Dawley Rats (n=79), 120 + 25 g,
housed individually in metabolic cages

acclimation period for 4 days

Ligation of two branches of the arteries of the left kidney

and removal of the right kidney

Sixty three rats survived from surgery

Food removed, 24 hr urine collection

recovery period for 11 days

| | |

MaxEPA- Com oil- MaxEPA-
Casein Casein Soy
(n=16) (n=16) (n=15)

Food removed, 24 hr urine collection

for ancther 7 weeks

Food removed, 24 hr urine collection
blood pressure measurements (n=10/group)

Corn oil-
Soy
(n=16)

experimental feeding period for 6 weeks

experimental feeding period continued

sacrificied
heart weighed kidney removed, blood drawn,
preserved until analysis serum stored at -70 C
performed until analyses performed

Figure 1. Experimental Design

35



36
partially nephrectomy by the removal of their right kidney
and surgical infarction of their left kidney. This procedure
is currently used at the University of Texas Southwestern
Medical Center, Dallas, Texas (Appendix B). All animals were
allowed to recover from surgery for 11 days during which time
they received Teklad rat diet and water ad libitum. Those
that survived from surgery were randomly assigned_to one of
the experimental diets. The diets contained the following
main ingredients: a) 24% Casein - 5% MaxEPA oil (MOCAS), b)
24% Casein - 5% Corn oil (COCAS), c) 24% Soy - 5% MaxEPA oil
(MOSOY), and d) 24% Soy - 5% Corn oil (COSOQOY). The
experimental diets were isocaloric and isovitaminic (Table
1) . The concentrations of fatty acids and amino acids in the
diets are listed in Table 2 and 3, respectively. The
experimental diets were based on the composition of the AIN-
76A Semi-purified Rat Diet, however, they contained fat from
different sources (either MaxEPA or corn oil) and also
protein of different quality (either soy protein or caseinj.
All experimental diets were formulated and pélleted by U.S.
Biochemical Corporation, Cleveland, Ohio. Animals were fed
their corresponding diets and provided water ad lib for 13
weeks. Body weights were measured weekly and food intake was
determined every other day. During the last week of study
period (week 13), blood pressures were taken from rats

(n=10/group) using a tail cuff method (Appendix C).
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Chemical Composition of Experimental Dietsl

Component MaxEPA— Corn Qil— MaxEPA- Corn oil-
Caseln Caseln Soy Soy
% % % %
Moisture 8.3 7.5 8.3 6.8
Protein 23.6 22 .7 23.1 22.8
Fat 4.7 4.7 4.4 4.8
Fiber 2.5 2.9 2.7 2.6
Ash 2.7 2.7 3.3 3.3
Sodium 0.12 0.12 0.42 0.42
Potassium 0.39 0.39 0.41 0.41
Calcium 0.46 0.46 0.54 0.52
Phosphorus 0.54 0.55 0.59 0.58
Magnesium 0.054 0.054 0.073 0.072
Carbohy - 58.2 59.5 58.2 59.7
drates
Calories 370 371 365 373
er 100 g
Texas.

1Analysis performed by Pope Testing Lab, Dallas,
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38

Fatty Acid Composition of Experimental Dietsl

Fatty Acids MaxEPA- Corn Qil— MaxEPA- Corn oil-
Caseln Caseln Soy Soy

(% of TFA2)| (% of TFA) (% of TFA) (% of TFA)
Lauric 0.1 <0.1 <0.1 <0.1
Myristic 12.7 0.1 8.8 <0.1
Myristoleic 0.6 0.1 0.5 <0.1
Palmitic 27.0 11.0 21.4 10.5
Palmitoleic 10.3 0.1 11.3 <0.1
Stearic 4.9 2.5 5.1 2.1
Oleic 13.7 26.6 16.7 27.0
Linoleic 4.9 58.1 5.1 59.2
Linolenic 0.8 1.4 <0.1 1.2
Arachidonic 0.7 <0.1 0.9 <0.1
Eicosapen- 16.0 <0.1 17.8 <0.1
tanoic acid
Docosahexa- 8.3 <0.1 12.4 <0.1
noic acid

lanalysis performed by NET Midwest Inc., Chicago, IL.
2Total Fatty Acids
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Amino Acid Composition of Experimental Dietsl
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Diet Group

Amino Acid MaxEPA- Corn oil- MaxEPA- Corn oil-
(mg/g diet) Casein Casein Soy Soy
Aspartic 17.71 16.79 21.57 26.83
Threonine 10.32 9.76 6.99 8.35
Serine 11.10 9.75 7.57 9.02
Glutamic 57.50 54.24 37.72 45.74
Glycine 4.66 4.40 7.93 9.71
Alanine 16.43 7.14 8.11 9.90
Valine 17.39 16.48 10.54 12.68
Cystine 0.75 0.81 1.56 1.88
Methionine 8.46 8.66 4.71 5.19
Isoleucine 13.55 13.01 9.74 11.75
Leucine 23.47 22.70 15.56 18.90
Tyrosine 10.35 9.83 5.44 6.63
Phenylala-

nine 12.59 11.96 9.92 12.11
Lysine 21.34 19.76 12.27 14.85
Histidine 6.74 6.27 4.35 5.10
Arginine 8.53 8.15 13.47 16.44
Proline 28.30 26.84 10.53 13.21

lAnalysis performed by Genetic Screening and Counselling

Services,

Denton,

Texas
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Sample Collection for Analvsis

Twenty four hour urine collections were performed three
times for each animal: a) before the experimental feeding
period (day 0), b) six weeks after the experimental feeding
was initiated, and c) at the end of study period (after 13
weeks of experimental diet consumption) (Figure 1). During
these urine collections animals were provided tap water ad
libitum, however, food was removed to prevent the inclusion
of the food into the urine samples. The urine samples were
stored at -700C for future analyses. At the end of study
period, blood was drawn via cardiac puncture. Blood samples
were then allowed to clot for about 15 minutes at room
temperature and centrifuged at 4,000 rpm. Serum was obtained
after centrifugation and stored at -70°C until biochemical
analyses could be performed.

The hearts were discarded after being weighed. The
remnant kidneys were removed, weighed, and preserved in
formalin solution and sent to Southwestern Medical Center for

histopathological analysis (Dallas, Texas).

Biochemical Analvses and Methodologies

Biochemical analyses are outlined in Figure 2. Serum
samples were sent to Dallas Veterinary Laboratory (Dallas,

Texas) for determination of total protein, albumin,
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creatinine, triglyceride, and total, HDL-, and LDL-
cholesterol concentrations. Amino acid profiles were
determined using an Amino Acid Autoanalyzer (performed by
Genetic Screening and Counseling Services, Denton, Texas).
Serum fatty acid [eicosapentanoic acid (EPA), docosahexanoic
acid (DHA) /myristic, linolenic acid (LNA), linoleic acid
(LA), arachidonic acid (AA)] concentrations were determined
using reversed¥phase high performance liquid chromatography,
according to the modified method of Miwa et al., 1986

(Appendix D) and was performed by this investigator.

Statistical Analysis

Data from animals that survived until the end of study
period were analyzed using ANOVA to determine differences
between groups. When significant differences were detected
using ANOVA, a post hoc test was performed. Statistical

analysis was performed using the Statistical Package for the

Social Sciences Series X (SPSSX).



CHAPTER IV

RESULTS

The primary objective of this study was to determine the
effects of dietary manipulation, especially the combinations
of certain types of dietary polyunsaturated fatty acids and
proteins of different quality, on the progression of renal
lesions as well as on those which are biochemical parameters
commonly associated with renal problems in nephrectomized

rats.

The specific objective of this study was to observe the
effects of the designed manipulations on certain serum
constituents such as total protein, albumin, creatinine,
triglycerides and total, HDL- and LDL-cholesterol. Serum
amino acids (arginine, lysine, leucine, proline) and fatty
acids (EPA, DHA/myristic, linolenic acid, linoleic acid, and
arachidonic acid) concentrations were also measured. In
addition, urinary total protein and blood pressures were also
determined. Finally, a histopathological examination of
remnant kidneys was performed to ascertain the effects of
dietary fatty acids and proteins on renal cellular tissue

damage.
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Effects of Dietarv Polvunsaturated Fatty Acids and Proteins
on Bodv Weight and Food Intake of Nephrectomized Rats

Body weight was recorded weekly throughout the study
period. The mean body weight of animals in each of the
experimental groups after 13 weeks of feeding was 470.4 *
12.6 g for the MOCAS group (n=13), 427.7 * 14.5 g for the
COCAS group (n=16), 439.3 £ 15.5 g for the MOSOY group
(n=11), and 473.8 = 9.3 g for the COSOY group (n=14). No
significant differences were found in body weights. There was
a slightly decrease in weight gain at the end of study period
in all groups (Figure 3).

Data of food intake showed that the animals consumed
similar amounts of food at the end of study period. There was
a slightly increase in the food intake of the MOSOY group but

it was not statistically significant when compared to the

other groups (Figure 4).

Effects of Dietary Polvunsaturated Fatty Acids and Proteins

on Serum Total Protein and Albumin Concentrations

The MOSOY group exhibited the highest protein
concentration (5.9 £ 0.1 g/dL) and the COSOY group exhibited
the lowest serum total protein concentration (5.8 * 0.1
g/dL). The serum total protein concentrations of the MOCAS
and COCAS groups were 5.8 £ 0.1 g/dL and 5.8 * 0.1 g/dL,

respectively. No significant differences were observed
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(p<0.05) in the serum total protein concentrations (Figure
5 a

Determination of serum albumin concentrations showed
that there were no significant differences (p<0.05) between
groups. Rats fed the MOCAS diet exhibited slightly higher
serum albumin concentrations when compared to the other
experimental groups, however, the increase was not
significant. The mean serum albumin concentrations of the
MOCAS, COCAS, MOSOY, and COSOY diets were 1.6 * 0.1 g/dL, 1.5

+ 0.0 g/dL, 1.5 £ 0.1 g/dL, and 1.5 * 0.1 g/dl, respectively

(Figure 6).

Effects of Dietary Polvunsaturated Fatty Acids and Proteins

on Serum Creatinine Zoo 2ntrations

Rats fed the COSOY diet exhibited the lowest serum
creatinine concentrations (0.9 = 0.0 mg/dL), followed by the
MOCAS group (1.2 * 0.3 mg/dL), the COCAS group (1.3 + 0.3
mg/dL) and the MOSOY group with the highest value (1.4 + 0.4
mg/dL) (Figure 7). No significant differences in serum

creatinine concentrations were detected between groups.



Serum Total Protein (g/dL)

MaxEPA-  Corn oil- MaxEPA- Corn oil-
Casein Casein Soy Soy

Experimental Groups

Figure 5. Effects of dietary polyunsaturated fatty acids and
proteins on serum total protein concentrations*,** of

nephrectomized rats.

* Values are means + SE
~*Different letter superscripts indicate significant differences

(p<0.05)
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Serum Albumin (g/dL)

25

1.5}

1.0}

0.0

MaxEPA- Corn oil- MaxEPA- Corn oil-
Cascin  Casein Soy Soy

Experimental Groups

Figure 6. Effects of dietary polyunsaturated fatty acids

* kk

and proteins on serum albumin concentrations®,
of nephrectomized rats.

* Values are means + SE
**Different letter superscripts indicate significant

differences at p<0.05
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Serum Creatinine (mg/dL)

2.0

1.0

0.0

MaxEPA- Corn oil- MaxEPA- Corn oil-
Casein Casein Soy Soy

Experimental Groups

Figure 7. Effects of dietary polyunsaturated fatty acids

* k&

and proteins on serum creatinine concentrations®,
of nephrectomized rats.

* Values are means + SE
~Different letter superscripts indicate significant

differences at p<0.05
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on Serum Triglvceride Concentrations
Determination of serum triglyceride concentrations

showed that the MO-fed rats had non-significantly lower serum
triglyceride concentrations when compared to the CO-fed rats.
Rats fed COCAS diet exhibited the highest serum triglyceride
concentration (130.2 * 17.7 mg/dL), followed by the COSOoY
group (112.4 % 16.1 mg/dL), the MOSOY group (110.8 * 23.7

mg/dL), and the MOCAS group (91.3 * 14.9 mg/dL) (Figure 8).

Effects of Dietarv Polvunsaturated Fattv Acids and Proteins

on Serum Total Cholesterol Concentrations

Figure 9 shows that CO-fed rats had higher serum total
cholesterol concentrations when compared to those fed the MO
diets. Casein lowered serum total cholesterol when fed
concomitantly with MO. The combined casein and corn oil diets
contributed to significantly higher serum total cholesterol
concentrations than did the diets containing casein and
MaxEPA oil (151.7 * 16.0 mg/dL vs 81.2 * 11.3 mg/dL). When

fed concomitantly with soy protein, MaxEPA oil exerted a

cholesterol-lowering effect as compared to Corn oil feeding

(116.3 + 25.2 mg/dL vs 139.6 % 12.5 mg/dL) .



Serum Triglyceride (mg/dL)

200

MaxEPA- Corn oil- MaxEPA- Corn oil-
Casein Casein Soy Soy

Experimental Groups

Figure 8. Effects of dietary polyunsaturated fatty acids

and proteins on serum triglyceride concentrations®*,
of nephrectomized rats.

* Values are means t SE
*Different letter superscripts indicate significant differences

at p<0.05
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Total Cholesterol (mg/dL)

200

100

53

MaxEPA- Corn oil- MaxEPA- Corn oil-
Casein  Casein  Soy Soy

Experimental Groups

Figure 9. Effects of dietary polyunsaturated fatty acids
and proteins on serum total cholesterol concentrations®,**

of nephrectomized rats.

* Values are means + SE
~Different letter superscripts denote significant differences

at p<0.05
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on Serum HDL-Cholesterol Concentrations
Serum HDL cholesterol concentrations of rats fed MaxEPA
oil diets were lower than those fed corn oil diets. The COCAS
diet contributed to a significantly higher serum HDL
concentration when compared to the MOCAS diet (102.4 * 9.2
mg/dL vs 49.4 * 8.3 mg/dL). Soy protein exerted an HDL-
lowering effect when fed concomitant with MaxEPA oil (MOSOY
vs COSOY: 76.3 * 16.1 mg/dL and 98.8 * 7.1 mg/dL,

respectively) (Figure 10).

Effects of Dietarv Polvunsaturated Fattyv Acids and Proteins
on Serum LDL Cholesterol Concentrations

Evaluation of serum LDL-cholesterol concentrations

indicated that no significant differences between the four
experimental groups. Rats fed the COCAS diet exhibited a
markedly higher concentration of serum LDL cholesterol (30.0
t+ 8.4 mg/dL) when compared to the other three groups. Feeding
MOCAS diet yielded the lowest serum LDL cholesterol values
(12.8 * 3.7 mg/dL), followed by the MOSOY group (17.4 + 5.8

mg/dL) and the COSOY group (18.0 + 4.4 mg/dL) (Figure 11).



HDL cholesterol (mg/dL)
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a<ZPA-  Corn oil- MaxEPA-  Corn oil-
Casein Casein  Soy Soy

Experimental Groups

Figure 10. Effects of dietary polyunsaturated fatty acids
and proteins on serum HDL cholesterol concentrations®,**

of nephrectomized rats.

* Values are means = SE
=Different letter superscripts indicate significant differences

at p<0.05



LDL Cholesterol (mg/dL)

50

40

MaxEPA-  Corn oil- MaxEPA- Corn oil-
Casein Casein Soy Soy

Experimental Groups

Figure 11. Effects of dietary polyunsaturated fatty acids
and proteins on serum LDL cholesterol concentrations®,**

of nephrectomized rats.

* Values are means + SE
**Different letter superscripts indicate significant differences

at p<0.05
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Serum concentrations of threonine, serine, alanine,
leucine and proline were significantly higher (p<0.05) in
casein-fed animals than in soy-protein fed ones (Table 4).
The serum concentration of arginine, on the other hand, was
higher (p<0.05) in the soy-fed groups than the casein-fed
groups. The serum concentrations of the remaining amino acids

were not significantly different among groups (Table 4).

Effects of Dietarv Polvunsaturated Fatty Acids and Proteins
S E i 4 Fi]

Determination of serum eicosapentanoic acid (EPA)
concentrations showed that MaxEPA oil-feeding contributed to
significantly higher (p<0.05) concentrations of EPA when
compared to corn oil-feeding (Table 5).

Docosahexanoic acid (DHA) and myristic acid had similar
retention times when analyzed using HPLC. For that reason,
the concentrations of these two fatty acids were reported
together. Serum DHA+myristic acid concentrations were

significantly higher (p<0.05) in the MaxEPA-fed animals than

in those fed corn oil (Table 5).



TABLE 4
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Effects of Dietary Polyunsaturated Fatty Acids and
Proteins on Serum Amino Acid Profiles of

Nephrectomized Ratsl:?2

Diet Groups
Amino Acid MaxEPA- Corn oil- MaxEPA- Corn oil-
(Mmool /ml) Casein Casein Soy Soy

Taurine 0.45+0.043 ] 0.46+0.052 | 0.6440.192 | 0.45+0.032
Aspartic 0.04+0.002 ] 0.05+0.01@P] 0.07+0.01P | 0.06+0.00ab
Threonine 0.4140.022 | 0.46+0.022 | 0.32+0.03P | 0.33+0.01b
Serine 0.43+0.022 | 0.44+0.022 | 0.3240.03Pb | 0.3240.01b
Glutamic 0.3140.022@ | 0.3040.03@ | 0.22+0.043b} 0.19+0.01b
Glycine 0.58+0.032 ] 0.54+40.02ab]0.47+0.05ab| 0.45+0.01b
Alanine 0.8940.042 | 0.89+0.032 | 0.66+0.05P | 0.65+0.02b
Valine 0.23+0.012 ] 0.24+40.018 | 0.2440.052 | 0.19+0.01@
Cystine 0.0140.002] 0.01+0.002 ] 0.0540.042 | 0.0240.002
Methionine [0.09+0.012P| 0.09+0.00@ | 0.0740.010 | 0.08+0.00ab
Isoleucine [0.16+0.012P| 0.184+0.012 | 0.1440.01P | 0.1440.01b
Leucine 0.254+0.01a | 0.27+0.01@ | 0.18+0.02P | 0.18+0.01b
Tyrosine 0.10+0.012] 0.09+0.012 ] 0.0940.022 | 0.07+0.002
Phenylala-

nine 0.1340.00a | 0.1440.002 ] 0.1140.012 | 0.0940.002
Lysine 0.53+0.02ab[ 0.65+0.028 | 0.5040.06P | 0.55+0.048b
Histidine 0.0740.012 ] 0.0840.012 | 0.1140.043 | 0.1140.042
Arginine 0.09+0.023 ] 0.0940.032 |0.1440.033D| 0.18+0.01b
?{gzoxypro 0.06+0.00a | 0.0740.002 | 0.054+0.002 | 0.06+0.012@
Proline 0.25+0.018] 0.28+0.018 | 0.1740.02P | 0.21+40.01b
Citrulline | 9.09+0.002 ] 0.1140.012] 0.09+0.013 | 0.1040.012

lanalysis performed by Genetic Screening and Counselling

Services,

Denton,

Texas

2values are means t SE. Values with different letter
superscripts across the row indicate significant differences

(p<0.05)
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Serum linolenic acid concentrations were significantly
higher (p<0.05) in rats fed corn o0il when compared to those
fed MaxEPA o0il (Table 5).

The animals that were fed corn oil had also
significantly higher (p<0.05) concentrations of linoleic acid
when they were compared to MaxEPA oil-fed rats (Table 5).

As with serum linoleic acid, the mean of serum
arachidonic acid concentrations were signifficantly higher
(p<0.05) in corn oil-fed animals than MaxEPA-fed groups. Both
corn oil-fed groups had four times higher serum arachidonic

acid concentrations when compared to MaxEPA-fed rats (Table

2) .

Effects of Dietary Polvunsaturated Fatty Acids and Proteins
on Remnant Kidnevs

Histological examination of remnant kidneys were

performed to determine the extent of renal tissue damage. A
maximum of 100 glomeruli were examined in each specimen.
Glomerulosclerosis was‘defined as the dissappearance of
cellular elements from the tuft, the collapse of capillary
lumens, and/or the folding of the glomerular basement
membrane with an entrapment of hyaline amorphous materials.
Focal and global glomerular sclerosis was determined in

100 glomeruli. The number of glomeruli that experienced
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sclerosis were combined to determine the total percentage of
sclerosis. No significant difference (p<0.05) was detected in
the degree of glomerulosclerosis among the four groups of

rats (Figure 12).

Ff f D . ) .
on Blood Pressures

Systolic and mean blood pressures (MBP) were measured at
the end of the study period for 40 rats (10 rats per group).
Both systolic and MBP were similar between groups. Rats fed
the MaxEPA-Casein diet had a slightly higher but non-
significant systolic blood pressure (158.9 + 5.6 mmHg) when
compared to the other three groups. The systolic blood
pressure of the COCAS, MOSOY, and COSOY groups were 144.7 %
4.7 mmHg, 148.9 * 8.0 mmHg, 149.9 * 6.2 mmHg, respectively.

Mean blood pressure values for rats fed MaxEPA oil were
non-significantly higher when compared to those of rats fed
the corn oil diets. The means of MBP were 134.4 % 5.9 mmHg,
121.2 +5.5 mmHg, 130.2 * 8.0 mmHg, and 116.7 £ 6.4 mmHg for

the MOCAS, COCAS, MOSOY, and COSOY groups, respectively

(Figure 13).



Glomerulosclerosis (%)

40

62

MaxEPA- Corn oil- MaxEPA- Corn oil-
Casein Casein Soy Soy

Experimental Groups

Figure 12. Effects of dietary polyunsaturated fatty
acids and proteins on the extent of kidney tissue damage*,**

in nephrectomized rats.

* Values are means + SE
*Different letter superscripts indicate significant differences

(p<0.05)



Blood Pressure (mmHg)
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300
I Systolic Blood Pressure
Mean Blood Pressure
200 | (n=10)
n= - -
(n=12) (n=10) (n=10)
100
0
MaxEPA- Corn oil- MaxEPA- Corn oil-
Casein Casein Soy Soy

Experimental Groups

Figure 13. Effects of dietary polyunsaturated fatty acids
and proteins on blood pressures*,* of nephrectomized

rats.

* Values are means + SE _ o
~Different letter superscripts indicate significant

differences at p<0.05
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on Urinary Total Protein Excretion
There were no significant differences among the four
dietary treatment groups in regards to the level of urinary
total protein. However, rats that were fed the Corn oil-Soy
diet exhibited the highest urinary protein excretion when
compared with the other groups. Soy protein fed animals had
higher levels of protein in their urine, regardless of the

dietary fat source (Figure 14).



Urinary Total Protein (mg/dL)
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MaxEPA- Corn oil- MaxEPA- Corn oil-
Casein Casein  Soy Soy

Experimental Groups

Figure 14. Effects of dietary polyunsaturated fatty acids

and proteins on urinary total protein concentrations*,
of nephrectomized rats.

*Values are means t SE
**Different letter superscripts indicate significant

differences (p<0.05)
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CHAPTER V

DISCUSSION

High blood lipid levels have been reported to occur in
Chronic Renal Disease (CRD) patients and are thought to play
a major role in renal function impairment and cardiovascular
disease. An increase in hepatic lipoprotein synthesis and a
decreased in blood lipid clearance have been reported as the
possible mechanisms (Zeman, 1983) that contribute to these
high blood lipid concentrations.

The promising effects of n-3 fatty acids on blood
pressure and also on blood lipid profiles have been
rigorously explored during this last decade (Nestel et al,
1989; Knapp and FitzGerald, 1989; Singer et al., 1985). Plant
protein has also been reported to have a potential beneficial
effect on serum lipid levels and also on blood pressures
(Williams et al., 1987; Kontessis et al., 1990; Margetts et
al., 1985). This study examined the potential benefit of
omega-3 PUFAs and plant protein on the serum lipid profiles

as well as on the blood pressures of nephrectomized rats.

66
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Body Weight and Food Intake

A reduction in food intake and an impairment of weight
gain in uremic animals fed different types of diets has been
reviewed by Laori et al. (1990). Haines et al. (1989), on the
other hand, observed normal food intake and weight gain in
uremic rat models. Williams et al. (1987) found that rats fed
soya protein had lower body weights when compared to casein-
fed animals, suggesting a poor intestinal absorption with the
soy diets.

In the present study, all groups of rats exhibited a
linear weight gain whereas food intake revealed a more
irregular pattern. Mean body weights and food consumption of
all groups, however, were not statistically different
(p<0.05) . The achievement of these comparable results in
weight gain and food intake might therefore be assumed to be

non-confounding factors regarding the clinical parameters

being examined in this research.

Serum Total Protein and Albumin

Abnormalities in the metabolism of serum proteins and

amino acids usually occur in renal failure patients. Grossman

et al. (1977) found that serum albumin concentrations were

low whereas intracellular albumin concentrations 1in the liver

were high in rats with renal failure. Lower concentrations of

serum protein and albumin have been observed 1n uremic rats
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when they were compared to their respective controls (Zoja et
al, 1988). Savin et al (1989) observed significantly
diminished serum protein levels in nephrectomized rats that
were fed protein restricted diets (6% protein) compared with
those fed normal protein diets (24% protein) and their sham-
operated controls.

In the present study, both serum total protein and
albumin concentrations were similar in all four groups,
however, a non-significantly higher concentration of serum

albumin was observed in rats fed MaxEPA-casein diet.

S - ..

Serum creatinine and blood urea nitrogen (BUN) are
traditionally the most widely used screening tests to
determine renal function in all species. Creatinine is a
product of muscle metabolism, and serum concentrations tend
to stay relatively constant, however, they may be influenced
by diet or by changes in nitrogen balance (Breiler and

Schedl, 1962).
In their study, Kontessis et al (1990) did not find

significant differences in plasma creatinine levels 1in

healthy volunteers after they were fed either animal or

vegetable proteins. Protection of renal function, as

evidenced by lower serum creatinine levels during fish oil
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feeding of nephrotic rats, was observed by Ito et al.,
(1988) .

In the present study, serum creatinine concentrations
were non-significantly higher in animals maintained on
MaxEPA-soy protein diets as compared to the other three
experimental groups. The combination of corn o0il and soy

protein showed the lowest serum creatinine level.r

S i q] {3

The principal effect n-3 fatty acids have on blood
lipids is via the lowering of triglyceride concentrations
(Leaf and Weber, 1988). These favorable effects of n-3 fatty
acids seem to be dose related and are more marked in
individuals with hypertriglyceridemia (Herold and Kinsella,
1986). Serum triglyceride levels have also been observed to
decrease in hyperlipidemic hemodialysis patients after fish
0il concentrate consumption (Hamizaki et al., 1984). The role
of plant protein in lowering triglyceride concentrations has
also been suggested by Williams et al. (1988) for their
nephrectomized rat models.

In the present study, no significant differences were
found in serum triglyceride concentrations. The favorable
effect normally noted for soy protein was not apparent.
MaxEPA-fed groups showed a non-significantly lower

triglyceride concentration when they were compared to corn
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oil-fed rats. The triglyceride-lowering effects of fish oil
have been suggested to be mediated mainly through inhibition
of hepatic formation of VLDL. Wong et al. (1984) reported a
decreased‘in fatty acid synthesis but an increased in fatty
oxidation which together greatly reduced the availability of
fatty acids for esterification to glycerides in livers of
rats fed fish oil. When fed concomitantly with MaxEPA oil,
casein had a non-significantly greater effect in lowering the
serum triglycerides than did soy protein. However, the
reverse was true when the proteins were fed concomitantly
with corn oil. Based on the present findings, the types of
fat might override the triglyceride-lowering effects of soy

protein.

Serum Total Cholesterol

Disorders of lipid metabolism are known to be common
indicators of impaired renal function. A series of studies
involving consumption of polyunsaturated fatty acids on serum
total cholesterol concentrations have been done quite
extensively in the past few years.

Ito et al. (1987) reported that feeding higher
concentrations of fish oil (14%) appeared to significantly
reduce serum total cholesterol in adriamycin induced
nephrotic syndrome rats. Williams et al. (1987) found that

the serum cholesterol concentrations of rats fed soya diets
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were lower than concentrations in rats fed casein. This
pattern occurred for both subtotally nephrectomized rats and
normal control rats.

The results of the present study did not totally support
the findings of the above published data. Serum total
cholesterol concentrations of rats fed MaxEPA o0il were lower
when compared to levels in rats fed corn oil diets. In
contrast to the results of the above studies, rats fed a
casein diet exhibited the lowest rise in serum total
cholesterol level when fed concomitantly with MaxEPA oil.
Diets containing a combination of corn oil and casein
contributed to a significantly higher concentration in serum
total cholesterol when compared to the rats that were fed the
MaxEPA-casein diets. Data from the present study are in
agreement with other studies as to MaxEPA and corn oil

effects on total cholesterol concentrations.

Serum Lipoproteins

Dietary omega-3 polyunsaturated fatty acids have been
reported to favorably influence serum lipid profiles. The
most consistently reported effect of fish oil is its
triglyceride-lowering effect (Nestel et al., 1989; Packard
et al., 1984). It is thought that this triglyceride-lowering
effect to be the results of an inhibition of hepatic

triglyceride synthesis and secretion of smaller VLDL
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particles which are known to be more readily converted to LDL
than larger, triglyceride-rich particles.

Results from research regarding MaxEPA oil's effect on
HDL-cholesterol levels are inconsistent. Some studies have
indicated that fish oil therapy can significantly increase
total HDL- cholesterol (Flaten et al, 1990; Harris et al.,
1983, Rolf et al., 1990), whereas other studies have reported
a significant reduction in HDL-cholesterol after n-3 fatty
acid consumption (Nestel et al., 1984). Based on the results
of the present study, feeding fish o0il contributed to lower
HDL-cholesterol when compared to corn oil feeding. The effect
of fish oil on HDL-cholesterol needs to be explored
extensively since the findings are inconsistent.

The effect of dietary fish oil on LDL-cholesterol levels
have also received particular attention since this LDL-
cholesterol when in an oxidized form, has been reported to
play an important role in the progression of renal tissue
damage (Wight et al., 1989; Steinberg et al., 1989, Wheeler
et al., 1990). Most studies have found that fish oil
consumption causes either no change in LDL cholesterol (Blonk
et al., 1990; Flaten et al, 1990; Hughes et al., 1990; Harris
et al., 1988) or increases LDL cholesterol concentration
1991) . In variance with the above findings,

(Fumeron et al.,

the present study found that MaxEPA oil feeding led to non-

signifantly lower LDL cholesterol concentrations when
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compared to corn oil feeding. From the present data, it would
appear that fish oil consumption may be of benefit in regards

to LDL cholesterol.

Serum Amino Acid Profile

The diseased kidney directly affects protein and amino
acid metabolism. Some of the reasons for this involve the
malfunctioning kidney's decreased capability to synthesize or
catabolize certain hormones and amino acids, to degrade
peptides and small proteins, and to produce or use certain
amino acids.

The normal kidney plays an important role in the
production and utilization of certain amino acids. The
abnormally low ratio of plasma serine:glycine in renal
failure patients may reflect an impaired synthesis of serine
from glycine by the kidney (Pitts et al., 1970). The kidneys
may also contribute to the body homeostasis of histidine,
alanine, glutamic acid, asparagine and glycine as well as
other amino acids.

In the present study, serum amino acid concentrations

were determined to assess whether the amino acids that were

predominantly present in plant (soy protein) and animal
(casein) proteins would affect the blood concentrations of

those specific amino acids. The analysis of serum amino acid

concentrations showed that the serum amino acid arginine was
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significantly higher in rats consuming soy protein diets. The
serum concentrations of threonine, serine, alanine, leucine,
and proline, on the other hand, were significantly higher in
the casein-containing groups. Interestingly, serum amino acid
concentrations were found to be positively correlated with

dietary amino acids.

Serum Fatty Acid Profile

The effects of dietary polyunsaturated fatty acids on
serum or plasma fatty acid profiles have received particular
attention because of the important roles that the
precursors of PUFAs play in regards to eicosanoid activity.
Eicosapentanoic acid (20:5n-3) and DHA (22:6n-3) are the
predominant fatty acids in fish oil.

Consumption of fish oil has been shown to increase the
plasma or serum concentrations of EPA and DHA (Schaap et al.,
1987; Kasiske et al., 1989). The findings of the present
study are in agreement with results from these studies. The

serum concentrations of EPA and DHA were significantly

increased in the MaxEPA oil-fed groups. The mean serum

linoleic, linolenic, and AA concentrations were significantly

higher in corn oil-fed groups compared to MaxEPA-fed groups.
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Blood Pressures

William and Walls (1987) reported that the mean blood
pressure of subtotally nephrectomized rats fed either 24%
casein or soya was significantly higher than control values
but the blood pressure of animals ingesting a 24% casein diet
did not differ from those consuming a 24% soya diet.

Administration of fish oil has also been reported to
lower blood pressure (Singer et al., 1985; Knapp and
FitzGerald, 1989). Mortensen et al (1983) found that systolic
blood pressure fell significantly when MaxEPA oil

administered to healthy volunteers.

In contrast to the above findings, the results of the
present study did not support the blood pressure lowering
effect of either MaxEPA oil or soy protein. The blood-

lowering effects of MaxEPA oil and soy protein were not

apparent in this study.

Dietarv Manipulations and Proaression of Renal Tigsue Damage

In rats subjected to renal ablation, it has been

proposed by Hostetter et al (1981) that glomerular

hyperfiltration is associated with augmented macromolecular
flux into the mesangium. Michael et al (1980) have postulated

that the glomerular mesangium is a frequent site for the

localization of macromolecular proteins in both experimental

and clinical glomerular disease. Both alterations 1n
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glomerular hemodynamics and/or increased mesangial traffic
with the consequent entrapment of macromolecules, may
ultimately lead to mesangial expansion and eventual
glomerulosclerosis.

In the present study, the extent of renal tissue damage,
as determined by examining the focal and global sclerosis of
glomeruli, was not significantly different among all dietary
treatment groups. The diets which contained both MaxEPA and
soy protein exhibited the highest percentage of glomerular
sclerosis and this percentage was twice as high as the
sclerosis percentage in the MaxEPA-casein and corn oil-soy

fed rats. Very limited data is available on the effect of n-3

fatty acids on the degree of glomerular sclerosis.

High protein diets have commonly been associated with

high degree of proteinuria (Bertani et al., 1989). They
reported that high protein diets (35% protein) significantly

increased the degree of proteinuria whereas low protein diets

were associated with mild proteinuria. The quality of protein

has been reported to have a favorable effect on the degree of

proteinuria. Williams and Walls (1989) reported that

subtotally nephrectomized rats when fed a 24% casein diet,

sustained significantly greater renal damage as assessed by

greater values of proteinuria when compared to rats fed a 24%
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soya diet. In their previous study, Williams et al. (1987)
also observed a significantly higher progressive rise in
urinary protein excretion in experimental animals fed casein
diets in comparison with those fed soya diets.

The effects of fish o0il on renal function have been
extensively studied. It has been reported that fish 0il may
have beneficial or toxic effects in the rodent remnant
nephron model (Barcelli and Pollak, 1989; Scharschmidt et
al., 1987). Scharschmidt et al. (1987) found that fish oil
provided no benefit regarding the degree of proteinuria in
the 5/6 nephrectomized rats. By contrast, Barcelli and Pollak
(1989) observed that fish oil reduced proteinuria compared to
nephrectomized rats that were fed safflower 0il or a control
diet. In the present study, all groups exhibited a high
degree of proteinuria, but no significant differences were
detected between groups (p<0.05). Corn oil-Soy diet
contributed to the highest degree of proteinuria with values
that were almost twice as high as in the other groups. The

beneficial effects of MaxEPA oil and soy protein on urinary

protein excretion were not apparent in this study.



CHAPTER VI

SUMMARY AND CONCLUSION

Abnormalities in lipid and protein metabolism are the
common findings in chronic renal disease patients. Dietary
manipulations have been found to be able to minimize the risk
of the death due to cardiovascular impairment.
Epidemiological studies have shown that consumption of omega-
3 fatty acids from marine origin reduce mortality from
cardiovascular disease. This potential favorable effect of
omega-3 fatty acids has triggered the interest of many
researchers.

Food protein quality has been shown to also impact on
the progression of vascular lesion development in humans and
in animal models. Dietary plant proteins have been shown to
lower the degree of tissue damage and proteinuria in renal
disease subjects. There are limited data with regard to the
effect of dietary plant proteins on serum lipid and amino
acid profiles. Therefore, this study was designed to
determine the effect of plant protein in combination with
different types of fats on kidney metabolism and health.

78



79

The primary objective of this study was to examine the
effects of dietary polyunsaturated fatty acids and proteins
on the renal function and serum lipid levels of uremic rats.

No significant differences were found in the progression
of renal lesions in nephrectomized rats fed different types
of diets. The degree of proteinuria, although very high
compared to published data, was not significantly different
between groups. No significant differences in serum total
protein, albumin, and creatinine concentrations were found
between groups. Serum triglyceride concentrations were non-
significantly lower in rats fed the MaxEPA oil diets. Serum
total cholesterol and HDL-cholesterol were significantly
higher in the corn o0il fed groups when compared to MaxEPA fed
groups. Serum LDL cholesterol was markedly higher in corn
oil-casein group but no significant difference were detected
(p<0.05) between groups. Blood pressures were not
significantly different among groups. Significantly higher
serum EPA and DHA and significantly lower serum linoleic and
AA concentrations were observed in the MaxEPA-fed groups.
Serum arginine concentrations were higher in soy-fed animals,
whereas concentrations of serum threonine, serine, alanine,
leucine, and proline were significantly higher in casein-fed

rats.
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The following conclusions can be drawn from this study:

1. The designed experimental diets did not affect the body
weight and food intakes of nephrectomized rats.

2. No significant difference in serum total protein,
albumin, and creatinine concentrations were noticeable
between groups.

3. Rats fed MaxEPA o0il diets had non-signifiantly lower
serum triglyceride concentrations when compared to corn
oil-fed groups of rats.

4. MaxEPA-fed rats had lower serum cholesterol than corn-
0il fed rats. A combination of dietary casein and corn
0il gave the highest serum total cholesterol level and
the values were significantly different from those on
the MaxEPA-Casein fed rats.

5. The serum HDL cholesterol concentrations of rats given
MaxEPA o0il diets were lower compared to corn oil-fed
groups. Both casein and soy protein exerted and HDL-
raising effect when fed concomitantly with corn oil.

6. Serum concentrations of threonine, serine, alanine,
leucine, and proline were significantly higher in the
casein-fed groups than in the soy-fed groups. On the
other hand, serum arginine concentration was

significantly higher in the soy-fed groups.
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7. Feeding MaxEPA oil contributed to significantly
higher concentrations of serum EPA and DHA+myristic
concentrations compared to corn oil feeding.

8. Serum linolenic, linoleic, and AA concentrations were
significantly lower in MaxEPA-fed rats as compared to
corn oil-fed rats.

9. Blood pressures were not significantly different among
groups.

10. No significant differences in urinary protein excretion
were found between groups. All nephrectomized rats
exhibited high degree of proteinuria, however, the Corn
0il-Soy fed animals were the worst. The urinary total
protein concentration in the COSOY group was twice as

high as in the other groups.

Based on the present findings, the beneficial effects of
both MaxEPA and soy protein were not apparent. The
combination of those two components in normal protein level
(24%) and low fat level (5%) did not give the best results in
term of the serum lipid profiles, degree of proteinuria, and
blood pressures. However, MaxEPA oil may have beneficial
effect by lowering the serum total cholesterol,
triglycerides, and LDL cholesterol, which in turn may reduce

the progression of vascular lesions in nephrectomized rats.
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