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Abstract: The present study was conducted to investigate the effect supplemented diets with different doses of
flaxseed on some biological, biochemical and histopathology changes in rats suffering from nephropathy. Thirty
adult male albino rats "Sprague Dawley strain" weighing (170-175g) were divided into two main groups, the
first main group fed on basal diet as a (negative control group). The second main group (24 rats) injection
with 10 ml glycerol /kg dissolve in saline solution (glycerol / saline solution v/v) to induce renal failure, the dose
of glycerol were injected under slight diethyl ether anesthesia. The second main group divided into four
subgroups, the first subgroup fed standard diet (positive control group). The second subgroup fed standard
diet containing 3% flaxseed. The third subgroup fed standard diet containing 5% flaxseed. The forth subgroup
fed standard diet containing 7% flaxseed. At the end of the experiment (4 weeks), blood samples were taken;
serum was separated and subjected to biochemical analysis (renal function). Glutathione, Malondialdehyde and
histopathology were exanimated in kidney tissue in all groups. The results indicated that all treated groups get
better in body weight gain%, Kidney functions (urea, uric acid and creatinine in serum) and GSH and MDA
renal tissue ameliorated especially in renal failure rats fed on diet containing 5% and 7% flaxseed.
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I.  Introduction

Robert et al., (2004) mentioned that Acute renal failure (ARF) is characterized by sudden loss of the
kidneys to excrete wastes, concentrate urine, conserve electrolytes, and maintain fluid balance, is a frequent
clinical problem, particularly in the intensive care unit, where it is associated with a mortality of between 50%
and 80%.

Renal failure is characterized by abrupt and sustained decline in glomerular filtration rate, which leads
to accumulation of urea and other chemicals in the blood (Kellum et al., 2011).

Definition and diagnosis of acute kidney injury are based on changes in creatinine, which is an
inadequate marker and might identify patients when it is too late. The incidence of acute kidney injury is rising
and increases with advancing age (Anderson et al., 2011).

Acute Kidney injury (AKI), causes are numerous and include low blood volume from any cause,
exposure to substances harmful to the kidney, and obstruction of the urinary tract (Webb and Dobb, 2007).

The overall mortality rate of RF is about 45%; however, the mortality rate of sepsis-induced RF is
about 70%. In addition, sepsis is the most common trigger of RF (Mori et al., 2010).

Flaxseed (Linum usitatissimum) is one such alternative, and it has gained popularity as a dietary
supplement. Flaxseed is the richest known source of lignans, one of the three major classes of phytoestrogens,
and is also a rich source of a-linolenic acid (ALA) and soluble and insoluble fibers. Despite the increasing
popularity of flaxseed as a dietary supplement, no large randomized clinical trials of its effects (Dodin et al.,
2005).

Lignans are one of the major classes of phytoestrogens, which are estrogen-like chemicals and also act
as antioxidants (Milder et al., 2005).

Haliga et al., (2009) showed that Dietary flaxseed supplementation in diabetes mellitus may have
beneficial effects on diabetic nephropathy evolution by reducing the levels of oxidative stress and increasing the
antioxidant defense systems.

1. Material And Method:
Materials:
1. Chemicals: casein"85% protein”, corn starch, DL-methionine, choline chloride, vitamins, minerals,
glycerol required was obtained from EI-Gomhorya Company for chemicals and Drugs, Cairo, Egypt.
2. Flaxseed and sunflower oil required for preparing experimental diets were purchased from local market,
Cairo, Egypt.
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3. Experimental animals: Thirty healthy adult male albino rats "Sprague Dawley strain" weighing (170-
175g.) were obtained from vaccine and immunity organization Helwan Farm, Cairo, Egypt.
4. Kits were obtained from EI-Gomhorya Company for chemicals and drugs, Cairo, Egypt.

I11.  Methods:
1-Biological Experiment: -_induction of renal failure:

Nephropathy was induced in normal healthy rats by injection of (10 mg/kg) "body weight". Saline
solution/ glycerol (v/v) after fasting overnight under slight anesthesia. Control rats received sham injections into
hind limbs under the same amount of anesthesia according to the method were described by (Nobubhito et al.,
1999).

C) Diets:

Standard diet was prepared from fine ingredients per 100g. The diet had the following composition:
sunflower oil 10%; salt mixture 4% according to Hegested et al, (1941), vitamin mixture 1% according to
Reeves et al., (1993) choline chloride 0.2%, DL-methionine 0.3% and protein was added.

Experimental diet was prepared from standard diet with 12% protein according to AIN, (1993) adding
with flaxseed at 3, 5, 79/100gm diet.

D) Experimental design

Thirty healthy adult male albino rats "Sprague Dawley strain" weighing (170-175g.) four weeks old
were divided into five groups of six rats each with similar total body weight and were housed individually in
wire cages.
* The first main group (6 rats) fed on basal diet as a negative control group.
* The second main group: (24 rats) were induced with glycerol 50% (v/v) glycerol in 0.9% saline solution at
10 ml / kg B.W. to induce renal failure in rats (Shibata et al., 1999).
The second main group was divided into four subgroups as a following:
* The first subgroup (6rats) was acute renal failure fed standard diet (as a positive control group).
* The second subgroup (6rats) fed standard diet containing 3g/100g diet of flaxseed.
* The third subgroup (6rats) fed standard diet containing 5g/100g diet of flaxseed.
* The forth subgroup (6rats) fed standard diet containing 7g/100g diet of flaxseed.

Food and water were prepared ad-libitum during the period of experiment (4 wk.); food was calculated
and weight of animals was recorded twice weekly.

At the end of experiment, the animals were fasted overnight, and then sacrificed under anesthesia. Blood
samples were taken in dry centrifuge tubs from hepatic portal vein. Serum was separated at 3000 round per
minute (rpm) for 10 minutes and kept in plastic vial at -20°c until analysis. Kidney was removed, cleaned in
saline solution, and dried by filter paper and weighed.

E) Chemical analysis
Uric acid (UA), blood nitrogen urea (BNU) and serum creatinine (Cr) were determined.
Malondialdehyde (MDA) and glutathione (GSH) evaluated in kidney tissue homogenate.

2- Biological parameters:-

During the experimental (4 weeks), the consumed diet was recorded every day (feed intake), and body
weight was recorded every week. Biological evaluation of the different diets was carried out by determination of
body weight gain % (BWG %) feed efficiency ratio (FER) according to chapman et al., (1959), using the
following equations.

BWG%-= Final weight (g)—initial weight (g) / Initial weight (g) x 100
Feed efficiency= Body weight / Food intake

IV.  Result And Discussion:

Table (1) indicates effect of supplemented different doses from flaxseed (FS) on feed intake (FI) per
gram and body weight gain % (BWG %) of rats suffering from renal failure.

As shown in this table, it could be noticed that mean value of FI "g/day" of rats suffering from renal
failure (control "+" group) was markedly significant decrease p<0.05 than that of the healthy normal rats
(control "-" group). Table (1) and figures (1, 2) indicates effect of supplemented different doses from flaxseed
(FS) on feed intake (FI) per gram, body weight gain % (BWG %) and feed efficiency ratio (FER) of rats
suffering from acute renal failure.
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Also, the control (+) group revealed a high significantly decreased p<0.05 in mean value of FER
compared with those of the control (-) group.

With regard to table (1), it could be observed that the mean of FER for acute renal failure rats fed on
diet containing 3%, 5% and 7% FS, were significantly decreased, compared with that the control (-). On the
other hand, these values were significantly increased, as compared to the control (+) group.

With regard to table (1), it could be observed that the mean of FER for acute renal failure rats fed on
diet containing 7% FS, were significantly increased, compared with that the acute renal failure rats fed on diet
containing 3% and 5% FS.

The decrease of FI in renal failure may be due to accumulation of urea and nitrogen containing
substances in the blood stream which lead to a number of symptoms, such as fatigue, loss of appetite, nausea
and vomiting as stated by (Skorecki et al., 2005).

Regarding to table (1), it could be observed that treat groups feeding rate on 3%, 5%, 7% FS led to a
significant increase p< 0.05 in the mean values of FI in comparison to those of the control (+). On the other
hand, those values were significantly decreased, as compared to the control (-) group. These variations may be
due to the palatability and odor of oil in flaxseed.

Also, the control (+) group revealed a high significantly decreased p<0.05 in mean value of BWG
compared with those of the control (-) group. This observation is due to infected rats with nephropathy which is
catabolic more than anabolic. It could be accounted by the body's inability to utilize glucose. So, it tries to
overcome this by lipolysis and muscle degradation for obtaining energy. Consequently, the weight losses occur,
as implied by (Lameire et al., 2005) who mentioned that hyperglycemia adversely affects the prognosis for
patients with AKI.

It could be noticed that the mean value of BWG% of nephropathy rats fed on 3%, 5% and 7% from
flaxseed were significantly increased in comparison to that of the untreated acute renal failure rats (control "+"
group). On the other hand, these values were significantly decreased, as compared to the control (-) group. This
observation may be due to the degradation of body tissues.

Ferreira Medeiros de Franca Cardozo et al., (2011) supported the present findings when they
studied the effects of chronic intake of flaxseed upon hematologic parameters and immunological findings on
body development of Wistar rats. They concluded that supplementation with flaxseed seems to be beneficial to
maintenance or reduction of body mass.

Fukumitsu et al., (2008) showed that lignan secoisolariciresinol diglucoside (SDG) to mice
significantly ~ reduced high-fat  diet-induced visceral —and liver fat accumulation, hyperlipaemia,
hypercholesterolaemia, hyperinsulinaemia and hyperleptinaemia.

Also, these findings are supported by Park and Velasquez (2012) who reported that the lignan-
enriched flaxseed powder (LEFP) supplementation may provide beneficial effects such as the reduction of body
weight and fat accumulation, the lipid profile improvement, and blood pressure control.

GSH and MDA renal tissue of rats fed standard diet, with glycerol and with different dose from
flaxseed are presented in table (2). Untreated nephropathy rats (control "+" group) a highly significant decrease
in the mean value of significant decrease p<0.05 in the mean value of glutathione (GSH), compared with the
healthy normal rats (control "-" group).

This is accordance with Collins et al., (2003) who stated that glycerol-induced deterioration of renal
function in rat kidneys involved histopathology changes in renal tubules, GSH depletion.

Singh et al., (2012) stated that enhanced generation of hydrogen peroxide in renal cortex in rats with
glycerol-induced renal failure.

It could be observed that diet supplemented with the three doses of flaxseed "3%, 5% and 7%" caused a
significant increase p<0.05 in the mean value of GSH, compared with the control (+) group. But in the same
time, it significant increased this value in 7% and 5% FS groups and significantly decreased this value in 3% FS
group, as compared to the control (-) group.

It is noticed the dietary supplementation with flaxseed at levels (5% and 7%) induced a significant
increase p<0.05 in the mean value of GSH, compared with that of the dietary supplementation with flaxseed at
level (3%). But in the same time, these values showed significant increase p<0.05 in the GSH, as compared to
the control (+) group.

It could be noticed that the control (+) group showed a highly significant increase p<0.05 in the mean
value of lipid peroxidation (MDA), compared with the control (-) group.

Data in table (2) indicated that, diet supplemented with flax at "3%, 5% and 7%" caused a significant
decrease p<0.05 in the mean values of MDA, in comparison to those of the control (+) group. In the same time,
the treatment 3% FS did not reach up to the control (-) group.

Data in table (2) indicated that diet supplemented with flaxseed at "5% and 7%" caused a significant
decrease in the mean value of MDA, in comparison to those of the supplemented with flaxseed at "3%".
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Data in table (2) indicated that, diet supplemented with flax at "5% and 7%" caused a highly significant
reduction p<0.05 in the mean value of MDA, in comparison to those of the control (+) group. But in the same
time, two doses " 5%, 7% FS showed no significant difference in mean MDA, as compared to the control (-)
group.

These findings is supported by Jin and John, (1995) who mentioned that phytic acid (PA) is a natural
antioxidant and is suggested to have potential functions of reducing lipid peroxidation and as a preservative in
foods. Finally, certain inositol phosphates, which derived from PA, have been noted to have a function in second
messenger transduction systems.

However, the present result disagreed with the results were obtained by Bhatia et al., (2006) who
reported that, increased activity of acid phosphatase and oxidized glutathione was significantly inhibited by
linseed oil.

This is consistence with Makni et al., (2010) who investigated the hypoglycemic and antioxidant
effects of Flax and Pumpkin seeds mixture on the kidney of alloxan-induced diabetic rats. They found that diet
supplemented with Flax and Pumpkin seeds mixture ameliorated the antioxidant enzymes activities observed in
diabetic rats and significantly decreased MDA levels.

The findings is accordance with both Hemmings and Song, (2004) who reported that flax
consumption effects an increase in the activity of liver gamma GT at the level of the plasma membrane which is
lignan dependent, physiologically relevant and may be linked to hepatoprotection against injury through an
increase in reduced glutathione, and Hemmings et al, (2005) who mentioned that hepato-protection is through
a flax lignan-induced increase in reduced glutathione related to a flax effect on the activity of liver gamma GT
in the resting state and the maintenance of its activity in response to injury.

Renal functions in serum of rats fed standard diet, with glycerol and with different dose from flaxseed
are presented in table (3).

It could be observed that the control (+) group showed a highly significant increase (p < 0.05) in the
mean values of blood urea nitrogen (BUN), uric acid (UA) and creatinine (Cr), compared with those of the
control (-) group.

This observation due to acute renal failure effect which cause a dysfunction of renal system where
diagnosis of acute kidney injury (AKI) relies on increased serum creatinine, oliguria or decline in urine output
as stated by (Vlahovic et al., 2007 and Sauriyal et al., 2011).

This can be attributed to the increase rates of renal dysfunction as a result of injection with glycerol, as
implied by (Nobubhito et al., 1999).

It could be observed that diet supplemented with flaxseed at levels " 3%, 5% and 7%" a significant
increase in the mean value of urea nitrogen, uric acid and creatinine, respectively, compared with the control (-)
group. In the same time, diet supplemented with "5% and 7% from FS" caused a low significant increase in the
mean values of the same parameters, compared with the control (-) group.

In present findings revealed that the doses " 3%, 5% and 7% from flaxseed induced improvement in
serum urea nitrogen, uric acid and creatinine, compared with the rats untreated group (control "+"group).

Results introduced in table (3) is noticed, using "5% and 7%" from flaxseed are more efficient in
reducing serum uric acid, urea nitrogen and creatinine than using 3% FS.

This is in consistence with Abdel Moneim et al, (2011) who stated treatment with flaxseed oil
significantly improved the kidney function.

These findings were supported by Salmean et al., (2012) who determined the effect of foods with
added fiber on blood urea nitrogen (BUN) and serum creatinine concentrations in patients with chronic kidney
disease (CKD). They concluded that increasing fiber intake in CKD patients through the consumption of foods
with added fiber may reduce serum creatinine levels and improve estimated glomerular filtration rate (GFR).

Also, these results were supported by Koguchi, et al., (2004) who indicated that, the dietary fiber
suppresses the elevation of uric acid and urea concentration in serum by attenuating the absorption of dietary
adenine.

Also, Ranich et al., (2001) said that nutritional intervention studies have shown that consumption of
soy-based protein and flaxseed reduces proteinuria and attenuates renal functional or structural damage in
animals and humans with various forms of chronic renal disease.

These findings is accordance with both (Ogborn et al., 2006) flax oil (FO) reduced proteinuria in both
male and female PKD, and (Abdel Moneim et al., 2011) investigated the effects of flaxseed oil (1000 mg/kg) on
the outcome of renal cytotoxicity induced by lead acetate (20 mg/kg) in male rats. They found reduction in uric
acid, urea and creatinine, lipid peroxidation, nitric oxide and increased glutathione levels during flaxseed oil
treatment. They results suggested that role of flaxseed oil in limiting renal cytotoxicity-induced by lead acetate
as a model for lead toxicity.
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V. Recommendations:
Using flaxseeds in foods are more effective on inhibiting oxidative stress and this may be act as a

protective against chronic diseases such as renal failure, liver, diabetes and hyperlipidemia.

Adding flaxseed to the diets offered to acute renal failure patients, as it showed beneficial effects on

most parameters studied.

The lifestyle intervention program, together with intake from flaxseed seemed to produce important

beneficial effects on the nutritional management, physical performance, and clinical parameters of acute renal
failure patients.
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Table (1): Effect of supplemented diet with flaxseed on food intake and body weight gain% of rats
suffering from acute renal failure (means + S.E

Imeters Food intake g/day/rat Body weight gain % || Feed efficiency

Basal diet (control - 11.45% +0.33 11.92" +0.75 1.459%+0.27

Basal diet (control +) 9.80°+0.43 2.35°+16 0.502° +0.34

Diet containing 3% FS 10.05° +0.23 9.16°+ 1.03 0.928¢+0.47
Diet containing 5% FS 10.389+0.17 5822 +2.1 1.079°+0.36

Diet containing 7% FS 10.85°+ 0.25 3999+ 2.4 1.155+0.35

Values are expressed as mean + SE. Significant at p <0.05 using one way ANOVA test. Values which have different letters differ
significantly, while those with have similar or partially are non-significant.

Nephropathy
groups fed on

Table (2) MDA and GSH renal tissue of rats fed standard diet, with glycerol and with different dose from
flaxseed (mean * S.E).

parameters Glutathione Lipid peroxidation
GSH MDA
I Basal diet (control -) 1.283e +0.155 6.30f +0.228

Basal diet (control +) 0.595d + 0.080 8.127a +0.341
Diet containing 3% FS 0.979c + 0.042 7.275c +0.283

| Diet containing 5% FS 1.419f + 0.232 6.759f +0.641

Diet containing 7% FS 1.521f +0.278 6.488f + 0.204
P. value 0.0038 0.01

Values are expressed as mean + SE. Significant at p <0.05 using one way ANOVA test.
Values which have different letters differ significantly, while those with have similar or partially are non-significant.

Nephropathy
groups fed on

Table (3) renal functions in serum of rats fed standard diet, with glycerol and with different dose from
flaxseed (mean + S.E)

mg / dl

Diet containing 7% FS 55.45" + 3.04 2.13+0.34 0.523*+0.09

P. value 0.00129 0.00524 0.0002

Values are expressed as mean + SE. Significant at p <0.05 using one way ANOVA test. Values which have different letters differ
significantly, while those with have similar or partially are non-significant.
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Normal control (C"'-")
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Photo (1): Normal kidney section showing normal orientation of nephrons with adequate glomerui and
well-spaced tubules (H and E, x400).
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Glycerol treated group showing atrophy of glomerular tufet, distension of Bowman's space and
necrobiotic changes of renal tubular epithelium (H and E, x400

Case No 3 = treated

group with "*3% flaxseed"
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e lumen of renal tubules

Treated group with ""3% flaxseed™ showing eosinophilic protein cast in th
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Treated group with ""5% flaxseed"* showing no histopathological changes (H and E, x400).
Treated group with "'7% flaxseed"'
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Treated group with "7

% flaxseed™ shoing Perivascular oedema (Hand E, xOO—).
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