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Abstract

The present study aimed to assess the effect of low phosphorus and potassium diets in
comparison with sevelamer carbonate (SC) medication which does the same effect. Forty-
eight male albino rats weighing 280 + 10g were randomly classified into six groups (8
rats each) The first group served as a negative control group, fed on a basal diet only. The
other five groups were fed on a basal diet containing 0.25% w/w adenine daily for 35
days to induce renal failure Then, rats reclassified into 5 groups which were positive
control and treated rat groups that were sevelamer carbonate medication 1000 mg/kg/day,
the rest of the three subgroups of rat fed experimental diet containing 25, 50 and 75% of
their low nutritional needs of phosphorous and potassium. The treatment period is
designed for twelve weeks. Results showed that feeding RF rats with 25, 50 and 75% of
RPK prevent the increase in hyperphosphatemia and hyperkalemia. The results revealed
that levels of fibroblast growth factor 23 enzyme, parathyroid hormone, renin enzyme
and insulin intolerance were decreased compared with the negative group and RF rats
treated with SC. Subsequently, improvement in the kidney functions of all treated groups
were exhibited. In conclusion, feeding with 50% of RPK is effective in improving kidney
functions in renal failure rats.

Keywords: hyperphosphatemia, hyperkalemia, renin- angiotensin -aldosterone system,
rats, fibroblast growth factor 23 enzyme.

Introduction

Renal failure (RF) is a serious, universal, and popular health problem that its incidence is
increasing rapidly (Akbari et al., 2016). More than one million people with RF are dying
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every year (Spasovski, 2013). Elevated serum phosphate (hyperphosphatemia) and
potassium (hyperkalemia) levels are the unavoidable clinical consequence of the
advanced stages of RF (Kasiske et al., 2010). Hyperkalemia is associated with sudden
cardiac death in hemodialysis patients and hyperphosphatemia is associated with an
increase in cardiovascular events and mortality in RF patients (Pun, 2014). The
management of renal failure is focused on nutrition therapy, drug, and dialysis (Goyal
and Jialal, 2020). Hyperphosphatemia and hyperkalemia in RF managed using binders
including aluminum-containing binders, calcium carbonate, lanthanum carbonate,
carbonate, sodium polystyrene sulfonate, and sevelamer carbonate (Askar, 2015 and
Kovesdy, 2017). Unfortunately, the positive effects of these drugs are counteracted by
serious side effects such as the increased risk of gastrointestinal intolerance, particularly
nausea, toxicity, and adynamic bone disease. Therefore, it is necessary to search for new
nutritional therapy that can improve kidney functions in renal failure disease. Nutritional
treatment has always represented a major feature of renal failure management. Over the
decades, the use of nutritional treatment in RF patients has been marked by several goals.
The first of these include the attainment of metabolic and fluid control together with the
prevention and correction of signs, symptoms, and complications of advanced RF. The
aim of this first stage of management the prevention of malnutrition and a delay in the
commencement of dialysis. Subsequently, nutritional manipulations have also been
applied in association with other therapeutic interventions in an attempt to control several
cardiovascular risk factors associated with RF and to improve the patient's overall
outcome. Over time and in reference to multiple aims, the modalities of nutritional
treatment have been focused not only on protein intake but also on other nutrients such
as phosphorus and potassium (Vincenzo et al., 2016). The strict control of serum
phosphorus and potassium concentrations is important for the prevention of various
complications and improving the prognosis of patients with chronic kidney disease
(Barreto et al., 2019).

Dietary therapy in chronic renal failure emphasizes the goal of avoiding metabolic
problems-particularly those relating to excess dietary protein and phosphorus. Lowering
phosphorus and potassium to levels at the recommended level for normal adults has
beneficial effects. However, the issue of what level of intake is adequate or safe has not
been fully addressed (Akchuri, 2019). Also, Bellizzi et al., (2016) and Akchuri, (2019)
analyzed that the impact of moderately restricted low-phosphorus potassium diets on the
improved kidney function of patients with advanced RF, therefore, the standard low
phosphorus and potassium diets Lowering phosphorus and potassium to levels at the
recommended level for renal failure disease are suggested to control hyperphosphatemia
and hyperkalemia. A simple and effective approach to reducing a load of dietary
phosphorus and potassium without reducing protein and other nutrients supply consists
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of reducing consumption of foods high in absorbable phosphorus and potassium (e.g.,
processed cheese, Potatoes, and egg yolk), to avoid foods containing additives based on
polyphosphates (such as certain types of soft-drinks), and to prefer vegetable-based foods
(such as chicory, chickpea, corn, olive oil, apple, and soy milk) that have lower potassium
and phosphorus absorption (Cupisti and Kalantar-Zadeh, 2013). This study aimed to
determine the effect of low phosphorus & potassium diets and compare their effects with
SC drugs on rats with renal failure.

Materials and methods

Materials

The foods used in this study were chickpea (Cicer arietinum L.), soy milk (Glycin max
milk), olive oil (olea euro paea oil), chicory (Cichorium intybus L.), apple (malus
domestica) and maize (Zea mays) which were purchased from Ministry of Agriculture of
Research Center, Giza, Egypt. Renagel medication (sevelamer carbonate) were purchased
from El-Nasr Pharmaceutical Chemicals, Cairo, Egypt. All analyses kits were purchased
from Bio diagnostic Co., Giza, Egypt. Diet materials such as casein, sucrose, cellulose,
choline bitartrate, tert-butyihdroquinone, mineral mixture and vitamin mixture were
purchased from Cairo lab Company. Other chemicals used throughout the experiments
were obtained from El-Gomhoriya Company for Trading Drugs, Chemicals and Medical
Instruments. Rats were purchased from the Animal Facility of Home Economic,
Menoufia University, Egypt. feed

Methods
Preparation of food

Chickpea, chicory, apple and maize were carefully washed several times with tap water
and rinsed several times with distilled water. The rinsed foods were dried at room
temperature first, then dehydrated in an electric draft oven at 45+2°C for 2 hrs. The dried
foods were ground in a grinder, after that these ingredients were mixed with soybean milk
powder and olive oil in the shape of mixture to form a nutritional formula after estimating
the chemical composition to those food then formula prepared in the shape on a mixture
by mixing ingredients at following ratio: (1g olive oil: 3g chicory: 4g chickpea: 4g maize:
21g soybean and 77g apple) so as to get the same percent of P and K from them. The
purpose of preparation the nutritional formula is diversification phosphorus and
potassium sources and taking into account the aspect absorption.

Preparation of low phosphorus and potassium diets

The diets were prepared in such a way that they gave the rats less than phosphorus and
potassium of recommended dietary intake (RDI), as the rats' need of phosphorus 3000
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mg/kg and potassium 3600 mg/kg according to Reeves et al., (1993). The diets are
designed to give the rats 25, 50 and 75% of their dietary requirements from phosphorus
and potassium. Therefore, the chemical composition of the diets and mineral mixture have
been changed and the nutritional formula has been added to obtain the requested percent
from them of P and K in each diet. The experimental formula has been added to diets to
be a source for a percent of the rat's dietary requirements from phosphorus and potassium
nutritional formula has been added with ratio 10, 20 and 30/100g diet respectively in diets
which represent 25, 50 and 75% from the recommended of rats from the phosphorus and
potassium respectively. Formula was added with diets to the diversity of food sources
from P and K and taking into account the aspect of nutritional absorption. Therefore, the
proportions of the component of protein, fibers, fat and corn starch were modified for the
diets as a result of addition the formula to keep the percent of these component constant
and getting the amounts of phosphorus and potassium which researchers want in the third
food diets.

Chemical analysis

Protein, fat, moisture, and ash contents were determined in chickpea, chicory, corn,
soybean milk, apple, olive oil and experimental nutritional formula according to AOAC,
(2010). The carbohydrate was calculated by difference. Phosphorus and potassium were
analyzed using Perkin Elmer 2380, atomic absorption spectrophotometer according to the
method of Fraser et al., (1986).

Experimental design

Forty-eight adult male Albino rats at (9-10) weeks age, initially weighting about (280410
g). The work was carried out at the Animal lab Faculty of Home Economic, Menoufia
University, Egypt. Rats were fed a basal diet according to AIN-93 guidelines (Reeves et
al., 1993) for one week as an adaptation period. The basal diet containing phosphorus
(0.3%), potassium (0.36%), calcium (0.5%), sodium (0.1%), chloride (0.15%),
magnesium (0.5%), iron (0.003%), sulfur (0.3%), zinc (0.003%) crude protein (14%), fat
(4%), fiber (5%), and the remained is starch (46.5%). Salt mixture and vitamins were
prepared according to Reeves et al., (1993). Following an acclimatization period, rats
were randomly divided into four groups. The experiment was carried out in two periods.in
the first period (35 days). Except for the first group which maintained as negative control
group, renal failure was induced via fed rats a diet containing adenine (0.25% w/w in feed
daily for 35 days) according to Ali et al., (2015). After that blood samples taken from rats
to measure serum creatinine, urea and uric acid to sure that all rats infected with chronic
renal failure induced. Also, measured serum phosphorus, potassium, calcium and sodium
to confirm this adenine-induced renal injury model is suitable to study
hyperphosphatemia and hyperkalemia in renal failure.
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In the second period (12 week) rat with renal failure were divided into three subgroups.
The negative control and one RF group (positive control) were fed on basal diet. The
second RF group fed on a basal diet and received a daily SC drug (1000 mg/kg/day)
(Behets et al., 2005 and King et al., 2021), whereas the remaining RF group was fed on
low Phosphorus and potassium diets. The rest of the three subgroups of rat fed
experimental diet containing 25, 50 and 75% from their dietary requirements from
phosphorus and potassium fig (1). rats were housed in an individual cage in the beginning
of second period (12 weeks) to collect the urine. Ethical guidelines for the care and
treatment of animals were strictly followed in accordance with the rules of the Egyptian
Animal Protection. At the end of experimental period (12 weeks), rats were anesthetized
with diethyl ether after fasting for 12h and blood samples were collected, then serum was

separated by centrifugation. Serum was frozen and kept at—20°C for later analysis.
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Fig (1): Experimental design of the groups.
Biochemical analysis:

Phosphorus, potassium, calcium, glucose (because of glycolysis, glucose should be
determined directly after collecting blood samples) and sodium were carried out by
colorimetric methods described by Kind and King (1954), Henry (1964); Lewin et al.,
(1969) Marks (1996) and Henry (1974) respectively. Creatinine, urea, uric acid, blood
urea nitrogen and total protein were determined with kits according to Bartels and
Bohmer (1971); Patton and Crouch (1977); Fossati et al., (1980); Patton and Crouch
(1977) and Gomal et al., (1949) respectively. The renin enzyme, aldosterone hormone,
Parathyroid hormone, 1, 25 di hydroxy vit D3, insulin hormone and fibroblast growth
factor 23 enzyme levels in the plasma samples were determined using enzyme-linked
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immunosorbent assay (ELISA) according to Lever et al., (1964); Cartledge and Lawson
(2000); Paik et al., (2010); Wang et al., (2011); Purohit (2012) and Chathoth et al., (2016)
respectively. The clearance index were determined according to Gounden and Jialal
(2020).

Biological evaluation:

During the experimental period , the diet consumed was recorded daily and body weight
of rats was recorded twice weekly. Biological evaluation of the different tested groups
was carried by determination of feed intake (FI), body weight gain (BWG) and food
efficiency ratio (FER) according to Chapman et al., (1959).

Statistical Analysis:

Results were expressed as the mean and SD. Data for multiple variable comparison were
analyzed by one- way analysis of variance (ANOVA) (Steel and Torri 1980).

Results and Discussion

Phosphorous and Potassium Contents of chickpea, chicory, corn, soybean milk, apple and
olive oil were shown in Table (1). From such data it could be noticed that the tasted foods
have mostly low to modest contents of phosphorus and potassium. The highest content of
P and K was recorded for olive oil as it contains 407.6 and 1186.7 mg/100g, respectively
followed by chickpea, chicory and corn as 321.53, 51.63 and 248.07 mg/100g,
respectively and 79.73, 452.53 and 123.67 mg/100g , respectively. soybean milk and
apple were recorded less content levels of minerals as 6.53 and 14.27 mg/100g
respectively and 6.17 and 71.43 mg/100g respectively for Phosphorous and Potassium.

Table (1): Phosphorous and Potassium Contents of Chickpea, Chicory, Corn,
Soybean milk, Apple and Olive oil

Parameter Chickpea  Chicory Corn flour qubean Apple Qllve LSD
powder powder powder milk powder powder oil

Phosphorus b d ¢ e e a
321°.5+0.8 51.6°+0.3  248°.8+0.67 6.5°+0.05  6.17°+00.03 407.6*+0.5 0.87

(mg/100g)

Potassium 50 7,06 452°.540.4 123°.7+0.55 14.340.47 71°4+0.57 1186.71 1

(mg/100g)

values subscribed with the different letters in the same rows showed significant differences at P<0.05 as calculated by ANOVA and
LSD

Chemical compositions of suggested experimental formulas were shown in Table (2).
Data showed that suggested formulas provided protein (27%), fat (14%), fiber (16.67%),
carbohydrates, (42.46%) moisture (11.43%), ash (5.11%), P (33 mg/100g) and K (45
mg/100g).

Table (2): Chemical compositions of experimental formula
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Parameter Nutritional experimental
Protein (g/100g) 27+0.58

Fat (g/100g) 14+0.006
Carbohydrates (g/100g) 42.46+0.58

Fiber (g/100g) 16.67+0.03
Moisture (g/100g) 11.43+0.24

Ash (g/100g) 5.11+0.01

P (mg/100g) 33+0.07

K (mg/100g) 45+0.034

values subscribed with the different letters in the same rows showed significant differences at P<0.05 as calculated by ANOVA and
LSD

The effect of low phosphorus and potassium diets and SC medication on serum
concentration of P, K, Ca and Na of negative and renal failure groups were shown in
Table (3). It could be noticed that the levels serum of P, K and Ca in positive control
group were significantly higher (P<0.05) than corresponding values of negative control
group while, sodium had the opposite direction. This data with other (Nakanishi et al.,
2020) suggested that the effects of RF could be explained in the following mechanism,
renal failure led to an imbalance in the hemostasis of P, K and Ca which lead to significant
(P<0.05) increase of their levels as a result of the inability of the kidneys to filter. Also,
Hyperphosphatemia in RF has been associated with lower levels of blood pressure
(Alonso et al., 2010). Feeding RF rats with different low percent of recommended
phosphorus and potassium resulted in significantly (P < 0.05) low levels of phosphorus
and potassium compared with RF positive control group. This reducing in serum levels
of P and K may be due to feeding rats on diets low in phosphorus and potassium which
led to utilize body phosphorus and potassium stores to preserve serum osmolality. So, the
case of hyperphosphatemia and hyperkalemia will be improved. Our data agreed with
Akchurin (2019) who recommended that “renal” low-phosphorus formulas should be
used in RF patients. Also, Clase et al., (2020) recommend limiting dietary potassium
intake to prevent and treat hyperkalemia in patients with CKD. The control of serum P
and K in patients with renal failure is therefore important to the prevention of increases
in Ca x P product and K x Na balance (Faubert et al., 1980). Feeding rats with 50% of
recommended phosphorus and potassium was more effective (P < 0.05) in reducing
phosphorus and potassium than rats fed with 25 and 75% of recommended phosphorus
and potassium and sevelamer carbonate medication. These results are in agreement with
that reported by Barreto et al., (2019) and Clegg and Gallant, (2019) who demonstrated
that the recommended amount of phosphorus and potassium intake of renal failure disease
are (800:1000 and 2000:3000 mg/dl) for phosphorus and potassium, respectively, which
are equivalent to half required amount to normal person where the normal person needed
(1000:1800 and 4700:5000 mg/day) for phosphorus and potassium, respectively. While,
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feeding rats on 25 and 50% of recommended phosphorus and potassium did not
significantly different (P<0.05) in their effect on Ca level. The results in same table
showed that the levels of P, K and Ca were decreased by 65. 67, 57.83 and 44.77%
respectively, 47.93, 31.83 and 19.19% respectively and 5.9, 6.84 and 2.32% respectively
for RF rat groups treated with 25, 50 and 75% of recommended phosphorus and
potassium respectively compared with RF positive control group. On the other hand, the
levels of Na were increased by 0.79, 0.39 and 0.89% respectively for RF rat groups
treatment with 25, 50 and 75% respectively of recommended phosphorus and potassium
compared with RF positive control group. But, feeding rats on 25, 50 and 75% of
recommended phosphorus and potassium formula did not significantly differ (P < 0.05)
in their effect on Na level. Treating RF rats with sevelamer carbonate medication induced
a significant decrease (P < 0.05) in P, K and Ca contents of serum as compared to RF
positive control group. This reduction in the level of P, K and Ca in serum may be due to
treated with SC medication contents bind to dietary phosphate resulting in insoluble
sevelamer -phosphate complexes and decrease in serum phosphate levels and induced
hyperkalemia in hemodialysis patients were corrected (Sonikian et al., 2006). As shown
the level of P, K and Ca in serum were significantly decreased by 44.40, 9.77 and 9.17%
respectively for RF rats’ groups treated with SC medication, while the level of Na
increased by 1.41% compared with RF positive control group.

Table (3): Effect of low phosphorus & potassium diets and SC medication on serum
Phosphorus, Potassium, Calcium and Sodium of experimental rat groups.
Minerals Negative Renal failure groups LSD

Control RF positive RF+SC  RF+25% RF+50% RF+75%

Control medication RPK RPK RPK

Phosphorus (mg/dl) 5.17°40.15  13.4°+0.4  7.5°40.05 4.6%+0.1 5.7°40.5  7.4°4"26 00.55
Potassium (mg/dl)  5.35%+0.22  8.7°+0.1 7.9°£0.09 4.5340.75 5.9°£0.5 7.0°£0.05 0.8
Calcium (mg/dl) ~ 11.32°£43  14.6*+0.1  13.3%£0.05 13.73°+.05 13.6+0.0 14.3*+.05 0.36
Sodium (mg/dl) 144.4°40.45 141.5°£0.5  143.5°+0.5 142.6°£0.4 142.2+0.1 142.8°+0.1 0.56

Values are expressed as means+ SD. Means in the same row with different superscript letters are significantly different (P <0.05).
RF': Renal failure, SC: Sevelamer carbonate, RP K: Recommended phosphorus and potassium.

The same trend was observed by Savica et al., (2008) who reported that Sevelamer was
prescribed in chronic kidney disease (CKD) patients to control hyperphosphatemia. Also,
King et al., (2021) reported that sevelamer medication can reduce the serum phosphorus
level and has a lower risk of vascular calcification and hypercalcemia in CKD rats. In the
same table, there were no significant difference (P<0.05) in serum p and K between RF
group treated with 50% of recommended phosphorus and potassium and control negative
group. Also, there were no significant difference (P<0.05) in serum phosphorus between
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RF group treated with SC drug and RF group treated with 75% of recommended
phosphorus and potassium.

Effect of low phosphorus and potassium diets and SC medication on serum concentration
of fibroblast growth factor 23 enzyme (FGF23), parathyroid hormone (PTH) and 1,25-
hydroxyvitamin D3 (vit. 1,25 (OH)2 D3) of negative and renal failure groups are shown
in Table (4). Positive control had significantly (P<0.05) higher levels of FGF23 and PTH
compared with negative group, renal failure groups treated with 25, 50 and 75% of
recommended phosphorus & potassium, and SC drug. While Vitamin 1,25(OH)2 D3
sowed the opposite direction. Such results were in agreement with those reported by Bhan
et al., (2006) and Torres et al., (2008) who found that RF induced a significant increase
(P<0.05) in FGF23 and PTH content of serum as compared to the control negative group
while, RF led to a significant decrease in vitamin 1,25(OH)2 D3 in the serum. Feeding
RF rats with different low percentage of recommended phosphorus and potassium
resulted in significant (P<0.05) reduced levels of FGF23 and PTH, while increased the
level of vitamin 1,25 (OH)2 D3 compared with RF positive control group. The FGF23
and PTH were significantly (P<0.05) decreased by 6.17, 42.07 and 51.53% respectively
and 59.79, 48.46 and 48.30% respectively for RF rat groups treatment with 25, 50 and
75% respectively of recommended phosphorus and potassium. On the other hand, vitamin
1,25(0OH)2 D3 was significantly (P<0.05) increased by 53.21, 88.51 and 91.69%
respectively for RF rat groups treated with 25, 50 and 75% of recommended phosphorus
and potassium, respectively. These results were in agreement with that obtained by Ferrari
et al., (2005) who reported that Serum FGF-23 and PTH levels significantly decreased
while, 1,25(0OH)2 D3 levels significantly increased among human on the low-phosphate
diet. Treating RF rats with SC medication induced a significant (P<0.05) decrease in
FGF23 and PTH contents of serum while, Vitamin 1,25(0OH)2 D3 increased as compared
to RF control group. The FGF23 and PTH were significantly (P<0.05) decreased by 51.27
and 53.94% for RF rats treated with SC medication, respectively. While the Vitamin
1,25(0OH)2 D3 was significantly (P<0.05) increased by 48.38% for RF rats treated with
SC as compared with RF positive control group. These results were in agreement with
those reported by Oliveira et al., (2010) who found that level of FGF-23 and PTH
decreased significantly (P<0.05) following SC treatment. While Keung and Perwad,
(2018) reported that treatment RF rats with SC induced a significant (P<0.05) increase in
vitamin 1,25(OH)2 D3 contents of serum as compared to RF. In the same table, there
were no significant (P<0.05) difference in serum FGF23 between RF group treated with
50% of recommended phosphorus and potassium and RF rats treated with SC drug. Also,
feeding rats on 25 and 50% of recommended phosphorus and potassium did not
significantly (P<0.05) differ in their effects on PTH level. The highest improvement of
FGF23, was observed in RF group feeding with 75% of recommended phosphorus and
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potassium and RF rats treated with SC. While the highest improvement of PTH was
observed in RF group feeding with 25% of recommended phosphorus and potassium.
However, the highest improvement of vitamin 1,25(OH)2 D3 was observed in RF groups
feeding with 75% of recommended phosphorus and potassium.

Table (4): Effect of low phosphorus & potassium diets and SC medication on serum
FGF23, PTH and Vit. 1,25(0OH)2 D3 of experimental rat groups

Parameters Negative  Renal failure groups LSD

Control RF positive RF RF RF RF +75%
Control +SC medication +25% RPK +50% RPK RPK

FGF2 (pg./ml) 93¢ 205.112 99.939 192.45° 118.8° 99.44 0.71
+0.49 +0.34 +0.43 +0.40 +0.26 +0.43

PTH (pg./ml) 32.36° 98¢ 45.13¢ 39.44 50.5° 50.66° 0.47
+0.32 0.2 +0.15 +0.36 +0.2 +0.15

Vit. 1,25 (OH):  65.93? 30.48" 56.24 46.7° 57.46° 58.43° 0.62

D3 (ng/mL) +0.15 +0.5 +0.0 +0.26 +0.46 +0.43

Values are expressed as means+ SD. Means in the same row with different superscript letters are significantly different (P <0.05).).
RF': Renal failure, SC: Sevelamer carbonate, RPK: Recommended phosphorus & potassium, FGF23: Fibroblast growth factor 23
enzyme, PTH: Parathyroid hormone and Vit. 1,25(0H)2 D3 :1,25-hydroxyvitamin D.

The effect of low phosphorus & potassium diets, and SC medication on serum
concentration of renin enzyme, aldosterone hormone, insulin hormone and glucose of
experimental rats were shown in Table (5). Results showed that positive control group
had significantly (P<0.05) low levels of aldosterone hormone and insulin hormone
compared with negative group, renal failure groups treated with 25, 50 and 75% of
recommended phosphorus & potassium, and SC drug. The renin enzyme and glucose had
opposite direction among human. Data also showed that the aldosterone hormone was
decreased from 92.43+0.40 pg/ml in control negative group to 35.134+0.32 pg/ml in
control positive group. These results were in agreement with that reported by Rajkumar
and Waseem, (2020) who found that hyperkalemia in renal failure induced a significant
(P<0.05) decrease in aldosterone hormone concentration. Hypoaldosteronism should be
considered in any patient with persistent hyperkalemia such as renal failure.
Hypoinsulinemia may lead to lower levels of aldosterone as mentioned by (Petrasek et
al., 1992). Also, (Catena et al., 2006) found that in hypoaldosteronism high plasma renin
activity and angiotensin II levels were reported while, the renin enzyme was increased
from 1+0.02 pg/ml in control negative group to 6.56+0.46 pg/ml in control positive group.
These results were in agreement with that reported by Hanner et al., (2008) who found
that RF led to a significant increase in renin enzyme in the serum as compared control
negative group. Moreover, the insulin hormone was decreased from 2.58+0.07 pU/ml in
control negative group to 0.226 +0.005 pU/ml in control positive group. On the other
hand, the glucose was increased from 90.58+0.10 g/dl in control negative group to
392.7+0.26g/dl in control positive group. In similar study our results were in agreement
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with that reported by Ahmed and Weisberg (2001) who found that hyperkalemia in renal
failure induced a significant decrease (P<0.05) in insulin hormone content of serum and
RF led to insulin resistance which is a complication of advanced chronic kidney failure
(CKF). Also, Pham et al., (2012) found that insulin resistance is less well characterized
in earlier stages of CKD. The response of the pancreatic B cell effects on glucose
tolerance, and risk of diabetes. Feeding RF rats with different low percent of
recommended phosphorus and potassium resulted in significant (P<0.05) increases in the
level of aldosterone and insulin hormones compared with RF control positive group. The
aldosterone and insulin hormones were significantly (P<0.05) increased by 105.60,
107.40 and respectively 107.51 and 143.36, 417.69 and 329.20% respectively for RF rats
treated with 25, 50 and 75% of recommended phosphorus and potassium, respectively.
While no significant difference was observed in the level of serum aldosterone hormone
between RF group treatment with 50 and 75% of RPK. On the other hand, feeding RF
rats with different low percent of recommended phosphorus and potassium resulted in
significant(P<0.05) decreased levels of renin enzyme and glucose compared with RF
control group, as shown that, the renin enzyme and glucose were significantly (P<0.05)
decreased by 62.80, 61.43 and 61.28 respectively and 4.48, 17.91 and 4.32% respectively
for RF rats treated with 25, 50 and 75% of recommended phosphorus and potassium
respectively. Treating RF rats with SC medication induced a significant (P<0.05) increase
in aldosterone and insulin hormones contents of serum as compared to positive control
group. The aldosterone and insulin hormones were significantly increased by 89.09 and
23.89% respectively for RF rat treated with SC. But there was no significant difference
in insulin hormone between positive control group and RF group treatment with SC.
While, treated RF rats with SC medication induced a significant (P<0.05) decrease in
concentration of renin enzyme and glucose contents of serum as compared to RF. The
renin enzyme and glucose were significantly (P<0.05) increased by 66.61 and 4.43%,
respectively for RF rats treated with SC medication as compared with RF control group.
These improvements in results may be due to the presence of low amount of potassium
in diets and administration of SC medication. But there was no significant difference in
concentration of insulin hormone between RF positive control group and RF group
treated with SC drug. These results had the same trend of Low and Tomalia (2015) and
El-Haddad et al., (2015) results who found that hyperkalemia in CKD can be treated with
low potassium ingestion and drugs that eliminate potassium such as diuretics and low
potassium diet. Therefore, the level of aldosterone hormone, renin enzyme, insulin
hormone and glucose improved as compared negative group. Feeding rats with 50% of
recommended phosphorus potassium was more effective in improvement aldosterone
hormone, glucose and insulin hormone than rats fed with 25 and 50% of recommended
phosphorus & potassium and SC drug. Also, feeding rats with 75% of RPK was more
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effective in improvement aldosterone hormone. While, feeding rats on 25, 50 and 75% of
RPK did not significantly differ in their effect on Renin enzyme level.

Table (5): Effect of low phosphorus & potassium diets and SC medication on serum
Renin enzyme, aldosterone hormone, insulin hormone and glucose of experimental

rat groups
Parameters Negativ Renal failure groups LSD
e
Control RF positive RF+SC~ RF+25% RF+50% RF+75%
Control medication RPK RPK RPK
Renin 1°+ 6.56" 2.19° 2.44° 2.53° 2.54° 0.38
(pg/ml) 0.02 +0.46: +0.04 +0.04 +0.05 +0.011
Aldosterone 92.43* 35.13° 66.43° 72.23¢ 72.86° 72.9° 0.47
(pg/mL) +0.40 +0.32 +0.25 +0.25 +0.05 +0.1
Insulin 2.58" 0.226° 0.28° 0.55¢ 1.17° 0.97° 0.06
(nU/ml) +0.07  £0.005 +0.005 +0.017  +0.01 +0.01
Serum glucose  90.58"  392.7* 375.3¢ 375.1° 322.33°  375.7° 0.44
(g/dl) +0.10  +0.26 +0.26 +0.26 £0.15 +0.26

Values are expressed as means+ SD. Means in the same row with different superscript letters are significantly different (P <0.05).
RF': Renal failure, SC: Sevelamer carbonate, RPK: Recommended phosphorus & potassium

The results presented in Table (6) referred to the effect of low phosphorus & potassium
diets and SC medication on serum concentration of creatinine, urea, blood urea nitrogen,
uric acid and total protein of the experimental rats. RF rats had significant (P<0.05)
increased levels of creatinine, urea and blood urea nitrogen compared with negative
group, renal failure groups treatment with 25, 50 and 75% of recommended phosphorus
& potassium and SC medication. While uric acid and protein had recorded the opposite
direction. It is worth to mention that the serum creatinine (Cr), urea (U) and blood urea
nitrogen (BUN) which were 0.86+0.055, 22.93+0.40 and 48.1+0.36 mg/dl, respectively
in normal rats which were markedly increased at level 2.005+0.065, 101.31+0.57 and
112.7+0.2 mg/dl respectively in RF rats. It is well known that the elevated Cr, U and BUN
are considered as an indicator for a defect in renal nephrons.

Overall the current results were supported those data. For example, Pandya et al., (2016)
denoted that in renal disease the Cr, U and BUN increased. Such increasing in Cr, U and
BUN above the normal level may reflect a destroy of 50% of renal nephron. In addition,
Van der Slikke et al., (2020) found that the urea-to-creatinine ratio may predict the course
of AKI and CKD. While the serum uric acid (UA) and total protein (TP) which were
(4.46+0.20 and 9.43+0.15 mg/dl) respectively in normal rats were markedly decreased at
level (2.56+0.14 and 7.1+0.5 mg/dl) successively in RF rats. These results had the same
trend of Wiedermann et al., (2017) who showed that Hypoalbuminemia is common in
patients with renal disease. Moreover, Park and Lee (2020) reported an association
between hypouricemia and CKD. RF rats had significant increased (P<0.05) levels of Cr,
U and BUN compared with control negative group and renal failure treatment group
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while, uric acid and protein had the opposite direction. Feeding RF rats with different low
percent of recommended phosphorus and potassium resulted in significantly (P<0.05)
decreased levels of Cr, U and BUN compared with the RF control group. While, the level
of UA and TP had the opposite direction. The Cr and U were significantly decreased by
48.97 and 34.16 and 19.32 and 19.75% for RF rat's treatment with 50 and 75% of
recommended phosphorus and potassium respectively. While there were no significant
difference (P>0.05) in Cr and U between positive RF positive group and RF group
treatment with and 75% of recommended phosphorus and potassium. The BUN was
significantly decreased by 32.95, 49.01 and 48.01% for the RF rat’s treatment with 25,
50 and 75% of recommended phosphorus and potassium, respectively. When taking about
UA and TP parameters we found that UA and TP were significantly increased by 40.62,
40.62 and 40.62% and 22.53, 31.40 and 15.91% for RF rat’s treatment with 25, 50 and
75% of recommended phosphorus and potassium, respectively. These results had the
same trend of Cases et al., (2019) who found that low phosphorus and potassium diets led
to decrease in Cr, U and BUN while, increase in uric acid and protein. Treating RF rats
with SC induced a significant (P<0.05) decrease in Cr, U and BUN contents of serum as
compared to RF control group. The Cr, U and BUN were significantly decreased by
41.64, 36.33 and 37.50% for RF rat’s treatment with SC medication, respectively. These
results had the same trend of Nagano et al., (2003) who showed that treatment with SC
induced significant decreases (P<0.05) in creatinine, urea, blood urea nitrogen contents
of serum as compared to RF. While, treating RF rats with sevelamer medication were
induced significant increases (P<0.05) in contents of serum as compared to RF control
group. The UA was significantly increased by 40.62% for RF rat’s treatment with SC
drug respectively. While there were no significant difference (P<0.05) in TP between RF
group treatment with sevelamer and RF positive group. These results are in agreement
with that reported by Ohno et al., (2009) who found that sevelamer is capable of
improvement serum uric acid levels. Also, no significant difference was in TP between
RF group treatment with 25 and 75% of recommended phosphorus and potassium. There
were no significant difference in U and BUN between RF group treated with 50 and 75%
of recommended phosphorus and potassium. Furthermore, there were no significant
difference in U between negative control and RF group treatment with 50% of
recommended phosphorus and potassium. The highest improvement of Cr and BUN were
observed in RF group treatment with 50 and 75% of recommended phosphorus and
potassium while the highest improvement of U was observed in RF group treatment with
sevelamer drug. Also, there were no significant difference in UA between RF group
treatment with sevelamer and RF group treatment with 25, 50 and 75% of recommended
phosphorus and potassium.
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Table (6): Effect of low phosphorus & potassium diets and SC medication on serum
creatinine, urea, blood urea nitrogen, uric acid and total protein of experimental rat

groups
Parameter Negative Renal failure groups LSD
Control  RF positive RF+SC RF+25% RF+50% RF+75%

Control medication RPK RP K RPK

Creatinine 0.86° 2.005° 1.17° 1.79° 1.023% 1.32°  0.27

(mg/dl) +0.055  +0.065 +0.06 +0.06 +0.15 +0.27

Urea 22.93¢ 101.31* 64.5° 101.33*  81.73° 81.3°  0.77

(mg/dl) +0.40 +0.57 +0.5 +0.25 +0.025 +0.51

Blood urea nitrogen  48.1° 112.7¢ 70.43°¢ 75.56° 57.46° 57.5¢  0.60

(mg/dl) +0.36 +0.2 +0.40 +0.40 +0.45 +0.1

Uric acid 4.46% 2.56° 3.6° 3.6° 3.6° 3.6° 0.27

(mg/dl) +0.20 +0.14 +0.40 +0.1 +0.2 +0.0

Total protein 9.43° 7.1¢ 6.9¢ 8.7° 9.33° 8.23°  0.56

(mg/dl) +0.15 +0.5 +0.1 +0.26 +0.35 +0.15

Values are expressed as means+ SD. Means in the same row with different superscript letters are significantly different (P <0.05).
RF': Renal failure, SC: sevelamer carbonate, RPK: Recommended phosphorus & potassium.

Effect of low phosphorus & potassium diets and SC drug on urinary excretion of
creatinine (UCr), urea (UU), urea nitrogen (UUN), uric acid (UUA) and total protein
(UTP) in urine of experimental rats are shown in table (7). RF positive group had
significant decreased (P < 0.05) levels of creatinine, urea and urea nitrogen compared
with negative control group and RF treated group while, uric acid and total protein had
opposite trend. The obtained results showed that the UCr, UU and UUN per day were
dramatically decreased for control positive group to levels (0.77+0.05, 134.9+0.05 and
3.6 £0.1 mg/dl) respectively compared to that of the normal rats being (1.1540.05,
151.36+0.47 and 9.83+0.20 mg/dl) regularly. These results had the same trend of Di
Micco et al., (2013) who showed that in persons with CKD stages 3 and 4, urine creatinine
declines at a rate of 16 mg/d per year, lower urine creatinine excretion predicts greater
risk of kidney failure and patient mortality. Also, Tyagi and Aeddula (2020) mentioned
that a decreased excretion of urea and urea nitrogen in urine is observed in impaired
glomerular filtration of blood Plasma (this state is called azotemia). While the UUA and
UTP per day were dramatically increased for control positive rats to levels (10.4+0.45
and 1.13+0.05 mg/dl) respectively compared to that of the normal rats being (4.48+0.41
and 0.41+0.02 mg/dl). These changes between normal and induced rats reflect the inverse
correlation between serum and urine in these profiles. Julian et al., (2010) Proteinuria is
a frequent manifestation in afflicted patients, but the origin of the proteins with renal
diseases. Feeding RF rats with different low percent of recommended phosphorus
potassium resulted in significantly (P>0.05) increased The level of UCr, UU and UUN
compared with RF positive control group. The UCr and UUN were significantly
decreased by 20.77, 25.97 and 23.89 and 10, 59.16 and 54.16% for RF rats fed with 25,
50 and 75% of recommended phosphorus & potassium respectively. Also, The UU was
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significantly increased by 0.7 and 6.17% for RF rats fed with 50 and 75% of
recommended phosphorus & potassium respectively. While the reduction in UU was non-
significant in RF group treatment with 25% of recommended phosphorus & potassium
when compared with control positive group.

On the other hand, feeding RF rats with different low percent of recommended
phosphorus potassium resulted in significantly (P < 0.05) decreased the level of UUA and
UTP compared with RF control group. The UUA and UTP were significantly decreased
by 17.30, 52.78 and 11.92 and 46.01, 47.78 and 44.24 % for RF rats fed with 25, 50 and
75% of recommended phosphorus & potassium respectively. Treated RF rats with SC
medication induced a significant increase (P>0.05) in creatinine, urea, urea nitrogen
contents of urine while, uric acid and total protein decrease as compared to positive
control group. The UCr, UU and UUN were significantly decreased by 12.98, 11.04 and
5.55% for RF rat’s treatment with SC medication respectively. The UUA and UTP were
significantly decreased by 39.80 and 38.05% for RF rat’s treatment with SC medication
respectively. In the same table the results showed no change in urine protein levels were
observed in RF group fed with 25, 50 and 75% of recommended phosphorus& potassium.
Also, there were no significant difference (P>0.05) in UCr and UUA between RF groups
fed with 25 and 75% of recommended phosphorus & potassium Moreover, there were no
significant difference (P>0.05) in UUA between RF positive group and RF group fed with
50% of recommended phosphorus & potassium.

Table (7): Effect of low phosphorus& potassium diets and SC medication on urinary
excretion of creatinine, urea, urea nitrogen, uric acid and total protein of
experimental rat groups

Parameter Negative Renal failure groups LSD
Control  Rfpesitive RFSC  RF+25% RF+50% RF+75%
Control medication RPK RPK RP K

UCr 3.92°£.06  0.144° 0.87°£0.005 .926°%.005 0.97° 0.943° 047
(mg/24hrs) +.005 +0.005  +0026

uu 260.49"+.49 50.51°+.49 143.1°+1  135°%0 135.95°¢ 143.3° 0.54
(mg/24hrs) +.051 +.26

UUN 9.83"+20 3.6°+.1 3.8+0.2 3.96°+.05 5.73° 5.55°+£.13 0.26
(mg/24hrs) +0.15

UUA 448'+0.41 10.4°+t45 6.26°+0.25 8.6°+36 4.91° 9.16°+.51 0.73
(mg/24hrs) +0.41

UTP 0.41°+.02  1.13*+0.05 0.7°+0.01  .61°+41 0.59°£0  0.63°+.02 0.05
(mg/24hrs)

Values are expressed as means+ SD; means in the same raw with different letter are significantly different (P < 0.05). RF: Renal
failure, SC: sevelamer carbonate, RPK: Recommended phosphorus & potassium, UCr: urine creatinine, UU: urine urea, UUN: urine
urea nitrogen, UUA: urine uric acid, UTP: urine total protein.
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The data presented in table (8) illuminate the clearance index (creatinine clearance or
glomerular filtration rate, urea clearance and uric acid clearance) for negative and renal
failure groups.

It is important to notice that the creatinine clearance (CrC) or glomerular filtration rate
(GFR) was dramatically decreased form (0.0116+0.0005 ml/min) in normal rats to
(0.00121+0.0001 ml/min) in infected rats. These data denoted the deterioration in kidney
function where it is well known that low level of clearance related to impaired renal
functions as imported by Deska Pagana and Pagana, (2002). In addition to Gowda et al.,
(2010) who mentioned that the glomerular filtration rate (GFR) describes the flow rate of
filtered fluid through the kidneys, the biochemical marker creatinine found in serum and
urine is commonly used in the estimation of GFR, creatinine clearance (CrCl) is the
volume of blood plasma cleared of creatinine per unit time. It is a rapid and cost-effective
method for the measurement of renal function. Both CrCl and GFR can be measured using
the comparative values of creatinine in blood and urine. Finally, Gounden et al., (2020)
indicated that creatinine clearance will have fallen to about half before a rise in blood of
creatinine is detectable, eGFR (clearance tests) equations are used to determine the
presence of renal disease, stage of CKD, and to monitor response to treatment.

While there were no significant difference (P>0.05) in urea clearance (UC) between renal
failure rats and normal rats. These results had the same trend of Deska Pagana and
Pagana, (2002) who showed that urea clearance is a poor indicator of glomerular filtration
rate as its overproduction rate depends on several non-renal factors, including diet and
urea cycle enzymes. On the other hand, uric acid clearance (UAC) was dramatically
increased form (0.003+0.0001 ml/min) in normal rats to (0.07+0.0005 ml/min) in infected
rats. These results are agreement with those reported by Park and Lee, (2020) who found
that reports have indicated an association between hypouricemia and CKD, so renal
failure induced a significant (P>0.05) increase in UAC.

Feeding RF rats with different low percent of recommended phosphorus& potassium
resulted in significantly (P > 0.05) increased the level of CrC while, UAC decreased
compared with RF positive control group. By focusing on the results which were due to
the consumption of low phosphorus & potassium diets, it could be observed a significant
increase (P>0.05) in CrC reaching (0.006+£0.0005, 0.0132+0.0001 and 0.0120+0.0005
ml/min respectively) in RF rat groups treatment with 25, 50 and 75% of recommended
phosphorus & potassium respectively from (0.001214+0.0001 ml/min successively) in RF
positive control group. While UAC was 0.0034+0.0001 in normal rats and increased
(0.07+0.0005) in RF positive control group.

Treated RF rats with sevelamer carbonate medication induced a significant increase
(P>0.05) in CrC while, UAC decreased as compared to RF control group. CrC levels was
significantly higher in RF rats treated with SC medication (0130 + .0005 vs. .00121 +
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.0001ml/min, p>0.05) than in RF positive control group. These results are agreement with
those reported by Cozzolino et al., (2003) who found that treated RF rats with SC
medication induced a significant increase (P>0.05) in creatinine clearance as compared
to RF rats. While UAC level were significantly lower in RF rat’s treatment with SC
medication (.03 £.001 vs. .07 £.0005 ml/min, p <0.05) than in RF positive control group.
On the other hand, Feeding RF rats with different low percent of recommended
phosphorus & potassium and SC drug did not significantly differ (p>0.05) in their effect
on UC. In the same table, there were no significant difference (P<0.05) in CrC between
RF group treated with 50% of recommended phosphorus & potassium and positive
control group treated with drug. The highest improvement of clearance index (creatinine
clearance or glomerular filtration rate) was observed in RF group treatment with 50% of
recommended phosphorus & potassium.

Table (8): Effect of low phosphorus& potassium diets and SC medication on
creatinine clearance, urea clearance and uric acid clearance of experimental rat
groups

Parameter  [Negative |Renal failure groups LSD

Control - IpEpositive RE7SC_ [RF 725% |RF +50% |RF +75%
Control medication |RPK RPK RPK
CrC (mimin) [0.0176°20.[0.00 1210, 0.0130°20.0010,006°20.0 [0.0132°20. {0.0120°200.0 00004

0005 0001 05 005 0001 005
UC (ml/min) 800240‘&0.0 0.0087°+.0 10.152°+0.19 8000155“i0.0 8.1022"‘i0.0 (3).029"‘i0.000 0.14
UAC (ml/min) [0.003+0.0[0.07°£0.000 [0.03°+0.001 {0.026°+0.0 [0.018°+0.0 {0.042°+0.0000.001
001 5 005 001 5

Values are expressed as means+ SD; means in the same raw with different letter are significantly different (P < 0.05). RF: Renal
failure, SC: sevelamer carbonate, RPK: Recommended phosphorus & potassium CrC: creatinine clearance, UC: urea clearance and
UAC: uric acid clearance

Effect of low phosphorus potassium diets and sevelamer carbonate (SC) medication on
body weight gain (BWGQG), food intake (FI/day) and food efficiency ratio (FER) for control
negative and renal failure (RF) groups are showed in table (9). Data showed that the
BWG, FI and FER in positive control group were lower (P<0.05) than negative control
group. These results were in agreement with those reported by Al Suleimani et al., (2017)
who found that found that renal failure in rats induced a significant decrease (P < 0.05)
in BWG, FI and FER as compared to the RF positive group. Feeding RF rats with different
low percent of recommended phosphorus & potassium resulted in significantly (P > 0.05)
increase the BWG% and FER compared with RF positive control group. The obtained
results showed that BWG, Fl/day and FER were dramatically increased significantly
(P>0.05) for RF groups fed with 25, 50 and 75% of recommended phosphorus &
potassium to level of (0.088 +£0.002 g, 19.13 +.23 g/day and 0.004 +0% respectively,
0.054 £0.01 g, 23.1 £0.17 g/day and0.023 +0.0001% respectively and0.374 +0.003 g,
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21.56 £0.40 g/day and0.016 £0.0002% respectively) surpassing the level recorded for RF
positive control group (-0.314+0.012g, 18.43+£0.37 g/day and - 0.01+0.0001%
respectively). This finding were in agree with Jason et al., (1997) who found that feeding
graded doses of soybean meal, corn meal chicory meal and chickpea meal in which are
available in low phosphorus and potassium diets resulted in linear (P>0.05) increases in
weight gain. Also, Aziz, (2009) added that Soybean seeds treatment alone resulted in an
improvement of body weight. Treated RF rats with SC drug induced a significant increase
(P >0.05) in BWG, FI and FER as compared to RF control positive group. These results
were in agreement with those reported by Torménen et al., (2014) who found that BWG,
FI and FER in renal failure rats increased significantly (P>0.05) following SC treatment.
Feeding rats with 50 % of recommended phosphorus & potassium was more effective (P
>0.05) in increase BWG, FI and FER than rats treated with 25 and 75% of recommended
phosphorus & potassium, sevelamer carbonate medication and positive control group. On
the other hand, there were no significant difference was observed in BWG between rats
fed with 25% of recommended phosphorus & potassium, sevelamer carbonate
medication. While, feeding rats on 50% of recommended phosphorus and potassium and
negative control group did not significantly different (P<0.05) in their effect on FER .

Table (9): Effect of Effect of low phosphorus potassium diets and SC medication on
BWG, FI and FER of experimental rat groups
Renal failure groups

Parameter  ~Ba0%C Rp o otive RF+SC RF+25% RF+50% RF+75% LSD
Control medication RPK RPK RPK

Body weight  0.582a£0.0 -0.314ct  0.095d0.00 0.088d%0.0 0.374¢20.0

gain (g) 19 0.012 4 ) 0.054b+0.01 3 0.018

(F;fi‘i;)mke 34-66?1*0-3 18.43££037 2023d+0.25 19.13¢+.23 23.16+0.17 3156&04 0.53

Feed Efficiency 0.023a£0.0 -0.01 0.0045¢0.0 0.02320.00 0.016b0.0

Ratio (%) 0005 ¢+0.0001 0005 0.004d=0 7 002 0.00002

Values are expressed as means+ SD; means in the same raw with different letter are significantly different (P < 0.05). RF: Renal
failure, SC: sevelamer carbonate, RPK: Recommended phosphorus & potassium.

Conclusion and recommendations

Dietary therapy for hyperphosphatemia and hyperkalemia in RF experimental animal by
low phosphorus and low potassium diets had predominant benefits not less important than
pharmacological intervention to reduce disease progression. Feeding with 50% of
recommended phosphorus and potassium were effective in improving kidney functions
in renal failure disease followed by RF group which treated with 75% of recommended
phosphorus and potassium. Feeding with 25% of recommended phosphorus and
potassium led to reverse results. So, it is recommended to feed the renal failure patients
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with 50% of recommended phosphorus and potassium for its potential effect to reduce
the risks of hyperphosphatemia and hyperkalemia.

References:

1.

2.

10.

11.

12.

13.

Ahmed J, Weisberg LS. Hyperkalemia in Dialysis Patients. New York, US:
Blackwell In Seminars in dialysis. Science Inc. 2001; 14 (5): 348-356.

Akbari R, Bahadoram M, Ghorbani A, Zarghami A. Campaigning for kidney health;
an experience from kidney day in Iran. Ann. Res. Dial. 2016; 1: e02.

Akchurin M. Chronic kidney disease and dietary measures to improve
outcomes. Pediatric Clinics. 2019; 66(1): 247-267.

Al Suleimani YM, Al Mahruqi AS, Al Za'abi M, Shalaby A, Ashique M, Nemmar
A, Ali BH. Effect of diesel exhaust particles on renal vascular responses in rats with
chronic kidney disease. Environmental toxicology. 2017; 32(2): 541-549.

Ali BH, Adham SA, Al Za’abi M, Waly MI, Yasin J, Nemmar A, et al. Ameliorative
effect of chrysin on adenine-induced chronic kidney disease in rats. PLoS One. 2015;
10(4): e0125285.

Alonso A, Nettleton JA, Ix JH, De Boer IH, Folsom A R, Bidulescu A, et al. Dietary
phosphorus, blood pressure, and incidence of hypertension in the atherosclerosis risk
in communities' study and the multi-ethnic study of atherosclerosis. Hypertension.
2010;55(3): 776-784.

AOAC (2010). Official methods of Analysis of the Association of Official Analytical
Chemists, 20th ed.

Askar A M. Hyperphosphatemia: The hidden killer in chronic kidney disease. Saudi
medical journal. 2015; 36(1): 13.

Aziz OH. Effect of soybean seeds alone or in combination with insulin or
glibenclamide on serum lipid profiles in alloxan-induced diabetic rats. /raqi Journal
of Veterinary Sciences. 2009; 23 (1): En17-En23.

Barreto FC, Barreto DV, Massy ZA, Driieke TB. Strategies for phosphate control in
patients with CKD. Kidney international reports.2019; 4(8): 1043-1056.

Bartels H, Bohmer M. Creatinine standard and measurement of serum creatinine with
picric acid. Clin. Chem., Acta. 1971;32: 81.

Behets GJ, Gritters M, Dams G, De Broe ME, D'Haese PC. Effects of efficient
phosphate binding on bone in chronic renal failure rats. Renal failure. 2005; 27(4):
475-484.

Bellizzi V,Cupisti A, Locatelli F, Bolasco P, Brunori G, Cancarini G, et al. Low-
protein diets for chronic kidney disease patients: the Italian experience. BMC
nephrology. 2016; 17(1):77.

JHE, 2021, 31(3): pp: 20-44 . Printed in Menoufia University, Egypt. Copyrights © The JHE
-38-



Elhassaneen et al., (2021)

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Bhan I, Shah A, Holmes J, Isakova T, Gutierrez O, Burnett SA, et al. Post-transplant
hypophosphatemia: tertiary ‘hyper-phosphatoninism’? Kidney international. 2006;
70(8):1486-1494.

Cartledge S, Lawson N. Aldosterone and renin measurements. Annals of clinical
biochemistry. 2000; 37(3): 262-278.

Cases A, Cigarran-Guldris S, Mas S, Gonzalez-Parra E. Vegetable-based diets for
chronic kidney disease? It is time to reconsider. Nutrients. 2019;11(6): 1263.
Catena C, Lapenna R, Baroselli S, Nadalini E, Colussi G, Novello M, et al. Insulin
sensitivity in patients with primary aldosteronism: a follow-up study. The Journal of
Clinical Endocrinology & Metabolism.2006; 91(9): 3457-3463.

Chapman DG, Castillo R, Campbell JA. Evaluation of protein in foods: 1. A method
for the determination of protein efficiency ratios. Canadian Journal of Biochemistry
and Physiology. 1959 May 1;37(5):679-86.

Chathoth S, Al-Mueilo S, Cyrus C, Vatte C, Al-Nafaie A, Al-Ali R, et al. Elevated
fibroblast growth factor 23 concentration: prediction of mortality among chronic
kidney disease patients. Cardiorenal medicine. 2016; 6(1): 73-82.

Clase CM, Carrero JJ, Ellison DH. Potassium homeostasis and management of
dyskalaemia in kidney diseases: conclusions from a Kidney Disease: Improving
Global Outcomes (KDIGO) Controversies Conference. Kidney Int. 2020; 97(1):42—
61.

Clegg DJ, Gallant KMH. Plant-based diets in CKD. Clinical Journal of the American
Society of Nephrology. 2019; 14(1):141-143.

Cozzolino M, Gallieni M, Brancaccio D. Vascular calcification in uremic conditions:
new insights into pathogenesis. In Seminars in nephrology .2006; 26( 1): 33-37.
Cupisti A, Kalantar-Zadeh K. Management of natural and added dietary phosphorus
burden in kidney disease. In Seminars in nephrology. WB Saunders. 2013 ; 33( 2):
180-190.

Deska Pagana K, Pagana TJ. Mosby's Manual of Diagnostic and Laboratory Tests-
E-Book. St. Louis, MO Elsevier Health Sciences.; 2002.

Di Micco L, Quinn RR, Ronksley PE, Bellizzi V, Lewin AM, CianciarusoB, Ravani
P. Urine creatinine excretion and clinical outcomes in CKD. Clinical Journal of the
American Society of Nephrology.2013; 8(11), 1877-1883.

Diwan V, Small D, Kauter K, Gobe, GC, Brown L. Gender differences in adenine-
induced chronic kidney disease and cardiovascular complications in rats. American
Journal of Physiology-Renal Physiology.2014; 307(11): F1169-F1178.

El-Haddad B, Reule S, Drawz PE. Dual renin-angiotensin-aldosterone system
inhibition for the treatment of diabetic kidney disease: Adverse effects and
unfulfilled promise. Current Diabetes Reports.2015; 15(10): 1-6.

JHE, 2021, 31(3): pp: 20-44 . Printed in Menoufia University, Egypt. Copyrights © The JHE
-39-



Elhassaneen et al., (2021)

28.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

40.

41.

42.

Faubert PF, Shapiro WB, Porush JG, Chou SY, Gross JM, Bondi E, et al. Pulmonary
calcification in hemodialyzed patients detected by technetium-99m diphosphonate
scanning. Kidney International. 1980; 18(1):95-102.

Ferrari SL, Bonjour JP, Rizzoli R. Fibroblast growth factor-23 relationship to dietary
phosphate and renal phosphate handling in healthy young men. The Journal of
Clinical Endocrinology & Metabolism. 2005; 90(3):1519-1524.

Fossati P, Orencipl L, Berti G. Egyptian colorimetric method of determination of uric
acid in serum. Clin. Chem.1980; 8(12): 26: 227.

Fraser D, Jones G, Kooh SW, Radde LC. Calcium and Phosphate Metabolism. In
textbook of clinical chemistry. tiez, N.W. Ed Saunders, Philadelphia. USA.1986.
Gomal AC, Bardawill CJ, David MM. Determination of serum protein. J. Bio.
Chem.1949; 177(2), 751-766.

Gounden V, Jialal I. Renal function tests. In: StatPearls [Internet]. Treasure Island
(FL): StatPearls Publishing; 2020 Jan.

Gowda S, Desai PB, Kulkarni SS, Hull VV, Math AA, Vernekar SN. Markers of
renal function tests. North American Journal Of Medical Sciences.2010; 2(4):170
Goyal R, Jialal I. Hyperphosphatemia. Stat Pearls [Internet] (2020).

Hanner F, von Maltzahn J, Maxeiner S, Toma I, Sipos A, Kruger O, et al. Connexin45
is expressed in the juxtaglomerular apparatus and is involved in the regulation of
renin secretion and blood pressure. American Journal of Physiology-Regulatory,
Integrative and Comparative Physiology. 2008;295(2): R371-R380.

Henry RJ. Clinical Chemistry Principles and Techniques. 2nd Ed., Harper and
Publishers, New York. Philadelphia. 1974.

Henry RJ. Colorimetric method of total protein. J. Of Clinical Chemistry, Harper,
Row Publishers, New York. 1964; 181.

Hodeify R, Megyesi J, Tarcsafalvi A, Mustafa HI, Hti Lar Seng NS, Price PM.
Gender differences control the susceptibility to ER stress-induced acute kidney
injury. American Journal of Physiology-Renal Physiology. 2013; 304(7): F875-
F882.

Jason L, Emmert JL, Baker DH. A chick bioassay approach for determining the
bioavailable choline concentration in normal and overheated soybean meal, canola
meal and peanut meal. The Journal Of Nutrition. 1997; 127(5): 745-752.

Julian B A, Suzuki H,Suzuki Y, Tomino Y, Spasovski G, Novak J. Sources of urinary
proteins and their analysis by urinary proteomics for the detection of biomarkers of
disease. PROTEOMICS—Clinical Applications. 2010; 3(9): 1029-1043.

Kang KP, Lee JE, Lee AS, Jung YJ, Kim D, Lee S, et al. Effect of gender differences
on the regulation of renal ischemia-reperfusion-induced inflammation in mice.
Molecular Medicine Reports. 2014; 9(6), 2061-2068

JHE, 2021, 31(3): pp: 20-44 . Printed in Menoufia University, Egypt. Copyrights © The JHE
-40-



Elhassaneen et al., (2021)

43.

44,
45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Kasiske BL, Zeier MG, Chapman JR, Craig JC, Ekberg H, Garvey CA, et al. KDIGO
clinical practice guideline for the care of kidney transplant recipients: a
summary. Kidney International. 2010; 77(4), 299-311.

Keung L, Perwad F. Vitamin D and kidney disease. Bone Reports. 2018; 9: 93-100.
Kind PRN, King EJ. Estimation of plasma phosphatase by determination of
hydrolysed phenol with amino-antipyrine. J. Clin. Path. 1954; 7:322-326.

King AJ, Kohler J, Fung C, Jiang Z, Quach A, Kumaraswamy P, et al. Combination
treatment with tenapanor and sevelamer synergistically reduces urinary phosphorus
excretion in rats. American Journal of Physiology-Renal Physiology. 2021; 320(1):
F133-F144.

Kovesdy CP. Updates in hyperkalemia: outcomes and therapeutic strategies. Reviews
in Endocrine and Metabolic Disorders. 2017; 18(1):41-47.

Lever AF, Robertson JIS, Tree M. The estimation of renin in plasma by an enzyme
kinetic technique. Biochemical Journal. 1964; 91(2): 346-352.

Lewin MR, Wills MR, Baron DN. Ultramicrofluorimetric determination of calcium
in plasma. Journal Of Clinical Pathology. 1969; 22(2):222-225.

Low PA, Tomalia VA. Orthostatic hypotension: mechanisms, causes,
management. Journal Of Clinical Neurology (Seoul, Korea). 2015; 11(3):220.
Marks V. Blood glucose: its measurement and clinical importance. Clinica chimica
acta. 1996; 251(1): 3-17.

Nagano N, Miyata S, Obana S, Kobayashi N, Fukushima N, Burke SK, et al.
Sevelamer hydrochloride, a phosphate binder, protects against deterioration of renal
function in rats with progressive chronic renal insufficiency. Nephrology Dialysis
Transplantation. 2003; 18(10): 2014-2023

Nakanishi T, Nanami M, Kuragano T. The pathogenesis of CKD complications;
Attack of dysregulated iron and phosphate metabolism. Free Radical Biology and
Medicine. September 2020; 157: 55-62.

Ohno I, Yamaguchi Y, Saikawa H, Uetake D, Hikita M, Okabe H, et al. Sevelamer
decreases serum uric acid concentration through adsorption of uric acid in
maintenance hemodialysis patients. Internal Medicine. 2009;48(6):415-420.
Oliveira RB, Cancela AL, Graciolli FG, Dos Reis LM, Draibe SA, Cuppari L, et al.
Early control of PTH and FGF23 in normophosphatemic CKD patients: a new target
in CKD-MBD therapy? Clinical Journal of the American Society of Nephrology.
2010;5(2):286-291.

Paik JM, Curhan GC, Forman JP, Taylor EN. Determinants of plasma parathyroid
hormone levels in young women. Calcified Tissue International. 2010; 87(3):211-
217.

JHE, 2021, 31(3): pp: 20-44 . Printed in Menoufia University, Egypt. Copyrights © The JHE
-41-



Elhassaneen et al., (2021)

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

Pandya D, Nagrajappa AK, Ravi KS. Assessment and correlation of urea and
creatinine levels in saliva and serum of patients with chronic kidney disease, diabetes
and hypertension—a research study. Journal of clinical and diagnostic research:
JCDR. 2016; 10(10): ZC58.

Park JH, Jo Y I, Lee JH. Renal effects of uric acid: hyperuricemia and hypouricemia.
The Korean Journal of Internal Medicine. 2020; 35(6):1291.

Park JH, Lee JH. Renal effects of uric acid: hyperuricemia and hypouricemia. The
Korean Journal of Internal Medicine. 2020; 35(6): 1291.

Patton CJ, Crouch SR. Enzymatic colorimetric method to determine urea in serum.
Anal. Chem.1977;49: 464-469.

Petrasek D, Jensen G, Tuck M, Stern N. In vitro effects of insulin on aldosterone
production in rat zona glomerulosa cells. Life Sciences. 1992; 50(23): 1781-1787.
Pham H, Robinson-Cohen C, Biggs ML, Ix JH, Mukamal KJ, Fried LF, et al. Chronic
kidney disease, insulin resistance, and incident diabetes in older adults. Clinical
Journal of the American Society of Nephrology. 2012; 7(4): 588-594.

Pun PH. The interplay between CKD, sudden cardiac death, and ventricular
arrhythmias. Advances In Chronic Kidney Disease. 2014; 21(6), 480-488.

Purohit P. Estimation of serum insulin, Homeostasis model assessment-insulin
resistance and C-peptide can help identify possible cardiovascular disease risk in
thyroid disorder patients. Indian Journal of Endocrinology and Metabolism. 2012;16
(Suppll): S97.

Rajkumar V, Waseem M. Hypoaldosteronism. StatPearls [Internet]. Treasure Island
(FL): StatPearls Publishing; 2021 Feb 10. In: 2021 Jan—. PMID: 32310452.

Reeves PG, Nielsen FH, Fahey Jr G C. AIN-93 purified diets for laboratory rodents:
final report of the American Institute of Nutrition ad hoc writing committee on the
reformulation of the AIN-76A rodent diet. 1993; 123 (Issue 11):1939-1951.

Savica V, Santoro D, Monardo P, Mallamace A, Bellinghieri G. Sevelamer carbonate
in the treatment of hyperphosphatemia in patients with chronic kidney disease on
hemodialysis. Therapeutics And Clinical Risk Management. 2008; 4(4): 821.
Sonikian M, Metaxaki P, Iliopoulos A, Marioli S, Vlassopoulos D. Long-term
management of sevelamer hydrochloride-induced metabolic acidosis aggravation
and hyperkalemia in hemodialysis patients. Renal Failure.2006; 28(5): 411-418.
Spasovski D. Renal markers for assessment of renal tubular and glomerular
dysfunction. J. Nephropharmacol. 2013; 2(2): 23-25.

Steel R GD, Torri JH. "Principles and procedures of statistical biometrical
approaches. 2nd McGraw-Hill Book Company." New York, London 1980.
Torméanen S, Erdranta A, Riutta A, K66obi P, Honkanen T, Karavalakis E, et al.
Calcium carbonate versus sevelamer hydrochloride as phosphate binders after long-

JHE, 2021, 31(3): pp: 20-44 . Printed in Menoufia University, Egypt. Copyrights © The JHE
-42-



Elhassaneen et al., (2021)

72.

73.

74.

75.

76.

77.

term disease progression in 5/6 nephrectomized rats. Advances in Nephrology. 2014;
Volume 2014:

Torres P U, Friedlander G, De Vernejoul MC, Silve C, Prie D. Bone mass does not
correlate with the serum fibroblast growth factor 23 in hemodialysis patients. Kidney
International. 2008; 73(1): 102-107.

Tyagi, A. and Aeddula, N. R. Azotemia. . In: StatPearls [Internet]. Treasure Island
(FL): StatPearls Publishing; 2020 Jan—. PMID: 30844172.

Van der Slikke EC, Star BS, de Jager VD, Leferink MB, Klein LM, Quinten V M, et
al. A high urea-to-creatinine ratio predicts long-term mortality independent of acute
kidney injury among patients hospitalized with an infection. Scientific Reports,
2020;10(1):1-10.

Vincenzo S, Santoro D, Monardo P, Mallamace A, Bellinghieri G. Sevelamer
carbonate in the treatment of hyperphosphatemia in patients with chronic kidney
disease on hemodialysis. Therapeutics and Clinical Risk Management. 2016;
4(4):821.

Wang Z, Senn T, Kalhorn T, Zheng XE, Zheng S, Davis CL H. Simultaneous
measurement of plasma vitamin D3 metabolites, including 4f3, 25-dihydroxyvitamin
D3, wusing liquid chromatography-tandem mass spectrometry. Analytical
Biochemistry. 2011; 418 (1): 126-133.

Wiedermann CJ, Wiedermann W, Joannidis M. Causal relationship between
hypoalbuminemia and acute kidney injury. World Journal of Nephrology.2017; 6(4):
176.

JHE, 2021, 31(3): pp: 20-44 . Printed in Menoufia University, Egypt. Copyrights © The JHE
-43-



Elhassaneen et al., (2021)

0233 dlasdl QLA o ol £1909 pgunligdly ygiuwgdll Lahsuio wbirgll AT
ylie duwlyd 151 Jiudl

QTJLA}H e ‘ang‘ %k:'d‘ Zu_w.: ‘gé“a;..dl 9|).ij| dobld cg}SLw.zJ‘ ui.wy

e 098Il s cdd giodl daala ¢ )l SLasBY) & cdaaldl pole g ddal ond

; :‘%J.dl =L IVN|

e g LG &5)lieg pounliodly yshwsdll dnasiie dslisll dalaidl W0 0o J) Aol dusy | g
oty doled e duwhll oyl .ol Jidlb dlaall olAall e w1 juds 4 SI1_pedudw B gs,S
Leaats)) e goazeall . a6 game ] gl 03 10428001 0a3lis ol SN gV 5585 o0 51
Pl e Lgiadal @ AWl dpusy)l de gazmoll . ddli dlaslis de gamnaS dpunlidll dugll e Lgadss o3 J gV
lgiads3 o3 duzrgoll dasliall de gozrall @gonnd Balel o5 (81 Jaudll HLoW oVl e (s Sl
daisie Olzy e 05 (G degamally podadl Hlam codge (@l de gazmally Al o)l e
OLARN 23333 ol 0 92wl gl g ) 9w gl (30 AN bl (10 £ 75 9 50 €25 uandy p90asligll ) g9iun gl
Olagd byd Al> )25 gis J] poreslioly ysiawgall ZlimYl e 7755 50 25 Jiad Slazs dlaall
09050 (23 dulll dog )1 g Jale @33] bgtune (3 polassl Ll oyl o pull ool boy3g el
edle @3 (&l degazally ddludl degazally d5)laall (W guddl dogling syl @3] ¢ddys Hladl Bl
Csllsg (3 Soinn S gl pouawliadly )siesgill dyaiseio lergll (i3 dny . podkidad| plusialy
oo 750 dewdy Ldsdl Of ] Al duhll 5 a3 cplisl @ Asdlandl Wlegazmall apezd (S
(S Jadll oyl § S sy s § Jlad ogy (9250 pgrligdlls Hgiungdl

ORI 09 1w 9 Y - paanis gzl — ooyl LS el pganslig doyd ol iliusgd Loyd 1du-lidall cilalSl
23 &l deg Yl gad Jale @3]

JHE, 2021, 31(3): pp: 20-44 . Printed in Menoufia University, Egypt. Copyrights © The JHE
-44-



