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The objective of this study is to explore the effects of cereal supplementation, which contains 
many nutritional factors including amino acids, on renal function and morphological structure in 5/6 
nephrectomized rats. Male Spraque-Dawley rats, 250-300 g, were divided into sham control (Group 1) 
and nephrectomized (Group 2 and Group 3) groups. The 5/6 nephrectomy was performed by removal 
of the right kidney and 2/3 ligation of left renal artery. After surgery, the animal was kept in an 
individual cage for 5 weeks. Rats in Group 1 and Group 2 were fed with a normal protein diet only 
while those in Group 3 were fed with both the normal protein diet and cereal (0.06 g/ rat/ day). The 
cereal supplementation was started a day after surgery.  After 5 weeks, all rats were subjected to renal 
function study and then their left kidneys were isolated for morphological study. There were no 
significant differences in body weight, blood pressure, and heart rate among groups. Cereal 
supplementation significantly increased (p < 0.05) plasma creatinine concentration, glomerular 
filtration rate, effective renal plasma flow, and urine flow rate in nephrectomized rats when compared 
to sham (Group 1) and untreated nephrectomized (Group 2) controls.  In contrast, plasma urea 
concentration and morphological structure were not significantly modified by cereal supplementation 
in nephrectomized animals. These data suggest that feeding with a normal protein diet and cereal 
supplementation improves renal function without any morphological effect in 5/6 nephrectomized rats.  
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 The most widely studied model for the pathophysiology of chronic renal failure is the 5/6 
nephrectomized or the remnant kidney model. After 5/6 nephrectomy, systemic hypertension, 
proteinuria, a decrease in renal function and a progressive glomerulosclerosis were evident in the rats 
(Hostetter et al., 1981). Different experimental maneuvers have been employed in an effort to reduce 
the progressive rate of renal insufficiency in the remnant kidney model of kidney disease. The most 
commonly used strategies include dietary modifications. Effects of protein restriction (El-Nahas et al., 
1983; Finco et al., 1998; Meireles et al., 1999), phosphorus restriction (Finco et al., 1992) and 

modification of calorie intake (Adam et al., 
1993; Finco et al., 1998) on the hemodynamic 
changes and morphological alterations have 
consistently been demonstrated in the 
nephrectomized model.   
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The nephrectomized rats maintained on moderate protein restriction survived longer and developed less 
glomerular sclerosis when compared to those maintained on normal protein diet (Brenner et al., 1982; 
El-Nahas et al., 1983). However, consuming low protein diet always leads to an inadequate calorie 
intake. Adam and coworkers (1993) showed that protein and calorie restricted diet effectively reduced 
serum urea nitrogen concentration in 5/6 nephrectomized cats. Renal morphology in 5/6 
nephrectomized cats fed on high protein diet showed more glomerular and tubular damage than those 
fed on low protein diet. The authors suggested that the differences in renal damage might have been 
attributable to differences in protein intake, calorie intake, or a combination of protein and calorie 
intake. Finco and coworkers (1998) reported that the calorie, not the protein, was significantly related 
to the magnitude of non-glomerular lesion score.  
 As the beneficial effects of dietary modification especially those on moderate protein 
restriction, amino acid supplementation and adequate calorie intake had been reported on the 5/6 
nephrectomized model representing the status of chronic renal failure (Finco et al., 1992). Thus, many 
commercial foods have been developed for such purpose. The present study is designed to investigate 
the effect of cereal supplementation, which contains moderate amino acids and adequate calories, on 
renal function and morphology in 5/6 nephrectomized rats.  

 MATERIALS AND METHODS 
 

All experiments were performed in male Sprague-Dawley rats, weighing 200-300 g. All rats 
were supplied by National Laboratory Animal Center.  They were fed ad libitum with a standard rat 
chow (CP, Thailand) containing 24% protein and allowed free access to tap water. All studies were 
approved by the Animal Use Committee at Chulalongkorn University, and the studies were conducted 
in compliance with NIH and American Physiology Society standards for the care and use of research 
animals. 

me  
The 5/6 nephrectomized rats were used as the model for chronic renal failure. Rats were divided 

into 3 groups. Group 1(n=8) was sham operated rats. Group 2 (n = 8) was served as control 
nephrectomized rats. Group 3 (n = 8) was 5/6 nephrectomized rats fed with cereal supplementation 
(Nutriblend) at dose of 0.06 g/rat daily. The cereal was dissolved in 1 ml. of water. Before operation, 
rats were placed in a metabolic cage to collect urine for 24 hours. The 24-hour urine samples were used 
for measurement of urinary protein/creatinine ratio. Blood samples were collected by cutting tip of rat’s 
tail for measurements of glucose, urea nitrogen, and packed cell volume (PCV). After blood collection, 
rats in Group 1 underwent sham operation while Group 2 and Group 3 underwent 5/6 nephrectomy. 
After the operation, each rat was kept in the individual cage fed ad libitum with a standard rat chow 
(CP, Thailand) containing 24% protein and allowed to tap water for 5 weeks. The cereal 
supplementation for nephrectomized rats was forced feeding once a day, starting 1 day after surgery 
until 5 weeks. One day before renal function study, rats were placed in metabolic cages for 24 hours. 
At the end of 5 weeks, all rats were underwent renal function study. Finally, the left kidney of each rat 
was collected for morphological study.  
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 Table 1.  Cereal composition. 
 

Components % Components % 

Ingredients 
Cargo rice Flour 
Corn Flour 
Short Grain Rice Flour 
Soya Flour 
Spirulina 
 
Nutritional factors 
Crude Protein 
Total Fat 
Moisture 
Sodium 
NaCl  
Energy  
Carbohydrate  
Vitamin E 
Vitamin B1 
Vitamin B2 
Vitamin B6 
Niacin  
Pantothenic  acid 
Copper  
Iron 
Manganese 

 
30.00 
30.00 
30.00 
9.98 
0.02 

 
 

8.45% 
1.16% 
5.25% 
0.83% 
2.10% 

327.24kcal/100g 
82% 

0.54 ppm 
4.62 ppm 
0.71 ppm 
0.08 ppm 
0.76 ppm 
6.35 ppm 
2.66 ppm 
8.11  ppm 
8.69 ppm 

Amino acids 
Aspatic acid 
Thronine 
Serine 
Glutamic  
Glycine acid  
Alanine 
Cystine 
Valine 
Methionine 
Iso-leucine 
Leucine 
Tyrosine 
Phenylalanine  
Histidine 
Lysine  
Arginine 
Tryptophan 

 
0.945% 
0.251% 
0.560% 
1.310% 
0.343% 
0.482% 
0.229% 
0.394% 
0.255% 
0.287% 
0.745% 
0.271% 
0.200% 
0.210% 
0.283% 
0.412% 
0.092% 

 
 
Operative procedure of 5/6 nephrectomy  
After first 24-hour urine collection, each rat was anesthetized by intraperitoneal injection with sodium 
pentobarbital (Nembutal), 60 mg/kg body weight (BW). The 50 µl of blood was collected by cutting 
the tail’s tip and allowed to drop into a heparinized tube for determination of blood urea nitrogen 
concentration and stored at –20°C for other biochemical measurements. Sham operation was performed 
in Group 1 by opening the abdomen, exposing the kidney, and then moving the kidney back and forth. 
In Group 2 and Group 3, 5/6 nephrectomy was performed by a small mid-abdominal incision, removal 
of right kidneys, and then ligating two of the three branches of left renal artery 

Operative procedure of renal clearance study 
 After 5 weeks of treatment, the rat was anesthetized by intraperitoneal injection with a 
combination of ketamine hydrochloride (70 mg/kg) and xylazine hydrochloride    (7 mg/kg). 
Tracheotomy was carried out and a short piece of PE240 catheter was inserted into the trachea for 
aspirating secretion and used as an artificial airway. The right femoral artery and vein were cannulated 
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with PE50 catheters. The right femoral artery was used to monitor arterial blood pressure by connecting 
to a pressure transducer with a Grass polygraph recorder. A polyethylene catheter was inserted into the 
right femoral vein for infusion of inulin and PAH solution. The left femoral artery was used for blood 
sampling. The abdominal midline incision was performed, both ureters were carefully located and  the 
PE10 catheter was then inserted for urine collection. In Group 2 and Group 3, only the remaining left 
ureter was cannulated for collecting urine. Urine was collected into a pre-weighed eppendorf.  

Renal clearance study 
 Clearance study was started by infusing a mixture of 1.0 g inulin, 0.1 g PAH, and 6 g mannitol 
dissolved in 0.9% saline solution at the rate of 0.01 ml per kg BW per hour continuously for 45 minutes  
to stabilize plasma inulin and PAH concentrations. After equilibration period, three consecutive 20-
minute urine collection and arterial blood sampling at midpoint of each urine collection were 
performed. Urine volume was measured from the weight changes of pre-weighed eppendorf. Blood 
samples were used to determine PCV. Plasma and urine were kept at –20°c for further analysis of PAH 
and inulin concentration.  

Morphological study 
 Following renal clearance study, each kidney was fixed in situ by perfusing with normal saline 
followed by 18% glutataraldehyde in 0.02 M cacodylate buffer (pH = 7.2) for 20 minutes and then 3% 
glutaraldehyde in 0.1 M cacodylate buffer (pH = 7.2) for 20 minutes. All kidneys were collected and 
peritoneal fat was freed. The kidney cortical area was sliced into a small piece (1 x 1 mm.) and was 
post-fixed in 3% cacodylate buffer. Tissue blocks were processed for electron microscopic study 
(Hostetter et al., 1981). The remaining kidney further fixed in 10% buffered formalin solution and 
processed for histological evaluation. Paraffin sections were stained with Hematoxylin and Eosin 
(H&E) and treated with Periodic Acid Shift reagent (PAS).    
 
 Determination of blood and urine samples 
 Plasma and urine from clearance tests were used for determination of inulin, PAH, electrolytes, 
creatinine, and osmolarity. The inulin concentration was determined by the Anthrone method as 
described by Young and Raisz (1952), the PAH concentration by the method of Brun (1951), sodium 
and potassium concentrations by using flame photometry (Flame photometer 410C, Ciba Corning), and 
the chloride concentration by using Choridometer (Chloride analyzer 925, Ciba Corning). The 
creatinine concentration was analyzed by the colorimetric method using Jaffe reaction (Hawk et al., 
1954). The osmolality was measured by freezing-point depression osmometer. PCV was determined 
using the microcentrifugation method. The plasma urea nitrogen concentration was analyzed by the 
colorimetric method of Ritcher and Lapointe (1962) using diacetyl monoxime reagent for color 
development.  Plasma glucose concentration was determined by Kodak EKTA CHEM DT60 and 
urinary protein concentration by a colorimeter after precipitation with 3% sulfosalicylic acid. 
 
Calculation 
  

Mean arterial blood pressure (MAP)   = DP+ PP/3 
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Pulse pressure (PP)               =          SP-DP 

  
Glomerular filtration rate (GFR)  =   

 
  

Effective renal plasma flow (ERPF)  =    

 

Effective renal blood flow (ERBF)  =   

 

 Filtration fraction (FF)   =   

 

Renal vascular resistance (RVR)  = 
ERBF

MAP
     

Urinary electrolyte excretion   = UeV 

 

Fractional excretion of electrolyte (FFe) =   

SP = systolic blood pressure; DP = diastolic blood pressure; Uin = urinary inulin concentration; Pin = 
plasma inulin concentration; UPAH = urinary PAH concentration; PPAH = plasma PAH concentration; Ue 
= urinary electrolyte concentration; Pe = plasma electrolyte concentration; V = urine flow rate. 
 
Data analysis 
 The data were presented as mean ± SEM except for the urinary protein-creatinine ratio which 
was shown as median. Student paired t-test was used to compare data within the same group. One-way 
analysis of variance (ANOVA) was used to determine the differences among the 3 groups. Duncan’s 
multiple range test was used for pair-wise comparison. Kruskal-Wallis one-way analysis of variance 
rank test was used to analyze non-parametric parameters while Dunnett’s method was used for pair-
wise comparisons between two-treatment groups. The result was considered to be statistically 
significant difference when p-value was less than 0.05.   
 

RESULTS 
The composition of cereal used in the present study is shown in Table1. Body weights were not 

significantly different among groups either before or after treatment (Table 2). After 5 weeks of 
treatment, the plasma urea concentration significantly (P<0.05) increased in 5/6 nephrectomized rats 
with cereal supplementation, but the value was not significantly different among groups (Table 2). 
Plasma creatinine concentrations were significantly higher in Group 3 compared with Group 2 while 
PCV significantly decreased in Group 2 and Group 3 (P<0.05) (Table 2). Plasma glucose 

Pin

VinU

PAH

PAH

P

VU

( ) 100
PCV1

ERPF
×

−

100
ERPF

GFR
×

100
GFR

Pe/UeV
×



14                             Arya et al. 
 

 

concentrations significantly increased (P<0.05) only in Group 3 when compared within groups. The 
urinary protein-creatinine ratios were not different among groups either before or after treatment. 

Systolic pressure, diastolic pressure, mean arterial pressure, and heart rate were not significantly 
different among the three groups (Table 3). 
From:  Biotik (Thailand) Co LTd. 
 

Table 2.  Body weight, plasma urea concentration, plasma creatinine concentration, 
packed cell volume, blood glucose concentration, urinary protein-creatinine 
ratio and blood pH before and after 5 weeks of treatment in three 
experimental groups.  

Parameters Group 1 Group 2 Group 3 
 Before After Before After Before After 
Body weight (g) 257 

 ± 9 
369  

± 11* 
230 

 ± 17 
354 

 ± 11* 
235 
 ± 11 

341  
± 8* 

Plasma urea 
concentration (mg/dl) 

33.3 
 ± 4.9 

54.6  
± 6.4 

47.0 
 ± 6.2 

58.0 
 ± 16.5 

30.9 
 ± 5.0 

75.9  
± 7.4* 

Plasma creatinine 
(mg/dl) 

- 0.40  
± 0.04b 

- 0.60 
 ± 0.09a,b 

- 0.70  
± 0.06a 

Packed cell volume 
(%) 

49 ± 2 43 ±2 53 ± 1 41.5 ± 2* 53 ± 1 39 ± 2* 

Blood glucose 
concentration (mg/dl) 

74.4 
 ± 6.3 

90.9 
 ± 7.9 

67.1  
± 5.8 

81.1  
± 10.0 

60.5 
 ± 6.3 

92.4  
± 9.9* 

Urinary protein-
creatinine ratio** 

1.5  3.9  1.1  3.5 2.1  1.4 

Blood pH - 7.30  
± 0.03 

- 7.20 
 ± 0.04 

- 7.30 
 ± 0.02 

Data reported as means ± SEM; Group 1, sham control; Group 2, nephrectomized 
without cereal supplementation; Group 3, nephrectomized with cereal supplementation; 
a, b data in the same row with different superscripts differ significantly (P<0.05); * 
denotes significantly differences from their corresponding before treatment (P< 0.001); 
** data reported as median  

 
Table 3.  Arterial  blood  pressure  and  heart  rate  in three groups of rats after 5 weeks  

of  treatment. 
Parameters Group 1 Group 2 Group 3 

SAP(mm Hg) 103 + 8 117 + 7 110 + 7 
DAP(mm Hg) 77 + 5 85 + 7 80 + 6 
MAP(mm Hg) 87 + 8 96 + 7 87 + 5 
HR(beats/min) 241 + 23 233 + 12 218 + 16 

Data reported as mean ± SEM; Group 1, sham control; Group 2, nephrectomized 
without cereal supplementation; Group 3, nephrectomized with cereal supplementation; 
SAP = systolic arterial pressure; DAP = diastolic arterial pressure; PP = pulse pressure; 
MAP = mean arterial pressure; HR = heart rate.  No significant difference was observed 
among groups. 
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Renal hemodynamics 
 Urine flow rate was not significantly different among groups (Table 4).  Glomerular filtration 
rate was significantly lower in Group 2 when compared to Group 1 and Group 3 while those of Group 
3 and Group 1 were not significantly different. There was no significant difference in filtration fraction 
among all groups although that of Group 3 had a tendency to be lower. Renal vascular resistance of 
Group 2 was 2 times higher than that of Group 1 while that of Group 3 was reduced to a similar value 
as Group 1. 
 

Table 4.   Renal hemodynamics in three experimental groups.  
 

Parameters Group 1 Group 2 Group 3 

V (µl/min) 50 ± 6 40 ± 4 50 ± 4 
GFR(µl/g BW/min) 2.2 ± 0.3a 1.2 ± 0.1b 1.6 ± 0.4a,b 
ERPF (µl/g BW/min) 11.3 ± 1.2 7.0 ± 1.2 12.2 ± 2.8  
ERBF (µl/g BW/min) 19.6 ± 2.1 12.2 ± 2.2 19.1 ± 4.5 
FF (%) 20.4 ± 2.5 22.5 ± 5.5 15.3 ± 2.4 
RVR mmHg/ml/min) 5.3 ± 1.0 12.9 ± 3.9 6.8 ± 1.6 

 
Data reported as mean ± SEM; a,b  data in the same row with difference superscripts 
differ significantly (P<0.05); V = urine flow rate; GFR = glomerular filtration rate; 
ERPF = effective renal plasma flow; ERBF = effective renal blood flow; FF = 
filtration fraction; RVR = renal vascular resistance. 

Plasma and urinary electrolytes  
 There was no significant difference in plasma sodium, potassium, and chloride concentrations 
among all groups of rats (Table 5). Urinary sodium and chloride excretion was not significant different 
among groups while urinary potassium excretion was slightly and significantly higher in Group 3 when 
compared to Group 1. Both nephrectomized groups (Group 2 and Group 3) displayed about two times 
higher fractional potassium excretion than sham control rats but significant difference was found only 
between Group 2 and Group 1. In contrast, fractional sodium and chloride excretion and urinary-
plasma osmolarity ratio were not significantly different among groups.  

 

Morphological structure 
Glomerulus  
 Dilated glomeruli were observed in both nephrectomized groups (Fig. 1). Some showed 
thickening of capillary wall and hypercellularity. In Group 3, few segmental sclerosis, glomerular 
capillary dilatation, and hypercellularity were also shown (Fig. 2). Glomerular shrinkage was shown in 
both Group 2 and Group 3. A few empty Bowman’s capsule was observed in Group 3. 
 Under electron microscope, Group 2 and Group 3 displayed similar alterations. These included 
slightly swell podocytes and endothelial cells, foot process fusion, insinuation, cytoplasmic debris in 
capillary lumen, and round droplets in the glomerular space (Figure 3) 
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Table 5.  Plasma  electrolyte  concentrations,  urinary excretion and fractional 
excretion of electrolytes, and urinary and plasma osmolality ratio  

 
Parameters Group 1 Group 2 Group 3 

PNa (mEq/ml) 137.9± 3.0 135.0   ±  5.4 146.9  ±   2.2 
PK  (mEq/ml) 4.1 ± 0.4 3.3 ± 0.3 3.8 ± 0.3 
PCl (mEq/ml) 130.9 ± 5.3 120.0  ± 6.3 126.8   ±  10.6 
UNaV (mEq/min) 4.1 ± 0.9 3.4 ± 0.6 6.2 ± 1.6 
UKV (mEq/min) 1.0 ± 0.2a 0.9 ± 0.1a 1.2 ± 0.1b 
UClV (mEq/min) 3.1 ± 0.8 3.2 ± 1.0 3.3 ± 0.8 
FENa (%) 1.5 ± 0.4 2.6 ± 0.6 3.1 ± 0.5 
FEK (%) 11.9 ± 2.5b 28.2 ± 6.0a 25.9 ± 3.5ab 
FECl (%) 1.3 ± 0.5 1.8 ± 0.5 1.4 ± 0.3 
Uosm / Posm 1.7 ± 0.3 1.8 ± 0.4 1.6 ± 0.2 

Data reported as mean + SEM; a, b, c data in the same row with different superscripts 
differ significantly (P<0.05); UNaV = urinary excretion of sodium; UKV = urinary 
excretion of potassium; UClV = urinary excretion of chloride; FENa = fractional 
excretion of sodium; FEK = fractional excretion of potassium; FECl = fractional 
excretion of chloride; PNa = plasma sodium concentration; PK = plasma potassium 
concentration; PCl = plasma chloride concentration; Uosm/Posm = urinary and 
plasma osmolality ratio 
 
 
 

 
Figure 1. Group 2: Glomerular capillary was  

developed dilation (C). Few pink  
droplet was found in Bowman’s 
space (arrow) (H&E, 40x). 

Figure 2.  Group 3: Segmental sclerosis (F) was 
                 observed (H&E, 40x)  
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Figure 3.  Morphology under electron microscope. Group 2 (a - b) and Group 3 (c- d) 
show similar alteration which include endothelial cell insinuations (I), 
slightly Podocyte (P) swelling, Cytoplasic debris (D) in capillary lumen, 
electron dense droplets (R) in the podocyte cytoplasm, and round droplet in 
the glomerular space (*); M = Mesangial cell, E = Endothelial cell  (9000x). 

 
Tubular alteration 

Group 2 had tubular dilatation with hyaline droplets in the proximal epithelial cells. Some of the 
proximal epithelia developed hydropic degeneration and dark-dense nuclei while others were sloughed 
off (Fig. 4).  Cereal supplementation in Group 3 caused slightly tubular dilatation with dark-dense 
nuclei in proximal epithelia and some of them were sloughed off. Mild degree of intertubular edema 
was also observed (Fig 5). 
 

 
 
 
Figure 4. Group  2:  Proximal  epithelial lining 

adjacent to the renal capsule displayed 
vacuolarization.  Casts were found in 
proximal tubular  lumen (star). (H&E, 
40x)   

 

a 

b 

c 

d 

b d 

c a 



18                             Arya et al. 
 

 

 
 
 
Figure 5. Group 3:  Tubular  dilation  were  

presented.  Proximal tubular cells 
were irregular in shape and size with 
dark and dense nuclei (arrow).  There 
was slightly intertubular edema (star). 
(H&E, 40x). 

 

 

Discussion 

Nutriblend® is one of the commercial cereal supplementation available in the market. It is 
advertised as a natural health cereal supplementation containing essential and natural food stuff such as 
hydrolysated vegetable and cereal starch which possesses a fiber-like action and is readily absorbed as 
a source of energy and functional nutrients suitable for enhancing the digestive function (Table 1).  
Since cereal provides nutritional factors needed such as amino acids and adequate calorie intake, it may 
have beneficial effects on the renal function similarly to those on the digestive function as reported by 
the company. 

Renal mass reduction did not affect the growth of rats. No significant difference in body weight 
was present among all groups of rats. In nephrectomized rats either with or without cereal 
supplementation, their PCVs at the end of experiment were significantly reduced compared to those of 
control.  This may be a result of renal mass reduction and subsequently reduced erythropoietin 
production. 

Increased plasma glucose concentrations after surgery were observed in all groups. The changes 
may be due to stress induced hyperglycemia (Kojima et al., 2000). The differences between pre- and 
post-treatment were significantly higher in Group 3. These results suggest that cereal, rich in 
carbohydrate, may be the provision of additional source of glucose.  

In the present study, the renal function of rats subjected to 5/6 nephrectomy alone were 
diminished. Glomerular filtration rate and renal plasma flow were reduced by half while filtration 
fraction did not change. The higher RVR was found. The results were in agreement with Bouby and 
coworkers (1993) who showed that after 4-6 weeks of operation, the 5/6 nephrectomized rats had lower 
level of GFR and ERPF. At this stage, the hyperfiltration was suggested since the remnant kidney can 
increase the amount of plasma to filtrate similarly to the function of whole kidney. 

In Group 3, GFR and RPF were higher than those of Group 2. The degree of increase in RPF is 
much higher than GFR causing a reduction in filtration fraction. Their renal vascular resistances were 
reduced to similar values of control.  These data indicate that pronounced vasodilation occurred in the 
remnant kidney. Efferent arteriole dilation was a prime event causing a reduction in filtration fraction 
(Dworkin and Brenner, 1995). Although FF was reduced, a higher GFR in Group 3 suggested that even 
more hyperfiltration was developed after cereal supplementation in consistent with increased urine flow 
rate. The hyperfiltration was not due to increase systemic blood pressure in this study.  

The lower renal vascular resistance in Group 3 compared to Group 2 may be due to some 
nutrients in the cereal. Vos and coworkers (2001) reported that renal allografted rats given 1% 
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L-arginine in drinking water had lower renal vascular resistance compared to those without 
supplementation. However, in their studies, L-arginine is very high (1 g L-arginine in 100 ml drinking 
water) compared to the present study (0.348 mg/rats/day). Therefore, other factors rather than L-
arginine may be responsible for renal vasodilation in this study.   

Urinary potassium excretions in Group 3 were slightly higher than Group 2 which was 
consistent to a slight increase in urine flow rate. The slightly higher urine flow rate in Group 3 may be 
due to an increase in GFR after cereal supplementation.  

At 5 weeks after 5/6 nephrectomy, glomeruli in the remnant kidney of both nephrectomized 
groups underwent numerous changes. Glomerular capillary dilation was observed under the light 
microscopic examination. Fusion of foot processes under electron microscopic examination suggested 
podocyte damages. However, glomerular basement membrane detachment was not revealed which was 
in concert with an unaltered urinary protein-creatinine ratio. Since histopathology was performed only 
5 weeks after surgery, changes of glomerular basement membrane may be obscured. The duration after 
nephrectomy may underline the progression of glomerulosclerosis. Previous studies showed that rats 
with the remnant kidney had focal segmental glomerulosclerosis affected only 8% of glomeruli at day 
30, and 24% at day 120 after nephrectomy (Orisio et al., 1993). In young rats, uninephrectomy caused 
more pronounced compensatory hypertrophy of the remnant kidney than in adult, followed by a higher 
incidence of focal and segmental glomerulosclerosis (Okuda et al., 1987). Nagata and Kriz (1992) 
studied processes of glomerular hypertrophy in young Spraque-Dawley rats at 12 and 24 weeks after 
uninephrectomy. They suggested that glomerular hypertrophy contributed to local mesangial 
expansion, capillary dilation and maladaptive changes in podocyte structure. Although changes in 
podocyte structure were detected, no glomerular hypertrophy was observed in the present study.  

Structural alterations in Group 3 included proximal and distal tubular dilation and degeneration 
of some tubular epithelia, which was consistent with the high urinary electrolyte excretion. Although 
glomerular capillary dilation was observed in some glomeruli, shrinkage of some glomeruli was also 
present. It is suggested that various degrees of glomerular alteration had occurred in this model. Round, 
pink, and PAS negative droplets that were found in the glomerular space in all groups of rats could be 
inulin that filtered from plasma. Hyaline droplets, which found in the proximal epithelium of rats from 
all groups, could be protein reabsorbed from the tubular lumen, which was reported previously by 
Confer and Panciera (1995). Electron microscopic examination of all nephrectomized rats showed 
enlargement of endothelial cells that caused narrowing of capillary lumen. Fragmentation of 
endothelial cytoplasm was also observed. These changes suggest that altered endothelial cell 
ultrafiltration function may occur. Round electron-dense droplets that found in podocyte in Group 3 
could be reabsorbed droplets. The mesangial cells in Group 3 appeared normal. These results are 
consistent with the undetectable proteinuria. 

In summary, cereal supplementation increases GFR and ERPF in nephrectomized rats leading 
to a stage of hyperfiltration. Cereal supplementation had no effect on renal structural changes in the 
remnant kidney of 5/6 nephrectomized rats. Further study should be done in a longer term to evaluate 
the effect of cereal supplementation on renal structural changes related to hyperfiltration. The 
component of cereal that is responsible for renal vasodilation should also be further determined.       
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