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Abstract

The present study aims to evaluate the role of the Egyptian pyramids housing on the enhancement of reno-regenerative ability after 
unilateral nephrectomy in rats. Forty two male Wistar rats were assigned equally into three main groups (14 rats for each).The sham-operated 
control (sham group) and unilateral nephrectomized rats (Nx group). Both groups maintained in their home cages for 7 and 14 days. The third 
group(Pyramid housed group) in which Nx rats housed within the wooden pyramid (6 hr/day)for 7 and 14 days. The present study showed 
significant increase in size of the remaining kidney, rate of sodium excretion and marked increase in urea, uric acid and creatinine levels in 
the serum of Nx rats. In addition, significant decrease in renin-angiotensin-aldosterone system was also recorded following nephrectomy for 
7 and 14 days. Pyramid environment reversed the actions of nephrectomy in rats and restored the kidney function near the sham levels. In 
conclusion: The present study recommends using pyramidal shapes for nephrectomized individual’s rooms immediately following the surgery 
and during the recovery periods to avoid kidney impairment as consequence of nephrectomy process.
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Introduction
Chronic kidney disease (CKD) is a public health problem 

associated with considerable morbidity and mortality [1]. 
CKD defined as the presence of kidney damage, manifested by 
abnormal albumin excretion or decreased kidney function that 
quantified by glomerular filtration rate (GFR) measurement 
[2].The patients with reduced renal mass found evidence for 
lower glomerular filtration rate [3]. The impaired GFR in chronic 
kidney disease and the increased filtration load on the remnant 
glomeruli led to the increased excretion of ions and levels of 
creatinine in plasma [4,5]. So, kidney disease is conventionally 
assessed overall renal functions [6]. Chronic renal failure leads 
to progressive and irreversible destruction of nephron mass [7]. 

Nephrectomy may be done because of disease, cancer, injury 
or transplant donation. Nephrectomy is a surgical intervention 
having first been introduced for the treatment of localized 
renal cell carcinoma [8]. Although surgical resection remains 
the standard of care in the treatment of small renal masses, 
nephrectomy is also a recognized risk cause for developing 
CKD [9]. Among the available experimental models for CKD, 
unilateral nephrectomy (UNx) has been a standard experimental  

model to study the progressive renal disease [10,11]. Unilateral  
nephrectomy usually followed compensatory increase in the size 
of the remaining kidney and increases in glomerular filtration 
rate [12].

The renin-angiotensin-aldosterone system (RAAS) regulates 
renal vasomotor activity, maintains optimal salt and water 
homeostasis, and controls tissue growth in the kidney [13]. 
RAAS has been implicated as a key player in the pathogenesis 
of renal diseases [14]. Recently, Kelly et al. [15] provide strong 
evidence for the role of the RAAS in CKD progression. 

The Pyramids of Egypt are one of the world’s most amazing 
achievements which claimed man’s attention and planned 
with mathematical and geometrical precision [16,17]. Pyramid 
research proves evidence that the space within the great 
pyramid generates energy of the electromagnetic spectrum and 
other forms or degrees of the so-called universal energy [18]. 
Models with the same dimensions of the great pyramid of Giza 
are believed to generate, transform and transmit energy when 
aligned on a true north south axis [19]. It has been reported 
that, pyramid models promote greater relaxation, better 
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wound healing in rats, and protection against stress-induced 
neurodegenerative changes in mice [20].

So, the present study aims to evaluate the role of the Egyptian 
pyramids housing on the enhancement of reno-regenerative 
ability after unilateral nephrectomy in rats.

Materials and methods
Pyramid model design and dimensions

A wooden pyramid model of 30 in. height, 45 in. base and 
41.5 sides was fabricated locally and used during the present 
[21]. Holes were drilled on all sidewalls for ventilation. A fixed 
glass window was provided for observation. The 4 sides of the 
pyramid were positioned to face north, south, east and west, 
the corners aligned with north west, south west, north east, and 
south east [22]. The four triangular sides of the pyramid met at 
the apex and rested on the base (Figure 1).

Figure 1: Pyramid model design.

Experimental animals
Forty two healthy male Wistar albino rats (Rattus norvegicus), 

weighing 180-200g, were used. The animals were obtained 
from the National Research Center (NRC), Egypt. Animals were 
grouped and housed in polypropylene cages (five animals per 
cage) in the well ventilated animal house in air conditioned room 
at temperature of 23 ± 2 °C and under natural day and night cycle. 
All of them were feed standard chow pellets and drinking water. 
The rats were kept for a week before the commencement of the 
experiment for acclimatization. The experimental protocol was 
approved by the Institutional Animal Care and Use Committee 
(IACUC) (CUFS/S/PHY/15/14) of Faculty of Science, Cairo 
University, Egypt. 

Unilateral nepherectomy
Unilateral nepherectomy was done according to Chen et al. 

[23]. Rats were anesthetized with sodium pentobarbital (50 
mg/kg body weight; ip). Laparatomy was done under antiseptic 
conditions. A small longitudinal incision was made and the left 
kidney was removed (Nx group) and the abdominal incision 
was closed using a 4-0 silk thread (Figure 2). In sham-operated 
animals, the left kidney was exposed and gently manipulated but 
left intact (sham group). All animals received normal saline of 
equal volume at corresponding time points. During the operation, 
body temperature of the rats was maintained at 36.5 °C to 37.5 

°C. All the rats received 50μl of 0.2% ropivacaine subcutaneously 
for the post-operative analgesia.

Figure 2: Surgery procedures of Nephrectomy.

Experimental design 
Fourty two male Wistar rats were assigned equally into three 

main groups (14 rats for each).The sham-operated control (sham 
group) and unilateral nephrectomized rats (Nx group). Both 
groups maintained in their home cages for 7 and 14 days. The 
third group (Pyramid housed group) in which Nx rats housed 
within the wooden pyramid (6 hr/day) for 7 and 14 days [24]. 

Animals handling 
At the end of each experimental period, the rats were 

transferred to individual metabolic cages for 24 h to collect urine. 
During this time, the rats had free access to water. Animals were 
euthanized under deep anesthesia with sodium pentobarbital 
and sacrificed by cardiac puncture. Blood was collected in 
centrifuge tubes. Right kidney was removed and immediately 
blotted using filter paper to remove traces of blood and weighted 
then suspended in 10% formal saline for fixation preparatory to 
histological processing.

Sample preparation
Urine preparation: The collected urine samples were freed 

from fecal contamination and the urine volume was measured 
by using the measuring cylinder. The urine samples were 
centrifuged for 10 minutes and the urine supernatant was then 
stored at -70 °C until analysis. 

Serum preparation: Blood samples collected in centrifuge 
tubes were centrifuged at 3000 rpm for 20 minutes. Serum, 
stored at -20 °C until for biochemical and hormonal assays.

Determination of electrolytes in urine and serum 
samples

The appropriate kits (Bio-Diagnostic, Dokki, Giza, Egypt) 
were used to the determination of sodium ion by colorimetric 
method according to the method described by Trinder [25]. 
Potassium ion is determined using a colorimetric end point 
method according to the method of Sunderman and Sunderman 
[26]. Calcium was determined by colorimetric method using Bio-
diagnostic kits, according to the method described by Gindelar 
& king [27].
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Determination of renal function in urine and serum 
samples

Total protein was determined by colorimetric method 
using Bio-diagnostic kits, according to the method described 
by Gornal et al. [28]. Urea was determined by urease-Berthelot 
method using Bio-diagnostic kits, according to the method 
described by Fawcett & Soctt [29]. Uric acid was determined 
by enzymatic colorimetric method using Bio-diagnostic kits, 
according to the method described by Barham & Trinder [30]. 
Creatinine was determined by colorimetric method (End Point) 
using Bio-diagnostic kits, according to the method described by 
Schirmeister et al. [31]. Creatinine Clearance was determined 
according to the following equation: 

Creatinine Clearance (ml /min) = mg creatinine /dl urine × ml 
urine / 24 hrs 

 mg creatinine / dl serum × 1440

Hormonal assessment
Plasma levels of renin, angiotensin and aldosterone were 

determined using mouse/rat ELISA kits (Cat# SL0617Ra, 
SL0061Ra and SL0040Ra, respectively, Sunlong Biotech Co. LTD).

Histopathological studies
The fixed kidneys were embedded with paraffin blocks 

and microscopic specimens were sliced, and then subjected to 
hematoxylin and eosin stain according to Banchroft et al. [32] for 
histo-pathological examinations through the light microscope.

Statistical analyses
The data of the present study were analyzed statistically 

according to Shapiro-Wilk and Kolmogorov analysis. All the 
raw data were normally distributed and consequently all the 
statistical analysis done on the bases of the parametric analysis. 
Values were expressed as mean ±SEM. To evaluate differences 
among the groups studied, one way analysis of variance (ANOVA) 
with the Duncan post hoctest was used in comparison of the 
group means and p< 0.05 was considered statistically significant. 
SPSS for Windows (version 15.0) was used to the statistical 
analysis.

Results 
The potency of Egyptian pyramid housing on right 
kidney and urine volume in nephrectomized rats (Nx)

Data recorded in (Figure 3), clearly showing significant 
increase (P<0.05) in the weight of the right kidney in Nx rats 
either housed in the home cage or in the Egyptian pyramid 
model in comparison to sham group following 7 and 14 days of 
nephrectomy, respectively. However, the increase in weight of 
the remaining kidney was more pronounced following housing 
Nx rats in the Egyptian pyramid model. The recorded results 
also revealed significant reduction (P<0.05) in the urine volume 
following nephrectomy. Housing rats for 14 days in the Egyptian 
pyramid model induced marked increase in the urine volume 
(Figure 3).

Figure 3: The Ameliorative potency of the Egyptian pyramid 
housing on weight of right kidney and urine volume in 
nephrectomized rats (Nx). 
Values are means ± SEM (n=7 per group).
a: Significant at (P<0.05 ) as compared to the corresponding 
sham group.
b: Significant at (P<0.05 ) as compared to the corresponding 
home cage group.

The potency of Egyptian pyramid housing on some 
electrolytes in nephrectomized rats (Nx)

Unilateral nephrectomy induced significant (P<0.05) 
increase in the urine sodium and calcium levels concomitant with 
marked decrease of their serum levels in comparison to sham 
group (Figure 4,5). However, housing of Nx rats in the Egyptian 
pyramid for 7 and 14 days induced significant (P<0.05) decrease 
in the urine sodium and calcium levels with increase in their 
serum level in comparison to Nx rats that housed in home cage. 
Levels of urine and serum potassium ions did not significantly 

changed following nephrectomy for 7 and 14 days in comparison to sham groups (Figure 4,5). Housing of nephrectomized rats in the 
Egyptian pyramid for 14 days significantly (P<0.05) increased potassium ions excretion in urine (Figure 4).

Figure 4: The Ameliorative potency of the Egyptian pyramid housing on some urine electrolytes concentrations in nephrectomized rats (Nx). 
Values are means ± SEM (n=7 per group).
a: Significant at (P<0.05) as compared to the corresponding sham group.
b: Significant at (P<0.05) as compared to the corresponding home cage group.
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Figure 5: The Ameliorative potency of the Egyptian pyramid housing on some serum electrolytes concentrations in nephrectomized rats 
(Nx). 
Values are means ± SEM (n=7 per group).
a: Significant at (P<0.05) as compared to the corresponding sham group.
b: Significant at (P<0.05) as compared to the corresponding home cage group.

The potency of Egyptian pyramid housing on urine 
and serum kidney functions in nephrectomized rats 
(Nx)

Table1 demonstrated marked increase in protein uria with 
concomitant significant decrease (P<0.05) in total protein level 
in the serum in home cage Nx group in comparison to sham 
group. The obtained data also showed marked decrease in the 
levels of urine urea, uric acid and creatinine in home cage Nx rats 

as compared to sham group (Table 1) (Figure 6). On the other 
hand, their levels increased significantly in the serum(P<0.05) 
of home cage Nx rats. However, housing of rats in the Egyptian 
pyramids for 7 and 14 days significantly (P<0.05) ameliorate 
these effects and restore their levels towards the control values 
(Table 1) (Figure 6). Creatinine clearance increased significantly 
(P<0.05) after nephrectomy for 14 days (Figure 7). However, 
housing of Nx rats in the Egyptian pyramid for 7 and 14 days 
induced significant increase in creatinine clearance (Figure 7).

Table 1: The Ameliorative potencyof the Egyptian pyramid housing on urine and serum kidney functions in nephrectomized rats (Nx)

Parameter
Time periods

(Days)
Sham

Nx

Home cage Pyramid

Protein

(g/dl)

7
Urine 4.03±0.43 5.96±0.82 4.69±0.71

Serum 7.05±0.64 5.27±0.24a 6.89±0.27b

14
Urine 3.98±0.06 5.20±0.50a 4.33±0.45

Serum 7.00±0.23 5.24±0.12a 8.26±0.60b

Urea

(mg/dl)

7
Urine 9.87±1.35 7.80±0.75 10.20±0.89

Serum 4.21±0.41 7.30±0.30a 6.53±0.59b

14
Urine 16.73±0.06 8.67±0.26a 10.77±0.75b

Serum 3.30±0.38 6.95±0.15a 5.34±0.28b

Uric acid

(mg/dl)

7
Urine 119.60±8.14 116.00±9.12 124.80±8.14

Serum 5.37±0.25 7.84±0.64a 6.00±0.33b

14
Urine 120.00±15.49 117.14±3.64a 127.14±4.16b

Serum 5.32±0.25 7.34±0.07a 5.06±0.54b

Values are means ± SEM (n=7 per group).  

a:  Significant at (p<0.05 ) as compared to the corresponding sham group

b: Significant at (p<0.05 ) as compared to the corresponding home cage group.   

Figure 6: The Ameliorative potency of the Egyptian pyramid housing on urine and serum creatinine levels in nephrectomized rats (Nx). 
Values are means ± SEM (n=7 per group).
a: Significant at (P<0.05) as compared to the corresponding sham group.
b: Significant at (P<0.05) as compared to the corresponding home cage group.



How to cite this article: Sohair R F, Khadiga G, Dawlat A S, Huda N. Egyptian Pyramid Model Housing Enhancing the Compensatory Renal Growth in 
Nephrectomized Rats. J Complement Med Alt Healthcare. 2016; 1(1): 555553.005

Journal of Complementary Medicine & Alternative Healthcare

Figure 7: The Ameliorative potency of the Egyptian pyramid 
housing on creatinine clearance in nephrectomized rats (Nx). 
Values are means ± SEM (n=7 per group).
a: Significant at (P<0.05) as compared to the corresponding 
sham group.
b: Significant at (P<0.05) as compared to the corresponding 
home cage group.

The potency of Egyptian pyramid housing on reinin, 
angiotensin and aldosterone in nephrectomized rats 
(Nx)

Data illustrated in Table 2 showed significant decrease in the 
levels of serum reinin, angiotensin and aldosterone following 
unilateral nephrectomy in rats in comparison to sham group. 
Levels of the studied hormones significantly increased after 
housing Nx rats in the Egyptian pyramid for 7 and 14 days. 

Table 2: The Ameliorative potency of the Egyptian pyramid housing 
on rennin, angiotensin and aldosterone levels in nephrectomized rats 
(Nx)

Hormones

(mmol/l)

Time  
periods 
(D ays)

Sham
Nx

Home Cage Pyramid

Renin
7 71.01±2.96 62.80±0.95a 77.35±2.30b

14 52.35±5.62 46.01±0.66a 55.21±2.10b

Angio-tensin
7 158.44±5.04 113.76±3.96a 144.59±9.02b

14 157.92±10.13 119.46±2.04a 137.16±1.15b

Aldos-terone
7 143.12±3.04 105.98±2.33a 151.49±7.34b

14 141.83±8.57 133.94±12.45a 173.12±14.68b

Values are means ± SEM (n=7 per group).  

a:  Significant at (p<0.05 ) as compared to the corresponding sham 
group.

b: Significant at (p<0.05 ) as compared to the corresponding home 
cage group.  

The potency of Egyptian pyramid housing on 
histological alteration in nephrectomized rats (Nx)

Microscopic examination of kidney in sham groups (Figure 
8A& 8B) showed normal appearance of the tissue where, 
glomeruli appear enclosed in the outer layer of Bowman capsules 
as dense tufts of capillaries. Dilated glomeruli were observed in 
nephrectomized groups either underwent nephrectomy for 7 
or 14 days in comparison to their corresponding sham group 
(Figure 8C& 8D). Housing of Nx rats for 7 and 14 days in the 
Egyptian pyramid model caused slightly tubular dilatation and 
failed to return the normal architecture of kidney tissues in 
comparison to their corresponding Nx group that housed in their 
home cages (Figure 8E& 8F). 

Figure 8: Histological study of hematoxylin& eosin stained 
kidney sections (400 ×) of sham rats (A, B), rats underwent 
nephrectomy for 7 days and housed inside their home cages (C), 
rats underwent nephrectomy for 14 daysand housed inside their 
home cages (D), rats underwent nephrectomy and housed inside 
the Egyptian pyramid model for 7 days (E) and rats underwent 
nephrectomy and housed inside the Egyptian pyramid model for 
14 days (F). G: glomerulus, BC: Bowman’s capsule, T: tubules.

Discussion
Chronic kidney disease (CKD) is a worldwide health threat 

associated with increased cardiovascular disease and mortality 
[33]. Ironically, although nephrectomy remains the standard of 
care in the treatment of small renal masses, it is also a recognized 
risk factor for developing CKD [9]. The present study searches for 
developing new strategy when applying unilateral nephrectomy 
in rats to avoid kidney injury. Research using Egyptian pyramids 
models have been shown that it promote greater relaxation 
and enhance tranquility in animals [19,20]. So, the present 
investigation postulated that housing of nephrectomized 
rats (Nx) in a model of the Egyptian pyramid can help in the 
compensatory power of the remaining kidney.

Compensatory renal growth is a process of adaptation of the 
remaining kidney to the increased functional demand following 
unilateral nephrectomy (UNx). Following UNx the remaining 
kidney increases in size in response to hyper filtration and begins 
to compensate for its missing partner [34,35]. In conjunction 
with the reports of Morganand Ibrahim [36]; Gava et al. [5]; 
and Mjøen et al. [37], the present study recorded significant 
increase in the weight of right kidney following UNx in rats that 
may be interpreted as a compensatory response to the increased 
glomerular perfusion. These findings are supported by the 
histo-pathological investigation that showed marked dilatation 
of glomerulus and increase in Bowman space of the remnant 
kidney, compared with sham group. This increase was associated 
with enlargement and hypertrophy of the remaining kidney [38].

During diagnosis of kidney injury, the patient’s electrolytes 
should be examined for secondary consequences of renal 
disease. The concentration of Na + and K + electrolytes in the 
extracellular fluid is maintained by the transport mechanisms 
occurring across the cell membranes and by the kidneys [39]. 
In agreement with the finding of Allison et al. [40], Gava et al. 
[5]; Bhadranna and Ahmed [41,42], the present study recorded 
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significant rise in the rate of sodium excretion in Nx rats. This 
increase may be attributed to a decrease in the tubular sodium 
re-absorption. Diezi et al. [43], have also reported a decline in 
the fractional sodium reabsorption in proximal tubules and 
they convey it to glomerular imbalance, acting across proximal 
tubule. The decline in sodium re-absorption in proximal tubules 
in the present study can be confirmed by recorded decrease in 
its concentration in the serum. The concentrations of K+ in urine 
and serum of Nx rats remained almost constant in comparison to 
sham control values. Similar studies reported earlier by Schultze 
et al. [44]; Bank and Aynedjian [45] and Bhadranna & Ahmed 
[41,42]. Housing of Nx rats in the Egyptian pyramids enhance 
electrolytes levels in urine and serum suggesting its role in 
homeostasis in the body of Nx rats. 

During the progression of the renal disease, loss of kidney 
function is accompanied by failing organ function leading to 
accumulation of a series of compounds [46]. Urea and creatinine 
are bio-indicators of the renal func¬tion [47], and the underlying 
presence of component(s) of the metabolic syndrome [48]. In 
consistent with the findings of Arya et al. [49]; Orsić et al. [50] and 
Gava et al. [5], the present investigation showed marked increase 
in urea, uric acid and creatinine levels in the serum of Nx rats. 
The elevation of the serum urea and creatinine concentrations 
following nephrectomy indicates a diminished impaired ability 
of the kidneys to filter these waste products from the blood and 
excrete them in urine. The present investigation showed the 
ameliorative efficacy of the Egyptian pyramid that may offer 
a suitable environment for healing mechanism restoring the 
kidney structure and function. 

Determination of glomerular Filtration Rate (GFR) is almost 
the important parameter that could assess renal function. 
Glomerular filtration is the first step in urine formation and 
the GFR is about 20% of renal plasma flow. After removal of the 
renal tissue, GFR of the remaining kidney need to be increased 
to maintain fluid and electrolyte balance, through adjustments 
in vasomotor control of the microvasculature [51]. The renal 
clearance of endogenous creatinine is widely used to assess GFR 
and renal function in animal investigations [52]. In conjunction 
with the reports of Bohlouli et al. [53] and Chapman et al. [3], 
the present study revealed significant increase in creatinine 
clearance following unilateral nephrectomy in rats. Mueller & 
Luyckx [54] reported increase in GFR by 60%-70% following 
uni-nephrectomy in the remaining kidney.

Renin-angiotensin system (RAS) plays a key role in the 
regulation of renal function, volume of extracellular fluid and 
blood pressure [55]. Studies indicate that an appropriate 
interaction between tubule glomerular feedback (TGF) and 
the renin-angiotensin system is essential for body fluid and 
electrolyte homeostasis [56]. The TGF feedback is a negative-
feedback system operating within the juxtaglomerular apparatus 
that can regulate GFR by changing arteriolar resistance and 

hence blood flow and pressure into the glomerular capillaries. 
Renin is the rate-limiting step in the activation of the renin-
angiotensin system, a key modulator of body fluid homeostasis 
[57]. In rats, TGF activation suppresses renin secretion and 
resets TGF rightward to accommodate increased late proximal 
flow [58]. Activation of the TGF system will begin afferent 
arteriolar vasoconstriction [59]. In accord with Chapman et al. 
[3], the present study showed increase in GFR in the remaining 
renal tissue following the nephrectomy as consequence of TGF 
system activation that allowing higher early distal flow rates.

Angiotensin II, as a major vasoactive agent, is responsible for 
physiological as well as pathophysiological effects of RAS [60]. 
Following nephrectomy, plasma volume will expand because 
of the decrease in renal excretory function [3]. Consequently, 
angiotensin II formation is diminished, that will attenuate 
afferent arteriole tone allowing an increase in glomerular 
pressure and filtration [3]. This mechanism can be evident in 
the present investigation from the significant decrease in urine 
volume with concomitant decline in angiotensin in Nx rats. 
Moreover, an increase or decrease in Na+, Cl−, and K+ uptake 
elicits inverse changes in GFR by altering the vascular tone, 
predominantly of the afferent arteriole [61]. The present study 
recorded significant decrease in Na+ uptake that may be promote 
marked increment in the GFR following nephrectomy in rats. 

Pyramid environment effectively antagonized the renal 
dysfunction following nephrectomy in the present study. Research 
on Egyptian pyramids reveals some evidence that the space 
within the great pyramid generate energy of electromagnetic 
radiations [62]. The present study showed that housing of Nx rats 
in the Egyptian pyramid model induced significant increase in 
GRF in comparison to sham and Nx rats. This increase suggested 
predominantly hemodynamic response and more efficient hyper 
filtration [35,54]. It also appears that the energy field developed 
within the pyramid may increase the GFR by increase in the 
renal blood flow that stimulate renin production and enhance 
RAS system that increasing sodium reuptake. Razumov et al. 
[63] reported that electromagnetic waves induced a marked 
hemodynamic action in kidney via stimulation of the circulation 
of the intermediary zone with an effect of redistribution of the 
intra-renal blood flow. 

Conclusion
In conclusion, pyramid environment reversed the actions of 

nephrectomy in rats and restored the kidney dysfunction near 
the sham levels. The present study recommends using pyramidal 
shapes for nephrectomized patient’s rooms immediately 
following the surgery and during the recovery periods to avoid 
kidney impairment as consequence of nephrectomy process.
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