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ABSTRACT 

 
The kidney is one of the organs that are highly susceptible to age-related tissue 
damage. Several human and animal studies show decline in renal function with age. 
We examined the effect of endothelin-1 on age-related changes on renal function and 
whether this effect is mediated by ET-1 receptor types A or B. Also, we investigated 
the hemodynamic response to ET-1 and ET-1 receptor antagonist. Two age groups of 
male rats were used: young (4–5 months) and old (19–20 months). Each group was 
subdivided into four subgroups in which hemodynamic and renal function data were 
measured after administration of saline (control group), acute intravenous injection 
of endothelin-1 (ET-1 group), administration of  BQ-123, ETA receptor antagonist, 20 
minutes before ET-1 (ETA antagonist group) and administration of BQ-788, ETB 
receptor antagonist, 20 minutes before ET-1(ETB antagonist group). We found that 
aging is associated with elevated mean arterial blood pressure and reduced renal 
function data. ET-1 injection resulted in more pressor response in old rats and more 
reduction of renal function data in young rats. Pretreatment with BQ-123 improved 
renal function with more augmentation in old rats while BQ-788 pretreatment has no 
effect on renal function. These results indicated that ET-1 and ET-1A receptor play a 
crucial role in age-related change in renal function.  
 

INTRODUCTION 
 

Aging is a planned biological 
process controlled by genes 
successively toggled on or off signals 
to the nervous, endocrine and immune 
systems. In most species aging is 
associated with defective adaptive and 
homeostatic mechanisms that make 
the individual vulnerable to 
environmental or internal stress 
followed by increasing disease and 
death rates(1,2,3). Aging resulted in 
significant changes in renal anatomy 
and function, both in animal models 
and in humans(4,5). Aging is coupled 

with progressive declines in 
glomerular filtration rate (GFR) and 
renal blood flow (RBF)(3,6), distorted 
creatinine tubular handling, reduced 
sodium reabsorption and potassium 
secretion and diminished renal 
reserve(7). The mechanisms of these 
renal functional and structural changes 
with aging are under investigation. 

Several mechanisms have been 
identified for injury in the aging 
kidney. Changes in the activity and/or 
responsiveness to vasoactive 
substances plays a part, with a 
tendency toward increased sensitivity 
to vasoconstrictor stimuli and 
decreased vasodilatory capacity(6). 
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Most importantly changes in the 
activity of the renin-angiotensin and 
nitric oxide systems(3,6). These renal 
physiological changes resulted in 
diverse abnormalities in fluid and 
electrolytes homeostasis(8); enhance 
the risk of volume depletion and 
prerenal acute renal failure(9), in 
addition to progressive chronic renal 
disease(3,6). The resultant decline in 
renal function confines general health 
and life expectancy and in sequence 
may implicate on cardiovascular and 
metabolic disorders (10). 

Endothelin-1 (ET-1), an 
endothelial derived 21-amino acid 
peptide, is the most predominant 
isoform of the endothelin peptide 
family, which also includes 
endothelin-2 and endothelin-3(11,12). 
ET-1 is produced by the majority cell 
types in the kidney, including 
glomerular endothelial cells, 
mesangial cells and epithelial cells(13). 
ET-1 mediates its effect via two 
receptors, A (ETA) and B (ETB). ETB 
receptors protect the kidney against 
ETA receptor dependent 
vasoconstriction, cell proliferation, 
matrix accumulation and 
inflammation(14). ETB receptors have a 
principal role in clearance of 
circulating ET-1, which occurs mostly 
in the lungs and the kidneys(15). ET-1 
has a crucial role in regulation of renal 
function; it reduces RBF and GFR(16). 
Moreover, it has a vital role in the 
pathogenesis of diabetic renal injury 
and arterial hypertension. Blocking of 
endothelin receptor seems to be 
efficient in renal therapy (11).  Aging is 
associated with increased ET-1 levels 
in plasma (mRNA and protein) 
together with changed ETA to ETB 
ratio (17). 

The present study hypothesized 
that ET-1 may contribute to renal 
aging and this is mediated by 
alteration of receptor response. We 
examined the effect of endothelin-1 
on renal function during physiological 
aging process in male rat and whether 
this effect is mediated by ETA or ETB 
receptors. Also, we investigate the 
hemodynamic response to ET-1 
before and after administration of ETA 
and ETB receptor antagonist. 
Materials and methods: 
Animals: 
In this study 48 White Albino male 
rats were used. The rats were obtained 
from animal house of Faculty of 
Medicine, Assiut University, Egypt. 
They were maintained under normal 
conditions at room temperature and 
natural photoperiod, adequately fed 
and provided with sufficient fresh 
water available all the time by 
stainless steel nipples.  
All experimental protocols followed 
the guidelines of the Animal 
Committee of the Faculty of Medicine 
of Assiut University and were in 
accordance with the recommendations 
in the ARRIVE guidelines in the care 
and use of experimental animals. The 
researchers concerned in this study 
have paid particular efforts to 
minimize the number of animals used 
and their suffering. 
The rats are divided into the following 
groups: group I: young rats (age 4–5 
months, n: 24) and group II: old rats 
(age 19–20 months, n: 24). Each 
group was subdivided into the 
following subgroups: 
 Subgroup a (Control group): in 

which hemodynamic and renal 
function data [GFR, RPF and 
urinary sodium (UNa+V) and 
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potassium (UK+V) were measured in 
the rats after administration of 
saline. 

 Subgroup b (ET-1 group): in 
which hemodynamic and renal 
function data were measured in the 
rats after acute intravenous (i.v.) 
injection of endothelin-1 (1 nmol/kg 
body weight) dissolved in normal 
saline (18). 

 Subgroup c (ETA antagonist 
group): in which BQ-123, an ETA 
receptor antagonist, dissolved in 
distilled water and administrated 
intravenously in a dose of 0.25 
mg/kg body weight 20 minutes 
before administration of ET -1(19). 
Then, hemodynamic and renal 
function data were measured. 

 Subgroup d (ETB antagonist): in 
which BQ-788, an ETB receptor 
antagonist, dissolved in distilled 
water and administrated 
intravenously in a dose of 1 mg/kg 
body weight 20 minutes before 
administration of ET-1(19). Then, 
hemodynamic and renal function 
data were measured. 

Before the experiment, rats were 
starved for at least 12 h, but water was 
given ad libitum. Rats were 
anesthetized by an intraperitoneal 
injection of urethane (600 mg/kg, 
Sigma-Aldrich, Inc., St Louis, MO, 
USA) and were kept under anesthesia 
through the experimental period. The 
trachea was exposed and intubated 
with a short cannula to facilitate 
ventilation. Left common carotid 
artery was exposed over a midline 
incision and a dissection was made 
between the sternocleidomastoid and 
the sternohyoid muscles, parallel to 
the trachea. Catheter filled with 
heparin-saline solution (100 U/ml) 

was placed into the left common 
carotid artery for mean arterial blood 
pressure (MABP) measurement and 
periodic sampling of blood. The right 
jugular vein was cannulated for 
infusion. Throughout the study, blood 
pressure and heart rate were 
monitored via an arterial catheter 
connected to a blood pressure 
transducer (Harvard App LTD) and 
attached to universal oscillograph.  

A catheter was placed in the 
urinary bladder to collect urine 
samples. A ventral suprapubic 
incision was made. The abdominal 
muscles were carefully separated 
using blunt forceps and cotton swabs. 
The bladder was exteriorized and a 
small incision was made into the 
dome of the bladder. Then, the end of 
the catheter was carefully placed into 
the urinary bladder. A 4-O suture was 
placed around the catheter and the 
bladder to secure the catheter into the 
bladder. A 4-O suture was used to 
close the abdominal muscle and skin 
around the catheter. After placement 
of the bladder catheter, the end of the 
catheter extrudes from the lower 
abdomen. This end is closed with 
artery forceps. This allows the rat to 
normal urinate until the time that the 
artery forceps is removed.  
Measurement of the renal 
hemodynamic:  

The best and most common 
parameter for evaluating the renal 
function is measurement of 
glomerular filtration rate and renal 
plasma flow(20) and they are 
traditionally measured by inulin and 
p-aminohippuric acid (PHA) 
clearance, respectively. The procedure 
follows that of Gabel et al.(18). Briefly, 
each rat was given an intravenous 
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(i.v.) bolus (2 ml/kg) of the 
inulin/PAH solution, followed by an 
i.v. infusion (25 µl/min) of the 
inulin/PAH solution via an infusion 
pump. The inulin/PAH solution 
contained 3% inulin and 2% PAH in 
saline. Inulin (1.5 g) and PAH (5 ml 
of 20% solution) were added to 45 ml 
of saline to get the final infusion 
concentrations. The infusion was 
maintained for 1 h prior to the start of 
the baseline clearance periods. ET-l 
was prepared at a concentration of 1 
nmol/ml in saline and given as an i.v. 
bolus at 1 nmol/kg for a dose volume 
of 1 ml/kg. Vehicle-treated rats were 
given an i.v. bolus of saline at a 
volume of 1 ml/kg. 
Analytical methods: 
Inulin assay: 

Measurement of inulin in urine 
and plasma was determined by the 
method of Gabel et al.(18). This 
method is based on hydrolysis of 
inulin to fructose by inulinase. Then, 
fructose by sorbitol dehydrogenase 
(SDH) was converted to sorbitol with 
utilization of nicotinamide adenine 
dinucleotide (NADH). The amount of 
NADH utilized was proportional to 
the amount of inulin initially present 
in the sample. The amount of NADH 
utilized was measured before and after 
incubation with SDH by 
spectrophotometer. 

The urine samples were pre-
diluted 1:200 with saline and 
heparinized plasma samples were used 
without dilution. Plasma and urine 
samples (15 µ1 each) were mixed 
with 260 µ1 of inulinase reagent (0.11 
U/ml). The samples were then 
incubated at 37 °C for 10 min. 
Following incubation, 400 µl of the 
SDH/NADH reagent was added to 

each sample. The samples were then 
incubated again at 37 °C for 20 min. 
Following incubation, the absorption 
of each sample was determined at 340 
nm. 
Assay calibration was done by using 
20 mg/dl of inulin in 60 g/l bovine 
serum albumin (BSA) for plasma 
samples and in normal saline for 
urine. The value for the endogenous 
fructose was then subtracted from 
each plasma sample value. 
PAH assay:  

PAH was determined by a 
calorimetric reaction with 
dimethylaminocinnamaldehyde 
(DACA) solution in low pH by the 
method of Gabel et al.(18). The 
intensity of color generated was 
proportional to the amount of PAH 
present in the sample which is 
measured by spectrophotometer. 
Briefly, rat urine samples were diluted 
1:40, and heparinized plasma samples 
were used without dilution. 
Determination of PAH was done by a 
calorimetric reaction between PAH 
and 2 mg/dl DACA in 2 mol/dl 
hydrochloric acid (HCL). The 
intensity of the color was measured at 
546 nm after 5 min of incubation at 
37°C.  
Assay calibration was done by using 5 
mg/dl of PAH solution in 60 g/l BSA 
for plasma samples and 100 mg/dl of 
PAH solution in saline for urine 
samples.  
Urinary sodium and potassium 
concentrations were determined by 
flame photometer.  
Chemicals and reagents: 

Inulin (from Dahlia tubers) and 
PAH were purchased from Acros 
Organics (New Jersey, USA) as 
powder form (CAS: 9005-80-5, Lot: 
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A0245624 and CAS: 200-518-9, Lot: 
A0235503, respectively). Inulinase 
(Novozym) was purchased from 
Sigma Chemical Co. (St. Louis, MO) 
as aqueous glycerol solution (CAS: 
9025-67-6, Lot: 019M2195V). The 
stock solution was diluted 1:100 with 
10 mmol/l sodium phosphate (pH 5.0) 
for use in the assay. SDH was 
purchased from Sigma Chemical Co. 
(St. Louis, MO) as lyophilized form 
(CAS: 9028-21-1, Lot: 091K1047V). 
SDH reagent was prepared by 
dissolving 10 mg of SDH in 10 ml of 
deionized water (40 U/ml). NADH 
was purchased from Sigma Chemical 
Co. (St. Louis, MO) as solution (CAS: 
104809-32-7, Lot: 192M7523V). 
NADH solution was prepared by 
dissolving 5 mg of NADH in 10 ml of 
phosphate buffered saline pH 7.6 (0.5 
mg/ml). After the SDH and NADH 
solutions were prepared, they were 
mixed in equal amounts and used as 
one reagent.  

Endothelin-1 was purchased from 
Sigma Chemical Co. (St. Louis, MO) 
as powder form (CAS: 117399-94-7, 
Lot: 129K4851). BQ-123 was 
purchased from Sigma Chemical Co. 
(St. Louis, MO) as lyophilized powder 
form (CAS: 136553-81-6, Lot: 
355M132V). BQ-788 was purchased 
from Sigma Chemical Co. (St. Louis, 
MO) as powder form (CAS: 156161-
89-6, Lot: 021M1442V). 
Calculations: 

The clearances of PAH and inulin 
were calculated by using standard 
formulas; CIN and CPAH were used to 
approximate GFR and RPF, 

respectively. These formulas were as 
follows: CIN (ml/min) = UIN x V/PIN, 
CPAH (ml/min) = UPAH x V/PPAH, 
where UIN, PIN, UPAH, and PPAH are the 
concentration of inulin and PAH in 
urine and plasma, respectively, and V 
is the urine volume.  
Statistical analysis: 

All values are expressed as means 
± standard error of the mean (SE) for 
n observations. The difference among 
groups was analyzed by using a 
Mann-Whitney test. Differences were 
considered significant at P < 0.05.  
 

RESULTS 
 
Basal hemodynamic and renal 
function data in the control 
anesthetized young and old rats: 

Basal MABP was significantly 
higher in old rats than that of young 
rat (137 ± 4 mmHg versus 114 ± 4 
mmHg, p < 0.001). While, basal HR 
did not show significant difference 
between young and old rats (367 ± 9 
beat/min versus 386 ± 14 beat/min, 
respectively). Fig. 1. showed basal 
GFR, RPF and UK+V were 
significantly higher in young than old 
rats (1.01 ± 0.07 ml/min versus 0.52 ± 
0.05 ml/min, p < 0.01, 4.03 ± 0.15 
ml/min versus 1.45 ± 0.06 ml/min, p < 
0.01 and 27.14 ± 0.72 µEq/min versus 
14.77 ± 0.60 µEq/min, p < 0.01, 
respectively). While, basal UNa+V was 
significantly lower in young than old 
rats (1.29 ± 0.07 µEq/min versus 3.12 
± 0.16 µEq/min, p < 0.01). 
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Figure 1. Basal renal function data 
[glomerular filtration rate (GFR), 
renal plasma flow (RPF), urinary 
potassium excretion (UK+V)) and 
urinary sodium excretion (UNa+V)] in 
the control anesthetized young and old 
rats. Bars represent mean ± SE, ** 
p < 0.01. 
 
 
 
Effect of acute intravenous 
administration of ET-1 on 
hemodynamic and renal function 
data in the anesthetized young and 
old rats: 

Acute intravenous administration 
of ET-1 produced a biphasic response 
characterized by a transient depressor 
response followed by a sustained 
pressor phase in both young and old 
rat. The depressor response was not 
significantly different between young 
and old rat (26 ± 4 mm Hg versus 21 
± 2 mmHg). However, the pressor 
response was significantly higher in 
old rat compared to young rat (45 ± 3 
mm Hg versus 30±2 mmHg, p<0.001) 
(Fig. 2A, B). Acute intravenous 
administration of ET-1 reduced GFR, 
RPF, UNa+V and UK+V in both young 
and old rat compared to the control 

level, however, the reduction was 
more in young than in old rats (Fig. 
3A,3B and Table 1). 
 

A         
 

B  
Figure 2. Representative recording of 
the effect of acute intravenous 
administration of endothelin-1 (ET-1) 
on arterial blood pressure (ABP) in 
anesthetized young (A) and old (B) 
rats. Arrow referred to administration 
of ET-1. 
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A   B  
Figure 3. Effect of acute intravenous administration of endothelin-1 (ET-1) on 
glomerular filtration rate (GFR), renal plasma flow (RPF) (A) and urinary potassium 
excretion (UK+V)) and urinary sodium excretion (UNa+V) (B) in the anesthetized 
young and old rats. Bars represent mean ± SE, **: p < 0.01 compared to the young 
rat, ‡: p < 0.05 and ‡‡: p < 0.01 compared to the basal level. 
 
 
Table 1. Effect of endothelin-1 and endothelin-1 receptor antagonist on renal 
hemodynamic in young and old anesthetized rat 

Age Group GFR (ml/min) RPF (ml/min) UNa+V 
(µEq/min) 

UK+V(µEq/min) 

Young 
rat 

Control 1.01 ± 0.07 4.03 ± 0.15 1.29 ± 0.07 27.14 ± 0.72 

ET-1 0.51 ± 0.05‡‡ 2.30 ± 0.32‡‡ 0.78 ± 0.07‡‡ 22.18 ± 0.74‡‡ 
BQ-123 
pretreatment 

0.79 ± 0.08† 3.27 ± 0.28† 1.10 ± 0.13† 24.51 ± 0.43† 

BQ-788 
pretreatment 

0.57 ± 0.04 2.34 ± 0.33 2.12 ± 0.24 22.66 ± 0.99 

Old rat Control 0.52 ± 0.05** 1.45 ± 0.06 ** 3.12 ± 0.16** 14.77 ± 0.60** 

ET-1 0.40 ± 0.01‡  1.01 ± 0.10‡ 2.39 ± 0.20‡ 12.40 ± 0.40‡ 

BQ-123 
pretreatment 

0.52 ± 0.03†† 1.39 ± 0.04† 0.98 ± 0.02†† 14.07 ± 0.44†† 

BQ-788 
pretreatment 

0.07 ± 0.06 0.79 ± 0.07 0.71 ± 0.06 11.25 ±  0.47 

 
All data were presented as mean ± SE (standard error). ET-1: endothelin-1, BQ-123: 
ET-1 receptor A antagonist, BQ-788: ET-1 receptor B antagonist, GFR: glomerular 
filtration rate, RPF: renal plasma flow, UNa+V: urinary sodium excretion, UK+V: 
urinary potassium excretion. **: p<0.01 compared to young rats, ‡: p < 0.05, ‡‡: 
p<0.01 compared to the control level, †: p < 0.05, ††: p < 0.01 compared to the effect 
of endothelin-1 administration. 
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Effect of BQ-123 pretreatment on 
hemodynamic and renal function 
data in the anesthetized young and 
old rats: 

Pretreatment with the selective 
ETA receptor antagonist (BQ-123), 20 
minutes before ET-1 administration, 
did not affect the ET-1–induced 
depressor response but significantly 
reduced its pressor effect in young rats 
(from 30 ± 2 to 15± 2 mm Hg, 
p<0.001). In old rats pretreatment 

with the BQ-123 produced more 
prolonged significant depressor 
response and abolished the pressor 
response (Fig. 4A, 4B). Pretreatment 
with the BQ-123 produced significant 
increased GFR, RPF and UK+V in 
young and old rats in comparison with 
ET-1 administration with more 
increase in old rats. While, UNa+V 
significantly reduced (Fig. 5A, 5B and 
Table 1). 

 

A    B  
Figure 4. Representative recording of the effect of BQ-123 pretreatment on arterial 
blood pressure (ABP) in anesthetized young (A) and old (B) rats. Arrow referred to 
administration of ET-1. 

A   B  
Figure 5. Effect of BQ-123 pretreatment on glomerular filtration rate (GFR), renal 
plasma flow (RPF) (A) and urinary potassium excretion (UK+V)) and urinary sodium 
excretion (UNa+V) (B) in the anesthetized young and old rats. Bars represent 
mean ± SE, †: p<0.05 and ††: p < 0.01 compared to the endothelin-1 (ET-1) injection. 
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Effect of BQ-788 pretreatment on 
hemodynamic and renal function 
data in the anesthetized young and 
old rats: 
Pretreatment with the selective ETB 
receptor antagonist (BQ-788), 20 
minutes before ET-1 administration, 
abolished the initial depressor 
response of ET-1 and the pressor 
response was not reduced significantly 
from 30 ± 2 mmHg to 22 ± 3 mmHg 

in young rat. While, in old rats the 
pressor response was potentiated by 
pretreatment with BQ-788 from 45 ± 
3 mm Hg to 60 ± 5, p< 0.01 (Fig.6A, 
6B). Pretreatment with the BQ-788 
produced no significant change in 
GFR, RPF, UNa+V and UK+V in young 
and old rats in comparison with ET-1 
administration (Fig. 7A, 7B and Table 
1).

 
 

A  B  
Figure 6. Representative recording of the effect of BQ-788 pretreatment on arterial 
blood pressure (ABP) in anesthetized young (A) and old (B) rats. Arrow referred to 
administration of ET-1. 
 

A  B  
Figure 7. Effect of BQ-788 pretreatment on glomerular filtration rate (GFR), renal 
plasma flow (RPF) (A) and urinary potassium excretion (UK+V)) and urinary sodium 
excretion (UNa+V) (B) in the anesthetized young and old rats. Bars represent 
mean ± SE. 
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DISCUSSION 
 

Several studies demonstrated an 
age-related increase in the circulating 
levels of ET-1(21,22) and enhanced ET-
1 vasoconstrictor tone(23). Recently, 
Goel et al.(24) reported an increased 
exocytotic release of ET-1 by aged 
endothelium. However, the 
pathophysiological consequence of 
this elevated level on renal function is 
unclear. The current study highlighted 
the contribution of ET-1 in reduction 
of renal function with aging. The most 
direct evidence was that ETA receptor 
inhibition with BQ-123 restored the 
age-related impairment in renal 
function. 

The present study revealed that 
MABP was elevated in old rats than 
young rats. This result coincided with 
the result of Greenfeld et al.(25). Other 
studies reported that old rats develop 
isolated systolic hypertension with 
advancing age(10,26). Contrary to our 
result, other studies reported no 
difference in blood pressure with 
aging(27,28,29). The mechanisms of this 
age-associated effect are beyond the 
scope of the current study. 

The kidney is highly susceptible 
to the age-related damage and this 
affects general health and life 
expectancy(10,29,30). Our result 
demonstrated that advancing age 
resulted in reduction in renal function 
data, as expressed by remarkable 
decrease in GFR, RPF and UK+V. 
Whereas, UNa+V was higher in old 
rats. These results are concomitant 
with those of Baynes and Murray (31) 
and Starr and Deary(32) who reported 
progressive decline of renal function 
with aging. Earlier studies showed an 

increase in the rates of impairment of 
GFR in old healthy individuals(33,34,35). 
Greenfeld et al.(25) reported that the 
middle-aged rats had significantly 
higher GFR and RPF relative to the 
old group. Musso and Oreopoulos(7) 
demonstrated increased urinary Na+ 
output and reduced urinary K+ 
excretion in old people. They claimed 
this result to reduced sodium 
reabsorption and decreased basal 
plasma concentrations of renin and 
aldosterone, and the response to their 
stimuli in old age. Contrary to our 
result, Silva et al.(30) found that aging 
had no effect on urinary Na+ excretion 
while urinary K+ excretion was 
increased. 

The current study showed that 
acute intravenous administration of 
ET-1 resulted in biphasic response of 
MABP with initial depressor response 
followed by pressor response in both 
young and old rat. The pressor 
response was significantly higher in 
old rat compared to young rat. This 
result is concomitant with those of 
Matsuura et al.(36) and Aleksandra et 
al.(37) who revealed that injection of 
ET-1 into anaesthetized rats resulted 
in an initial transient hypotensive 
response, followed by a sustained 
hypertensive response. This response 
explained by Stauffer et al. (38) who 
claimed that ET-1 exerts two opposite 
effects on blood vessel by two ET 
receptor subtypes (ETA and ETB 
receptors). ETB receptors are located 
on both vascular smooth muscle and 
endothelial cells and its activation 
results in NO-mediated vasodilatation. 
While, ETA receptors are located only 
on vascular smooth muscle cells and 
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its activation causes contraction and 
subsequent vasoconstriction. 

Injection of ET-1 reduced GFR, 
RPF, UNa+V and UK+V in both young 
and old rat compared to the control 
level, however, the reduction was 
more in young than in old rats. In 
accordance with our results, it was 
reported that ET-1 administration 
resulted in decreased GFR, RBF and 
urinary sodium excretion (25).  

Pretreatment with BQ-123 did not 
affect the ET-1–induced depressor 
response but significantly reduced its 
pressor effect in young rats. While, in 
old rats it produced more prolonged 
significant depressor response and 
abolished the pressor response. 
Pretreatment with BQ-788 abolished 
the initial depressor response of ET-1 
and the pressor response was not 
changed in young rat. While, in old 
rats the pressor response was 
potentiated by pretreatment with BQ-
788.  

The mechanism of hypertensive 
response of BQ-788 was explained by 
Boulanger and Luscher(39) who 
reported that BQ-788 interfered with 
ETB-dependent release of endothelial 
derived relaxing factor by endogenous 
ET-1 and resulted in an increase of 
endothelial production or release of 
ET-1. Also, Fukuroda et al.(40) and 
Dupuis et al.(41) claimed that BQ-788 
displaced endogenous ET-1 from its 
ETB clearance receptor. Therefore, 
blockage of this receptor increase 
plasma ET-1 levels, which may 
produce more ETA receptor activation 
and marked vasoconstriction. 

Bird et al.(42) reported abolished 
pressor effects of ET-1 during 
administration of ETA receptor 
blocker and ET-1. Matsuura et al.(36) 

showed that injection of BQ-788 
completely abolished the depressive 
effect of ET-1.  

Previous studies in rat 
demonstrated that ETA receptor plays 
a central role in age-related increase in 
vascular tone in skeletal muscle(43) and 
coronary vessels(44,45). Also, Van 
Guilder et al.(23) support the role of the 
ETA receptors in the age-related 
elevated vascular tone in humans. 

Pretreatment with the BQ-123 
significantly increased renal function 
data in young and old rats with more 
increase in old rats. While, 
pretreatment with the BQ-788 
produced no change in renal function 
data. 

In accordance with our results, it 
was reported that blockage of ETA 
slowed the progression of renal injury 
and preserved the renal function in 
experimental renovascular disease(46). 
Rubanyi and Polokof (47) reported 
that BQ-123 administration decreased 
sodium excretion because of the 
reduction in filtered load. Bird et al.(42) 
reported that administration of ETA 
blocker produced no significant 
change in GFR, whereas, it partially 
reduced the marked change in renal 
blood flow induced by ET-1 
administration. Eileen et al.(48) found 
that administration of ETA blocker to 
anesthetized male rats decreased renal 
blood flow but no effect on 
glomerular filtration rate.  

Contrary to our results, 
Greenfeld et al.(25) demonstrated that 
acute inhibition of ET-1 did not 
change GFR or RPF neither in young 
nor in old rat however  UNa+V was 
increased in all age groups.  

In conclusion, the findings of our 
study highlighted into the role of ET-1 
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and its ET-1A receptor in the age-
related change in the renal function. 
These findings may prove relevant for 
development of novel therapeutic 
approaches that rely on these 
mechanisms. Yet, additional studies 
are required to explore this issue. 
Acknowledgments: 

`This study was supported by a 
research grant from the office of 
Assiut University, Faculty of 
Medicine. 
 
 

REFERENCES 
 
1. Martin JE & Sheaff MT (2007). 

Renal ageing. J. Pathol., 211: 
198–205. 

2. Zhou XJ, Saxena R, Liu Z, 
Vaziri ND & Silva FG (2008). 
Renal senescence in 2008: 
Progress and challenges. Int. 
Urol. Nephrol., 40: 823–839.  

3. Yang H & Fogo AB (2010). Cell 
Senescence in the Aging Kidney 
JASN., 20: 1436–1439. 

4. Rainfray M, Richard-Harston 
S, Salles-Montaudon N & 
Emeriau JP (2000). Effects of 
aging on kidney function and 
implications for medical practice. 
Presse Med., 29: 1373–1378. 

5. Esposito C & Dal CA (2010). 
Functional changes in the aging 
kidney. J Nephrol 23, S41–S45. 

6. Weinstein JR & Anderson S 
(2010). The aging kidney: 
physiological changes. Adv 
Chronic Kidney Dis., 17: 302–
307. 

7. Musso CG & Oreopoulos DG 
(2011). Aging and Physiological 
Changes of the Kidneys Including 

Changes in Glomerular Filtration 
Rate. Nephron Physiol 119, 1–5.  

8. Epstein M (1996). Aging and the 
kidney. J. Am. Soc. Nephrol., 7: 
1106–1122. 

9. Mühlberg W & Platt D (1999). 
Age-dependent changes of the 
kidneys: pharmacological 
implications. Gerontology 45: 
243–253. 

10. Gomes P, Sónia S, Elisabete S, 
Vanda P, João SA, Joana A, 
Maria PS, Maria JP & Patrício 
S (2009). Aging increases 
oxidative stress and renal 
expression of oxidant and 
antioxidant enzymes that are 
associated with an increased trend 
in systolic blood pressure. Oxid. 
Med. Cell Longev., 2: 138–145. 

11. Barton M (2010). Therapeutic 
potential of endothelin receptor 
antagonists for chronic 
proteinuric renal disease in 
humans. Biochimica et 
Biophysica Acta 1802: 1203–
1213. 

12. Denise M. Arrick & William G 
(2010). Mayhan inhibition of 
endothelin-1 receptors improves 
impaired nitric oxide synthase-
dependent dilation of cerebral 
arterioles in type 1 diabetic rats. 
Microcirculation 17: 439–446. 

13. Abu-Saleh N, Ovcharenko E, 
Awad H, Goltsman I, Khamaisi 
M, Hoffman A, Heyman SN, 
Winaver J & Abassi Z (2012). 
Involvement of the endothelin 
and nitric oxide systems in the 
pathogenesis of renal ischemic 
damage in an experimental 
diabetic model. Life Sci.,  17: 
[Epub ahead of print]. 



 
 
Bull. Egypt. Soc. Physiol. Sci. 32 (2) 2012                              Sayyed & Abdel-Hafeez                                

 
183

14. Mohamed AS, Erika IB, 
Jennifer SP, Virginia JS & 
David MP (2010). Endothelin-1 
increases glomerular permeability 
and inflammation independent of 
blood pressure in the rat. 
Hypertension 56: 942–949. 

15. Vignon-Zellweger N, Heiden S, 
Miyauchi T & Emoto N (2012). 
Endothelin and endothelin 
receptors in the renal and 
cardiovascular systems. Life Sci., 
28: [Epub ahead of print]. 

16. Vignon-Zellweger N, Heiden S 
& Emoto N (2011). Renal 
function and blood pressure: 
molecular insights into the 
biology of endothelin-1. Contrib. 
Nephrol., 172:18–34.  

17. Lekontseva O, Chakrabarti S & 
Davidge ST (2010). Endothelin 
in the female vasculature: a role 
in aging? AJP-Regu. Physiol., 
298: R509–R516.  

18. Gabel RA, Ranaei RA & 
Kivlighn SD (1996). A new 
method of measuring renal 
function in conscious rats without 
the use of radioisotopes. Journal 
of Pharmacological and 
Toxicological Methods 36: 189–
197.   

19. Hercule HC & Oyekan AO 
(2000). Role of NO and 
cytochrome P-450-derived 
eicosanoids in ET-1-induced 
changes in intrarenal 
hemodynamics in rats. AJP - 
Regu Physiol 279, R2132–R2141. 

20. Gava AL, Freitas FPS, 
Meyrelles SS, Silva IV & 
Graceli GB (2011). Gender-
dependent effects of aging on the 
kidney. Braz. J. Med. Biol. Res., 
44: 905–913.  

21. Jablonski KL, Seals DR, 
Eskurza I, Monahan KD & 
Donato AJ (2007). High-dose 
ascorbic acid infusion abolishes 
chronic vasoconstriction and 
restores resting leg blood flow in 
healthy older men. J. Appl. 
Physiol., 103: 1715–1721.  

22. Donato AJ, Gano LB, Eskurza 
I, Silver AE, Gates PE, 
Jablonski K & Seals DR (2009). 
Vascular endothelial dysfunction 
with aging: endothelin-1 and 
endothelial nitric oxide synthase. 
Am. J. Physiol. Heart Circ. 
Physiol., 297: H425–H432. 

23. Van Guilder GP, Westby CM, 
Greiner JJ, Stauffer BL & 
DeSouza CA (2007). Endothelin-
1 vasoconstrictor tone increases 
with age in healthy men but can 
be reduced by regular aerobic 
exercise. Hypertension 50: 403–
409. 

24. Goel G, Su B, Flavahan S, 
Lowenstein CJ, Berkowitz DE 
& Flavahan NA (2010). 
Increased endothelial exocytosis 
and generation of endothelin-1 
contributes to constriction of aged 
arteries. Circ. Res., 23: 242–251.  

25. Greenfeld Z, Kevin E, Lennie S 
& Chris B (1998). The role of 
endothelin in the age dependent 
increase in renal vascular 
resistance in the rat kidney. 
Mechanisms of Ageing and 
Development 101: 145–152. 

26. Susic D, Varagic J & Frohlich 
ED (2001). Isolated systolic 
hypertension in elderly WKY is 
reversed with L-arginine and 
ACE inhibition. Hypertension 
38:1422–1426. 



 
 
Bull. Egypt. Soc. Physiol. Sci. 32 (2) 2012                              Sayyed & Abdel-Hafeez                                

 
184

27. Kagota S, Yamaguchi Y, 
Tanaka N, Kubota Y, 
Kobayashi K, Nejime N, 
Nakamura K, Kunitomo M & 
Shinozuka K (2006). 
Disturbances in nitric 
oxide/cyclic guanosine 
monophosphate system in 
SHR/NDmcrcp rats, a model of 
metabolic syndrome. Life Sci., 
78: 1187–1196. 

28. Caldeira da SCC, Cerqueira 
FM, Barbosa LF, Medeiros MH 
& Kowaltowski AJ (2008). Mild 
mitochondrial uncoupling in mice 
affects energy metabolism, redox 
balance and longevity. Aging Cell 
7: 552–560. 

29. Percy CJ, Brown L, Power DA, 
Johnson DW & Gobe GC 
(2009). Obesity and hypertension 
have differing oxidant handling 
molecular pathways in age-
related chronic kidney disease. 
Mech Ageing Dev., 130: 129–
138.  

30. Silva E, Pinto V, Simão S, 
Serrão MP, Afonso J, Amaral J, 
Pinho MJ, Gomes P & Soares-
da-Silva P (2010). Renal aging in 
WKY rats: Changes in Na+,K+-
ATPase function and oxidative 
stress. Exp. Gerontol.,  45: 977–
983. 

31. Baynes J & Murray DB (2009). 
Cardiac and renal functions are 
progressively impaired with aging 
in Zucker diabetic fatty type II 
diabetic rats. Oxid Med Cell 
Longev 2, 328–334. 

32. Starr JM & Deary IJ (2010). 
Renal function in a narrow-age 
cohort of adults at 79 and 87 
years. Age Ageing 39: 750–752. 

33. Klingensmith WC, Briggs DE 
& Smith WI (1994). 
Technetium-99 m-MAG3 renal 
studies: normal range and 
reproducibility of physiologic 
parameters as a function of age 
and sex. J. Nucl. Med.. 35: 1612–
1617. 

34. Grewal GS & Blake GM (2005). 
Reference data for 51Cr-EDTA 
measurements of the glomerular 
filtration rate derived from live 
kidney donors. Nucl. Med. 
Commun., 26: 61–65.  

35. Hemmelgarn BR, Zhang J, 
Manns BJ, Tonelli M, Larsen 
E, Ghali WA, Southern DA, 
McLaughlin K, Mortis G & 
Culleton BF (2006). Progression 
of kidney dysfunction in the 
community –dwelling elderly. 
Kidney Int., 69: 2155–2161. 

36. Matsuura T, Yukimura T, Kim 
S, Miura K & Iwao H (1996). 
Selective blockade of endothelin 
receptor subtypes on systemic 
and renal vascular responses to 
endothelin-1 and IRL1620, a 
selective endothelin ETB-
receptor agonist, in anesthetized 
rats. Jpn. J. Pharmacol., 71: 213–
22. 

37. Aleksandra P, Andrzej P & 
Anna G (2010). Role of 
endothelin-1 receptor blockers on 
hemodynamic parameters and 
oxidative stress. Pharmacological 
reports 62: 28–34.  

38. Stauffer BL, Westby CM, 
Greiner JJ, Van Guilder GP & 
DeSouza CA (2010). Sex 
differences in endothelin-1-
mediated vasoconstrictor tone in 
middle-aged and older adults. 



 
 
Bull. Egypt. Soc. Physiol. Sci. 32 (2) 2012                              Sayyed & Abdel-Hafeez                                

 
185

AJP-Regu. Physiol., 298: R261–
R265. 

39. Boulanger CM & Luscher TF 
(1991). Differential effect of 
cyclic GMP on the release of 
endothelin-1 from cultured 
endothelial cells and intact 
porcine aorta. J. Cardiovasc. 
Pharmacol., 17: S264-S266. 

40. Fukuroda T, Fujikawa T, 
Ozaki S, Ishikawa K, Yano M 
& Nishikibe M (1994). 
Clearance of circulating 
endothelin-1 by ETB receptors in 
rats. Biochem. Biophys. Res. 
Commun., 199: 1461-1465. 

41. Dupuis J, Goresky CA & 
Fournier A (1996). Pulmonary 
clearance of circulating 
endothelin-1 in dogs in vivo: 
exclusive role of ETB receptors. J. 
Appl. Physiol., 81: 1510-1515. 

42. Bird JE, Webb ML, Giancarli 
MR, Chao C, Dorso CR & 
Asaad MM (1995). A role for 
endothelin ETA receptors in 
regulation of renal function in 
spontaneously hypertensive rats. 
Eur. J. Pharmacol., 27: 183–189. 

43. Donato AJ, Lesniewski LA & 
Delp MD (2005). The effects of 
aging and exercise training on 
endothelin-1 vasoconstrictor 
responses in rat skeletal muscle 
arterioles. Cardiovasc. Res., 66: 
393–401. 

44. Goodwin AT, Amrani M, 
Marchbank AJ, Gray CC, 
Jayakumar J & Yacoub MH 
(1999).Coronary vasoconstriction 
to endothelin-1 increases with age 
before and after ischaemia and 
reperfusion. Cardiovasc. Res., 41: 
554–562. 

45. Korzick DH, Muller-Delp JM, 
Dougherty P, Heaps CL, 
Bowles DK & Krick KK (2005). 
Exaggerated coronary 
vasoreactivity to endothelin-1 in 
aged rats: role of protein kinase 
C. Cardiovasc. Res., 66:384–392. 

46. Kelsen S, Hall JE & Chade AR 
(2011). Endothelin-A receptor 
blockade slows the progression of 
renal injury in experimental 
renovascular disease. Am. J. 
Physiol. Renal Physiol., 301: 
F218–F225.  

47. Rubanyi GM & Polokoff MA 
(1994). Endothelins: molecular 
biology, biochemistry, 
pharmacology, physiology, and 
pathophysiology. Pharmacol. 
Rev., 46: 325–415. 

48. Eileen JB, Maria LW, Mary 
RG, Chia-Ching C, Charles RD 
& Magdi MA (1995).  A role for 
endothelin ETa receptors in 
regulation of renal function in 
spontaneously hypertensive rats. 
Eur. J. Pharmaco., 294: 183–189. 

 
 
 



 
 
Bull. Egypt. Soc. Physiol. Sci. 32 (2) 2012                              Sayyed & Abdel-Hafeez                                

 
186

   وظيفة الكلى في التغيرات المرتبطة بالعمر على ١-االندوثلين أثر
  الفئرانفي ذكور 
  

  عزة صالح الدين عبد الحفيظ/د، ھيام جابر سيد/د
  جامعة أسيوط- كلية الطب- قسم الفسيولوجيا الطبية

  
  

من العديد من الدراسات على  فى العمر وتبين ذلك لتقدممع اتلف األجھزة المعرضة لل من الكلى :مقدمة
   .الحيوانات اإلنسان

العمر على ١-االندوثلين تأثير درسنا :الھدف من الدراسة ى التغيرات المرتبطة ب ة الكل ى وظيف ا و عل م
أثيرإذا كان  ذا الت تقبالت سطةبوا ھ دوثلين مس نا استجابةو .B أو A ١-االن ة أيضا درس دورة الدموي  ال

  .مستقبالتةو ١-الندوثلينل
اليب  واد واألس تخدمنا :الم ريتين اس ين عم ن فئت ران م ور الفئ ة : ذك بابفئ ھر ٥-٤( الش ة  )أش وفئ

يم ).شھرا ٢٠-١٩(عمر تفدمين فى الالم م تقس ع كل مجموعة ت ى أرب اس تجارب إل ا قي م فى كل منھ  ت
ى وظائف  الدورة الدموية وظيفة د إعطاءالكل ول  بع حمحل ة( المل د )مجموعة المراقب اد ، بع ن الح الحق

دوثلينل د ١-الن ي الوري ة ا( ف دوثلينمجموع و)١-الن ى كي ن ب د حق اد ل( ١٢٣-، بع تقبالتالمض  مس
ن ا ٢٠ )اية ١-الندوثلينا ل حق دوثليندقيقة قب تقبالتمضاد  مجموعة( ١-الن دوثلينا مس ة ١-الن  ا، ) اي

و ى كي ن ب د حق اد ل( ٧٨٨-بع تقبالتالمض دوثلينا مس ى ١-الن ن ا ٢٠ )ب ل حق ة قب دوثليندقيق  ١-الن
  ).بى ١-الندوثلينا مستقبالتمضاد  مجموعة(

أدى الى  ١-الندوثلينا حقن و. وظائف الكلىانخفاض و لدمارتفاع ضغط ا الشيخوخة مع يرتبط :النتائج
 المعالجةمع  .المتقدمة فى العمر صغار الفئران والفئران فى ظائف الكلىالحد من ووالدم  ارتفاع ضغط

ى مع حدث تحسن فى وظيفة  ١٢٣-ببى كيو رالتحسن األ الكل ران في كث ة فى العمر الفئ ا المتقدم  بينم
  . وظائف الكلى على ليس لھا أي تأثير ٧٨٨-ببى كيو المعالجة 
ذه الدراسة ان : االستنتاج دوثليناوبذلك نستنتج من ھ ة و ١-الن وع اي تقبالتة ن امس  في تلعب دورا ھام
 .وظائف الكلى في المرتبطة بالعمر التغيير

 
 


