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Objective: This study was conducted since the effects of colloid solutions on the renal system 

remain controversial and need to be adequately studied in animals. We aimed to evaluate the 

effects of hydroxyethyl starch (Voluven) on the kidney tissue of rats with late renal failure due 

to ureteral obstruction.

Materials and methods: Rats were divided into four groups: Group C, control; Group 

HES, hydroxyethyl starch solution (HES) 130/0.4 (Voluven®); Group UUO, unilateral ureteral 

obstruction (UUO); and Group UUO-HES, UUO-HES 130/0.4 (Voluven®). In the groups 

with ureteral obstruction, the distal part of the right ureter was accessed and sutured through 

a lower abdominal incision under ketamine anesthesia. Any signs of late-stage renal failure 

were evaluated after three weeks. Rats in the HES group and the renal failure-HES group were 

administered with HES 130/0.4 as a single intravenous dose of 20 mL/kg. After a follow-up of 

24 hours, intra-abdominal blood sample was collected, and the rats were sacrificed. Biochemical 

and histopathological parameters were then evaluated.

Results: Ureteral obstruction significantly increased urea and creatinine levels. In addition, when 

the UUO-HES and HES groups were compared, the administration of HES increased urea and 

creatinine levels in the UUO-HES group. Nitric oxide enzyme activity and malondialdehyde 

levels have significantly increased in the UUO groups. In addition, HES significantly increased 

nitric oxide activity and malondialdehyde levels in the UUO-HES group, in comparison with the 

HES group. The activity of caspases 3 and 8 was significantly increased in the UUO groups. In 

addition, HES significantly increased the activity of caspases 3 and 8 in the UUO-HES group, 

in comparison with the HES group. Light microscopy revealed significant changes in the UUO 

groups, especially in the obstructed kidneys.

Conclusion: If indicated, HES should be used with caution in cases of UUO, but not in the 

cases of bilateral ureteral obstruction. Other aspects of these findings, including the clinical 

significance and practical applications, merit further experimental and clinical investigation.

Keywords: unilateral ureteral obstruction, hydroxyethyl starch solution 130/0.4, caspase 3, 

caspase 8, malondialdehyde, nitric oxide

Introduction
Hydroxyethyl starches are the most frequently used compounds for their considerable 

and long-lasting blood volume-expanding effects.1 A review of the available clinical 

data demonstrates that hyperoncotic colloids and starches with a molar substitu-

tion 0.4 may have harmful effects on the kidneys of patients with septic shock.2–4 

As a third-generation hydroxyethyl starch (HES), tetrastarch (molar degree of substitu-

tion 0.4 and medium molecular weight of 130 kDa) reportedly has a more favorable 

safety profile; however, new concerns have been raised in the use of HES for volume 

therapy.5,6
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In comparison with crystalloids, the effects of HES on 

renal function in the cardiac surgical setting have been debated 

in the literature. One study described the beneficial effects of 

HES, even though the HES-treated patients were subjected to 

a relatively high exposure of 3,500 mL in 24 hours.7 A large, 

prospective, randomized study on modern HES, albumin, 

and crystalloid solutions included 80 HES-treated patients 

subjected to a relatively high exposure (mean of 2,500 mL 

HES intraoperatively). An increase in creatinine levels was 

observed only in the HES and albumin groups. Among vari-

ous studies, the volume regimens, HES dosages, investigated 

parameters, and observation periods differed.8,9

When comparing the effects of HES with those of albu-

min on renal function in the cardiac surgical setting, the 

beneficial effects of HES have been described with high-

dose substitution (42 mL/kg), as well as moderate dosages 

(20 mL/kg). However, adverse effects on renal function 

have been reported, when just 500 mL HES (corresponding 

to 6.6 mL/kg for 75 kg body weight) was administered exclu-

sively during priming. One possible mechanism of damage 

is the increased colloid osmotic pressure, described in an 

experimental animal model.8,10–12

The unilateral ureteral obstruction (UUO) experimental 

model is especially specific for obstructive nephropathy that 

results in renal tubular apoptosis and interstitial fibrosis.13,14 

Apoptosis of renal tubular epithelial cells is one of the impor-

tant detrimental events which leads to chronic kidney injury 

and results in renal fibrosis.10,15 After UUO, persistent hypoxia 

increases cytokine levels and stimulates the overproduction 

of reactive oxygen species (ROS), such as malondialdehyde 

(MDA). As a key component in this process, MDA mediates 

autophagy and apoptosis. Caspases (cysteinyl aspartate-

specific proteases) play an important role in apoptosis, which 

entails a complex mechanism and process.16,17 The role of 

angiotensin II (ATII) in the pathophysiology of unilateral 

obstructive nephropathy has been established; however, there 

is a lack of studies on comparisons between the effects of 

angiotensin-converting enzyme (ACE) inhibition and AT1 

antagonism on apoptosis in the renal tubule and interstitial cells. 

An association between the inhibition of ACE and increased 

nitric oxide (NO) generation has been well established.18

In this study, our aim was to investigate the effects of 

HES on the renal tissue of rats with late-stage renal failure, 

after ureteral obstruction.

Materials and methods
animals and experimental protocol
The study was approved by the Experimental Animals Ethics 

Committee of Gazi University and conducted at the GUDAM 

Laboratory of Gazi University (14/03/2017-E.38663 GÜET-

17.014). The experimental procedures were performed in 

accordance with the standards of the Guide for the Care and 

Use of Laboratory Animals.

This study was performed in a pathogen-free environ-

ment. The animals had free access to food and water. Food 

and water were withdrawn 2 hours before the start of the 

procedures. Rats were maintained on a 12:12 light/dark cycle 

for at least 1 week before the start of the experiment.

Twenty-four male Wistar albino rats weighing between 

225 and 275 g were randomly separated into four groups. 

The control (C) group (control; n=6); HES 130/0.4 group 

(HES 130/0.4; n=6); UUO for 3 weeks group (UUO; n=6); 

and UUO-HES group (UUO 20 mL/kg, HES 130/0.4; n=6). 

The control and UUO groups were only given normal saline 

at the same volume as that administered for the treatment.

All four groups were subjected to 100 mg/kg ketamine 

anesthesia intraperitoneally and the right ureter was sutured 

with 2.0 Mersilene through a low abdominal incision. The 

suture was left intact for 3 weeks to induce late-stage renal 

failure.

At the end of the 3-week period, anesthesia was induced 

using 100 mg/kg ketamine intraperitoneally, and 20 mL/kg 

HES 130/0.4 was then administered over 15 minutes intra-

venously through the tail vein. After the follow-up period 

of 24 hours, 100 mg/kg ketamine was again administered 

intraperitoneally, and blood samples were taken from the 

abdominal aorta of each rat. The serum was stored at -20°C 

for subsequent analysis of urea, creatinine, MDA, and NO 

levels. The tissues of both kidneys were sampled and fixed 

in 10% buffered formalin for histological analysis.

immunohistochemical evaluation
For immunohistochemical evaluation, the surface sections 

were prepared from formalin-fixed paraffin-embedded blocks 

of the biopsy specimens. All slides on which the sections 

were placed were first coated with 3–4 µL poly-l-lysine. 

The sections were left overnight at 45°C.

The methods conducted for standard antigen retrieval 

were as follows: deparaffinization, blocking, application 

of the primer antibody (caspase 3 and caspase 8: citrate 

30 minutes), post-primer, polymer, and diammonium phos-

phate in a Bond-maximal immunohistochemistry device 

(Leica Microsystems, Wetzlar, Germany), to evaluate the 

activity of caspase 3 (p11, C-6, 1/400, mouse monoclo-

nal antibody) and caspase 8 (Clone, D-8, 1/205, mouse 

monoclonal antibody) antibodies immunohistochemi-

cally. Hematoxylin II was applied for 6 minutes, and Blue 

reagent was then applied for 4 minutes as the background 
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dye. Immunohistochemical staining preparations were then 

washed with water and alcohol. After being clarified with 

xylene, they were then covered with balsam.

During immunohistochemical staining, both the abundance 

and intensity of stromal cells and endothelium cytoplasmic 

staining of caspase 3 and caspase 8 were evaluated. Staining 

intensity was scored as 0: no staining; 1: mild; and 2: severe. 

If the staining was 50%, it was evaluated as widespread.

For caspase 8 and caspase 3, thymus tissue and liver tissue 

were used as controls. Cytoplasmic membranous staining of 

caspases 3 and 8 was considered positive.

Measurements of MDa levels and nO 
activity
Lipid peroxidation was measured using the Esterbauer 

method. Briefly, MDA reacted with thiobarbituric acid at 

90°C–95°C and thereby yielded pink chromogranin. Speci-

mens were rapidly cooled and absorbances were then read 

at 532 nm spectrophotometrically. Results were presented 

as nmol/g tissue protein.19 Stable oxidative NO metabolites 

(NO
2
- vs NO

3
-) were measured in the serum, and to deter-

mine, NO production was measured. The Griess reaction was 

used in order to measure the nitrite concentration.20

Urea and creatinine measurement
Urease and glutamate were measured by kinetic testing with 

dehydrogenase, using urea (Ureal, Cobas®) and the Roche 

Diagnostics Cobas C501 autoanalyzer. Creatine (Crej2, 

Cobas®) was measured by the kinetic colorimetric test (based 

on the Jaffe method) on the C501 autoanalyzer (Hoffman-La 

Roche Ltd., Basel, Switzerland).21

statistical analysis
All data were processed by variance analysis using the 

Statistical Package for the Social Sciences 20.0 program 

(IBM Corporation, Armonk, NY, USA) for Windows sta-

tistical software. Kruskal–Wallis test was used to assess the 

results. The Bonferroni adjusted Mann–Whitney U test was 

used after significant Kruskal–Wallis test results to determine 

the group differences. The data were expressed as mean ± 

standard error (SE). A p-value 0.05 was considered statisti-

cally significant.

Results
Significant differences were found among the groups, in 

terms of peritubular capillary caspase 8 activity of the kidneys 

with ureteral obstruction. Peritubular capillary caspase 8 

activity was notably higher in all experimental groups than 

in the control group ( p=0.001, p0.0001, p0.0001). Glom-

erular and tubular caspase 8 activity was identical among all 

groups ( p=0.083) (Table 1).

Differences among the groups were significant, in terms 

of caspase 8 enzyme activity of renal peritubular capil-

laries without ureteral obstruction. Peritubular capillary 

caspase 8 activity was notably higher in the UUO and UUO-

HES groups, in comparison with the control group ( p=0.002, 

p=0.002). Glomerular and tubular caspase 8 enzyme activity 

was similar among all groups (Table 2).

Differences among the groups with ureteral obstruction 

were notable in terms of cortical tubular, medullary tubular, 

and glomerular endoplasmic caspase 3 activity. Caspase 3 

enzyme activity of the cortical tubule, medullary tubule, and 

glomerular cytoplasm was notably higher in the UUO and 

UUO-HES groups, in comparison with the control and HES 

groups. In addition, corticomedullary tubulo-cytoplasmic 

caspase 3 enzyme activity was significantly higher in the 

UUO-HES group, in comparison with the control and 

HES groups (  p=0.005, p=0.005, respectively) (Table 3; 

Figures 1–4).

A significant difference was noted among the groups 

without ureteral obstruction in terms of medullary tubule 

cytoplasmic activity of caspase 3. This activity was notably 

higher in all groups, as compared to the control ( p=0.002, 

p0.0001, p0.0001, respectively). The activity of caspase 3 

was similar in the cortical tubules, corticomedullary tubules, 

and glomerular cytoplasm ( p=0.269, p=0.077, and p=0.235, 

respectively) (Table 4).

Significant differences were noted among the groups with 

ureteral obstruction, in the cortical tubule, corticomedullary 

tubule, and medullary tubule luminal caspase 3 activity 

Table 1 caspase 8 enzyme activity of kidney tissue with ureteral obstruction (mean ± se)

Group C
(n=6)

Group HES
(n=6)

Group UUO
(n=6)

Group UUO- 
HES (n=6)

 p-value**

Peritubular capillary 0.17±0.17 0.83±0.17* 1.00±0.00* 1.00±0.00* 0.0001
glomerulus 0.17±0.17 0.33±0.21 0.67±0.21 0.83±0.17 0.083

Tubules 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 1.000

Notes: **Significance level with Kruskal–Wallis test, p0.05. *p0.05, compared with group c.
Abbreviations: group c, control; group hes, hydroxyethyl starch solution 130/0.4; group UUO, unilateral ureteral obstruction; group UUO-hes, UUO-hes 130/0.4; 
se, standard error.
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( p=0.001, p=0.001, and p0.0001, respectively). The corti-

cal tubule and medullary tubule luminal caspase 3 activities 

were significantly higher in the UUO and UUO-HES groups 

than in the control and HES groups. The activity of caspase 3  

in the corticomedullary tubular lumen was notably higher 

in the UUO and UUO-HES groups, compared to the control 

and UUO-HES groups (Table 5; Figures 1–4).

An important difference was observed among the groups 

without ureteral obstruction, regarding renal tissue tubule lumi-

nal caspase 3 activity ( p=0.003). The activity of the cortical 

tubule luminal caspase 3 was notably higher in the UUO and 

UUO-HES groups, as compared to the control and UUO-HES 

groups. The corticomedullary tubule and medullary tubule 

luminal caspase 3 activities were similar among the groups 

( p=0.152 and p=0.235, respectively) (Table 6; Figures 1–4).

A significant difference was noted among the groups with 

ureteral obstruction, in terms of degeneration of the renal 

tubular epithelium, as observed under a light microscope 

(  p0.0001). Degeneration of the tubular epithelium was 

more frequently observed in the UUO and UUO-HES groups 

than in the control and HES groups (Table 7; Figures 5–8).

Notable differences were observed in the extent of edema 

in the tubular epithelium among the groups. In the UUO and 

UUO-HES groups, edema was more frequently observed in 

the tubular epithelium than in the control and HES groups. 

Furthermore, in the UUO-HES group, edema was more 

common in the tubular epithelium, as compared to the UUO 

group (Table 7; Figures 5–8).

Significant differences were observed in the extent of 

renal tubular dilation in groups with ureteral obstruction 

( p0.0001). Tubular dilation was more frequently observed 

in the UUO and UUO-HES groups than in the control and 

HES groups (Table 7; Figures 5–8).

Interstitial edema also showed significant differences 

among the groups (  p0.0001). The UUO-HES group 

showed a greater extent of interstitial edema, in comparison 

with all other groups. Furthermore, interstitial edema was 

more frequently observed in the UUO group than the HES 

group (Table 7; Figures 5–8).

Significant differences were also noted in the levels of 

interstitial fibrosis observed among the groups ( p0.0001). 

Interstitial fibrosis was more frequently observed in the 

UUO and UUO-HES groups than in the control and HES 

groups. Moreover, interstitial fibrosis was more prevalent 

in the UUO-HES group than in the UUO group (Table 7; 

Figures 5–8).

The levels of renal interstitial inflammation and renal 

tubular atrophy after ureteral obstruction were found to be 

significantly different among the groups (    p0.0001). Inter-

stitial inflammation and tubular atrophy were more prevalent 

in the UUO and UUO-HES groups than in the control and 

HES groups (Table 7; Figures 5–8).

The level of degeneration in the renal tubular epithelium, 

as observed under a light microscope, among groups without 

ureteral obstruction was found to be significantly different 

( p=0.010). In the UUO-HES group, degeneration of the 

tubular epithelium was more prevalent than in all other 

groups (   p=0.005) (Table 8).

The level of interstitial edema also showed significant 

differences among the groups. Interstitial edema was more 

Table 2 caspase 8 enzyme activity of kidney tissue without ureteral obstruction (mean ± se)

Group C
(n=6)

Group HES
(n=6)

Group UUO
(n=6)

Group UUO- 
HES (n=6)

p-value**

Peritubular capillary 0.00±0.00 0.50±0.22 0.83±0.17* 0.83±0.17* 0.005
glomerulus 0.17±0.17 0.33±0.21 0.67±0.21 0.83±0.17 0.083

Tubules 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 1.000

Notes: **Significance level with Kruskal–Wallis test, p0.05. *p0.05, compared with group c.
Abbreviations: group c, control; group hes, hydroxyethyl starch solution 130/0.4; group UUO, unilateral ureteral obstruction; group UUO-hes, UUO-hes 130/0.4; 
se, standard error.

Table 3 caspase 3 enzyme activity of kidney tissue with ureteral obstruction (mean ± se)

Group C
(n=6)

Group HES
(n=6)

Group UUO
(n=6)

Group UUO- 
HES (n=6)

p-value**

cortex tubule 0.00±0.00 0.17±0.17 0.83±0.17*,& 0.83±0.17*,& 0.0001
corticomedullary tubule 1.00±0.00 1.00±0.00 1.33±0.21 1.67±0.21*,& 0.013
Medullary tubule 0.17±0.17 0.67±0.21 1.50±0.22*,& 1.83±0.17*,& 0.0001

glomerulus 0.00±0.00 0.17±0.17 1.50±0.22*,& 1.67±0.21*,& 0.0001

Notes: **Significance level with Kruskal–Wallis test, p0.05. *p0.05, compared with group c; &p0.05, compared with group hes.
Abbreviations: group c, control; group hes, hydroxyethyl starch solution 130/0.4; group UUO, unilateral ureteral obstruction; group UUO-hes, UUO-hes 130/0.4; 
se, standard error.
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prevalent in the UUO-HES group than in all other groups 

(   p=0.003, p=0.003, p=0.014, respectively) (Table 8).

Significant differences were also observed in serum 

MDA levels among the groups. The MDA levels were 

notably higher in the UUO and UUO-HES groups than 

in the control group (  p0.0001 and p0.0001, respec-

tively). In addition, MDA levels were notably higher in 

the UUO and UUO-HES groups than in the HES group 

(   p0.0001 and p0.0001, respectively). The MDA levels 

in the UUO and UUO-HES groups were similar ( p=0.182) 

(Table 9).

Serum NO activity was compared among the groups 

and significant differences were observed. NO activity 

was notably higher in the UUO and UUO-HES groups, 

as compared to the control group ( p=0.034 and p=0.001, 

respectively). Furthermore, NO activity was notably higher 

in the UUO-HES group than in the HES group ( p=0.002). 

NO activity in the UUO and UUO-HES groups was similar 

( p=0.202) (Table 9).

Significant differences were noted in the levels of serum 

urea among the groups. Serum urea was notably higher in 

the UUO and UUO-HES groups, as compared to the control 

group (   p0.0001 and p0.0001, respectively). Moreover, 

serum urea was significantly higher in the UUO-HES group 

than in the HES group (  p=0.002). However, its levels 

were similar in the UUO and UUO-HES groups (   p=0.100) 

(Table 10).

Serum creatinine levels were significantly higher in the 

UUO and UUO-HES groups, as compared to the control 

Figure 1 With caspase 3, mild luminal staining (yellow arrow) is noted in the cortex 
and corticomedullary tubules, whereas staining is not observed in glomeruli (black 
arrow) (×400).

Figure 3 caspase 3 showed luminal (white arrow) and mild cytoplasmic (yellow 
arrow) staining in the cortex and corticomedullary tubules; intense luminal/
cytoplasmic (long black arrow) staining in medullary tubules and intense cytoplasmic 
staining in glomeruli (short black arrow) (×200).

Figure 2 caspase 3 showed intense luminal and cytoplasmic staining in the 
corticomedullary tubules (white arrow), whereas mild cytoplasmic staining was 
observed in the cortical tubules (black arrow). no staining was observed in the 
glomeruli (short yellow arrow) (×40).

Figure 4 caspase 3 showed light cytoplasmic staining (yellow arrow), intense 
luminal staining (white arrow) in cortical tubules, and light cytoplasmic staining in 
glomeruli (black arrow) (×200).
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Table 4 cytoplasmic caspase 3 enzyme activity of kidney tissue without ureteral obstruction (mean ± se)

Group C
(n=6)

Group HES
(n=6)

Group UUO
(n=6)

Group UUO- 
HES (n=6)

p-value**

cortex tubule 0.00±0.00 0.00±0.00 0.17±0.17 0.33±0.21 0.269
corticomedullary tubule 1.00±0.00 1.00±0.00 1.33±0.21 1.50±0.22 0.077
Medullary tubule 0.00±0.00 0.67±0.21* 1.00±0.00* 1.17±0.17*,& 0.0001

glomerulus 0.00±0.00 0.33±0.21 0.50±0.22 0.50±0.22 0.235

Notes: **Significance level with Kruskal–Wallis test, p0.05. *p0.05, compared with group c; &p0.05, compared with group hes.
Abbreviations: group c, control; group hes, hydroxyethyl starch solution 130/0.4; group UUO, unilateral ureteral obstruction; group UUO-hes, UUO-hes 130/0.4; 
se, standard error.

Table 5 luminal caspase 3 enzyme activity of kidney tissue with ureteral obstruction (mean ± se)

Group C
(n=6)

Group HES
(n=6)

Group UUO
(n=6)

Group UUO- 
HES (n=6)

p-value**

cortex tubule 0.50±0.22 0.67±0.21 1.33±0.21*,& 1.83±0.17*,& 0.001
corticomedullary tubule 1.00±0.00 1.33±0.21 1.67±0.21* 2.00±0.00*,& 0.001

Medullary tubule 0.00±0.00 0.00±0.00 1.67±0.21*,& 1.83±0.17*,& 0.0001

Notes: **Significance level with Kruskal–Wallis test, p0.05. *p0.05, compared with group c; &p0.05, compared with group hes.
Abbreviations: group c, control; group hes, hydroxyethyl starch solution 130/0.4; group UUO, unilateral ureteral obstruction; group UUO-hes, UUO-hes 130/0.4; 
se, standard error.

Table 6 luminal caspase 3 enzyme activity of kidney tissue without ureteral obstruction (mean ± se)

Group C
(n=6)

Group HES
(n=6)

Group UUO
(n=6)

Group UUO- 
HES (n=6)

p-value**

cortex tubule 0.17±0.17 0.67±0.21 0.83±0.17* 1.33±0.21*,& 0.003
corticomedullary tubule 1.00±0.00 1.17±0.31 1.50±0.22 1.67±0.21 0.152

Medullary tubule 0.00±0.00 0.00±0.00 0.17±0.17 0.50±0.34 0.235

Notes: **Significance level with Kruskal–Wallis test, p0.05. *p0.05, compared with group c; &p0.05, compared with group hes.
Abbreviations: group c, control; group hes, hydroxyethyl starch solution 130/0.4; group UUO, unilateral ureteral obstruction; group UUO-hes, UUO-hes 130/0.4; 
se, standard error.

Table 7 histological evaluation of kidney tissue with ureteral obstruction (mean ± se)

Group C
(n=6)

Group HES
(n=6)

Group UUO
(n=6)

Group UUO- 
HES (n=6)

p-value**

Degeneration in tubule epithelium 0.00±0.00 0.50±0.22 2.40±0.60*,& 3.00±0.00*,& 0.0001
edema in the tubule epithelium 0.00±0.00 0.00±0.00 1.80±0.58*,& 3.00±0.00*,&,+ 0.0001
Tube dilatation 0.00±0.00 0.33±0.21 2.60±0.40*,& 3.00±0.00*,& 0.0001
interstitial edema 0.00±0.00 0.50±0.34 1.00±0.00* 2.83±0.17*,&,+ 0.0001
Interstitial fibrosis 0.00±0.00 0.00±0.00 1.40±0.51*,& 2.83±0.17*,&,+ 0.0001
Interstitial inflammation 0.00±0.00 0.00±0.00 2.40±0.60*,& 2.67±0.21*,& 0.0001
glomerular sclerosis (global/segmental) 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 1.000
Bowman capsule dilatation 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 1.000

Tubular atrophy 0.00±0.00 0.00±0.00 2.20±0.58*,& 2.67±0.21*,& 0.0001

Notes: **Significance level with Kruskal–Wallis test, p0.05. *p0.05, compared with group c; &p0.05, compared with group hes; +p0.05, compared with 
group UUO.
Abbreviations: group c, control; group hes, hydroxyethyl starch solution 130/0.4; group UUO, unilateral ureteral obstruction; group UUO-hes, UUO-hes 130/0.4; 
se, standard error.

group (  p=0.043 and p=0.001, respectively). In addition, 

serum creatinine was significantly higher in the UUO-HES 

group than in the HES group (   p=0.001), and similar levels 

were observed in the UUO and UUO-HES groups (   p=0.57) 

(Table 10).

Discussion
Surgical UUO, as a model of progressive chronic kidney 

disease, has been used in a variety of experimental animals. 

The fact that apoptosis progresses in obstructed renal 

tubules have been well established.22 Apoptosis, as a form 
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Figure 5 normal histomorphologic cortex and medulla (hematoxylin and eosin 
stain, ×100).

Figure 7 Degeneration and edema in the tubular epithelium, tubular dilatation 
(yellow arrow), tubular atrophy (black arrow), interstitial inflammation (white 
arrow), and interstitial fibrosis (red arrow) are severe. Mild interstitial edema is 
noticeable (hematoxylin and eosin stain, ×400).

Figure 6 hydroxyethyl starch (hes) group showing interstitial edema (white 
arrows) (hematoxylin and eosin stain, ×100).

Figure 8 hydroxyethyl starch (hes) in the obstructive kidney. Degeneration in 
the tubular epithelium, edema in the tubular epithelium, tubular dilatation, tubular 
atrophy, interstitial inflammation, and interstitial fibrosis are severe. Mild interstitial 
edema is noticeable (hematoxylin and eosin stain, ×200).

of programmed cell death, occurs during development and 

post-development pathogenesis. Particularly when tissues or 

organs go through pathological processes such as ischemia, 

hypoxia, toxicity, and metabolic stress, cells may undergo 

apoptosis.23–25 Apoptotic renal tubular cell death is activated 

by tumor necrosis factor alpha (TNF-α), via activation of 

death receptor signaling and caspase 8.26 In the present study, 

peritubular capillary caspase 8 activity in ureter-obstructed 

rats was notably higher in all groups than in the control group. 

However, glomerular and tubular caspase 8 activity was simi-

lar among all groups. For rats without ureteral obstruction, 

peritubular capillary caspase 8 activity was significantly 

higher in the UUO and UUO-HES groups, as compared to 

the control group. Glomerular and tubular caspase 8 activity 

was similar among the groups.

A significant increase in the number of apoptotic and 

proliferative tubular cells in inducible-NO synthase gene 

knockout mice, following unilateral obstructive nephropathy, 

was reportedly an indicative of the anti-apoptotic proper-

ties of NO, as demonstrated by Miyajima et al.27 Even 

though NO has complex effects on renal oxidative status, it 

exerts important anti-apoptotic protective effects in UUO.28 

Felsen et al29 subjected cultured tubular epithelial cells to 

mechanical stretch as, an in vitro replication of UUO-induced 

tubular cellular stress to study the role of NO in apoptosis 

during UUO.

The NO activity was significantly higher in the UUO and 

UUO-HES groups than in the control group. Furthermore, 
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NO activity in the UUO-HES group was significantly higher 

than in the HES group. The NO activity was similar in the 

UUO and UUO-HES groups ( p=0.202). Obstructed kidney 

tissues had significantly higher NO activities.

In rats with ureteral obstruction, caspase 3 activity 

in the cortical tubule, medullary tubule, and glomerular 

endoplasmic reticulum was found to be significantly higher 

in the UUO and UUO-HES groups, as compared to the 

control and HES groups. In addition, corticomedullary 

tubulo-cytoplasmic caspase 3 activity was significantly 

higher in the UUO-HES group, as compared to the control 

and HES groups. Furthermore, in rats with ureteral obstruc-

tion, the activity of caspase 3 was significantly higher in all 

groups, as compared to the control. The medullary tubule 

cytoplasmic activity of caspase-3 was notably higher in 

the UUO-HES group than in the HES group. However, 

caspase-3 activity was similar in the cortical tubules, cor-

ticomedullary tubules, and glomerular cytoplasm, among 

all groups. In rats with ureteral obstruction, the cortical 

tubule and medullary tubule luminal activity of caspase-3 

was significantly higher in the UUO and UUO-HES 

groups, as compared to the control and HES groups. The 

caspase-3 activity in the corticomedullary tubular lumen 

was significantly higher in the UUO and UUO-HES groups, 

as compared to the control group. In rats without ureteral 

obstruction, the activity of cortical tubule luminal caspase-3 

was significantly higher in the UUO and UUO-HES groups, 

as compared to the control group. The corticomedullary 

tubule and medullary tubule luminal caspase-3 activities 

were similar among the groups.

Oxidative stress plays an important role in tubulointer-

stitial damage in renal injury induced by UUO.30 Reduced 

expression of superoxide dismutase and increased expression 

of nicotinamide adenine dinucleotide phosphate (NADPH) 

oxidase are related to fibrosis, which is characteristic of 

chronic kidney disease.31 In the present study, interstitial 

edema was more common in the UUO-HES group than 

in any other groups. Furthermore, interstitial edema was 

more common in the UUO group, as compared to the HES 

group, and interstitial fibrosis was more common in the 

UUO and UUO-HES groups than in the control and HES 

groups. Moreover, interstitial fibrosis was more prevalent 

in the UUO-HES group than in the UUO group. Fibrosis is 

a common outcome of all forms of renal injury. Fibrosis, as 

evidenced by the accumulation of the extracellular matrix and 

cellular phenotypic alterations, is considered a key player in 

the loss of renal function.32

Interstitial inflammation was more prevalent in the UUO 

and UUO-HES groups than in the control and HES groups. 

Tubular atrophy was also more prevalent in the UUO and 

Table 8 histological evaluation of kidney tissue without ureteral obstruction (mean ± se)

Group C
(n=6)

Group HES
(n=6)

Group UUO
(n=6)

Group UUO- 
HES (n=6)

p-value**

Degeneration in tubule epithelium 0.00±0.00 0.00±0.00 0.00±0.00 0.50±0.21*,&,+ 0.010
edema in the tubule epithelium 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 1.000
Tubular dilatation 0.00±0.00 0.00±0.00 0.00±0.00 0.17±0.17 0.413
interstitial edema 0.00±0.00 0.00±0.00 0.17±0.17 0.83±0.31*,&,+ 0.008
Interstitial fibrosis 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 1.000
Interstitial inflammation 0.00±0.00 0.00±0.00 0.00±0.00 0.50±0.21*,&,+ 0.010
glomerular sclerosis (global/segmental) 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 1.000
Bowman capsule dilatation 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 1.000

Tubular atrophy 0.00±0.00 0.00±0.00 0.00±0.00 0.00±0.00 1.000

Notes: **Significance level with Kruskal–Wallis test, p0.05. *p0.05, compared with group c; &p0.05, compared with group hes; +p0.05, compared with 
group UUO.
Abbreviations: group c, control; group hes, hydroxyethyl starch solution 130/0.4; group UUO, unilateral ureteral obstruction; group UUO-hes, UUO-hes 130/0.4; 
se, standard error.

Table 9 Oxidative status parameters (mean ± se)

Group C
(n=6)

Group HES
(n=6)

Group UUO
(n=6)

Group UUO- 
HES (n=6)

p-value**

Malondialdehyde (MDa) (nmol/ml) 5.45±1.20 8.88±1.14 16.45±1.31*,& 20.50±1.28*,& 0.0001
nitric oxide (nO) (umol/l) 16.74±3.30 23.10±6.20 41.10±6.40* 60.50±11.24*,& 0.003

Notes: **Significance level with Kruskal–Wallis test, p0.05. *p0.05, compared with group c; &p0.05, compared with group hes.
Abbreviations: group c, control; group hes, hydroxyethyl starch solution 130/0.4; group UUO, unilateral ureteral obstruction; group UUO-hes, UUO-hes 130/0.4; 
se, standard error.
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Dursun et al40 observed a significant increase in serum 

urea and creatinine levels in rats with experimentally induced 

ureteral obstruction, with amorphous eruptions, cellular 

swelling, vacuolization, the presence of neutrophils in the 

glomerulus, tubular dilatation, and increased vascular con-

gestion in the tubular lumen histopathologically.40

We also found that renal function was severely impaired in 

the UUO groups. Levels of serum urea were significantly higher 

in the UUO and UUO-HES groups, as compared to the control 

group. In addition, serum urea was significantly higher in the 

UUO-HES group, as compared to the HES group ( p=0.002). 

However, serum urea levels were similar in the UUO and UUO-

HES groups. Serum creatinine levels were significantly higher 

in the UUO and UUO-HES groups, as compared to the control 

group. Furthermore, serum creatinine was significantly higher 

in the UUO-HES group than in the HES group.

Based on the foregoing results, we propose that HES 

can be used with caution, and if indicated, in cases of UUO. 

However, it should not be used in cases of bilateral ureteral 

obstruction. Other aspects of these findings, including the 

clinical significance and practical applications, merit further 

experimental and clinical investigation.
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