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INTRODUCTION

Contrast media nephropathy (CMN), known as 
acute renal failure excluding all other causes, may 
lead to renal insufficiency after intravascular contrast 
media use. CMN is the third most common cause 
of hospital-acquired acute renal failure (Pistolesi et 
al., 2018). CMN is defined as a 0.5 mg/dL increase 
in serum creatinine level or a 25% increase in basal 
creatinine values within 48-72 hours after contrast agent 
administration. CMN develops in 5-6.4% of patients 
exposed to contrast media (van der Molen et al., 2018). 
CMN can lead to prolonged hospitalization, morbidity, 
mortality and even irreversible renal insufficiency. The 
mortality rate of CMN is approximately 30% (Hocine 

et al., 2016). CMN usually improves within one to two 
weeks. Prolonged hospitalization increases the risk of 
complications. Therefore, determining the risk factors 
for CMN, taking necessary precautions and identifying 
effective treatments are important. Hence, preventive 
treatment strategies for CMN have been investigated 
in many studies (Pistolesi et al., 2018; Andreucci et al., 
2014). The effects of boron and its compounds on human 
organisms are still discussed today. In addition, boron 
has many physiological effects such as pain and edema 
reducing effects, fracture healing effects and some 
anticancer effects due to its antiproliferative properties 
(Feng et al., 2016; Chen et al., 2015; Demirci et al., 
2016). In some studies, boric acid has been shown to 
cause toxicity in the kidneys as a result of accumulation 
(Sabuncuoglu et al., 2006; Pazirandeh, Jameie, Zargar, 
2009). In contrast, different experimental studies have 
reported that boric acid has some nephroprotective 
effects (Cengiz, 2018). To date, no experimental study 
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investigating the effects of boric acid on contrast 
media-induced nephropathy has been conducted. 
Therefore, we aimed to determine the effect of boric 
acid application on contrast nephropathy in rats.

Quercetin is a polyphenolic bioactive agent found 
in many fruits and vegetables. Quercetin has a wide 
range of biological activities including antioxidant, 
antihypertensive, anti-inflammatory, antiapoptotic, 
cardioprotective and antibacterial activities (Li et 
al., 2014; Al-Rasheed et al., 2017; Harwood et al., 
2007). The nephroprotective activity of quercetin has 
been determined in different experimental models 
(Shoskes, 1998; Gomes et al., 2014; Mahesh, Menon, 
2004). A study of low osmolar iodine-induced renal 
toxicity by Guss et al. (2017) showed that quercetin 
does not have adequate protective effects. Hence, 
we aimed to determine the effects of quercetin on 
nephropathy induced by high-osmolar meglumine-
sodium diatrizoate.

MATERIAL AND METHODS

Animals

Thirty-two female albino Wistar rats (weighing 
220-250 g on average) were used in the study. The 
experimental animals were kept in individual cages and 
were maintained on a 12-hour light/dark cycle at a room 
temperature of 22-24°C.

Experimental protocols and drugs

Thirty-two rats were divided into four equal groups 
with eight rats in each group: group 1 (the control (C) 
group), group 2 (the contrast media (CM) group), group 
3 (the contrast media plus boric acid (CMB) group), 
and group 4 (the contrast media plus quercetin (CMQ) 
group). Boric acid (H3(BO)3, 4% solution; (Sigma-
Aldrich, USA, CAS no. 10043–35–3) was administered 
at a dose of 200 mg/kg by oral gavage to the rats in the 
CMB group once daily for 4 consecutive days (days 
1 to 4). Quercetin (Sigma-Aldrich) was administered 
at a dose of 50 mg/kg by oral gavage to the rats in the 
CMQ group once daily for 4 consecutive days (days 1 

to 4). Twenty-four hours before contrast administration, 
animals were allowed limited access to water. After this 
period, animals from the CM, CMB and CMQ groups 
received high-osmolar contrast medium, meglumine-
sodium diatrizoate (76% Urografin, Bayer), at a dose 
of 6 ml/kg through the tail vein (day 2). All rats were 
given unrestricted access to standard rat food. After 5 
days, the rats were sacrificed, and blood samples were 
collected from the abdominal aorta and right kidneys 
and stored in 10% neutral buffered formalin.

All procedures performed in the studies involving 
animals were in accordance with the ethical standards 
of the institution or practice at which the studies were 
conducted (decision number: 2018/4-1).

Biochemical analysis

The levels of serum urea and creatinine were 
measured with an autoanalyzer (Beckman Coulter AU 
680) at Medical Biochemistry Laboratories. We analyzed 
serum nitrite and nitrate concentrations by the Griess 
reaction method according to the kit instructions (Sigma-
Aldrich, USA, catalog number: 23479). All work was 
repeated twice (Kiss et al., 2010; Kovacs et al., 2015). 

Histopathological analysis

The right kidneys were evaluated for histopathological 
changes. Slides were examined and photographed under 
a light microscope (Nikon Eclipse Cİ, Amsterdam, The 
Netherlands) by a blinded pathologist. Histopathological 
changes (tubular necrosis, proteinaceous casts and 
medullary congestion) were scored in accordance with 
the following scale: negative: 0; mild: 1; moderate: 2; 
severe: 3; very severe: 4.

Statistical analyses

IBM SPSS, version 25.0 was used for biochemical 
and histopathologic scoring analysis. Comparisons 
between groups were performed by one-way ANOVA 
followed by post hoc Tukey’s multiple comparison 
test. Identical letters in the colons indicate statistical 
insignificance; different letters in the colons indicate 
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FIGURE 1 - Changes in serum urea levels among the groups in our study. Statistically insignificant differences are indicated by 
identical letters, and statistically significant differences are indicated by different letters. P <0.05 was considered statistically 
significant.

FIGURE 2 - Changes in serum creatinine levels among the groups in our study. Statistically insignificant differences are indicated 
by identical letters, and statistically significant differences are indicated by different letters. P <0.05 was considered statistically 
significant.

statistical significance. The mean and standard 
deviation values were used for analysis. P<0.05 was 
considered significant.

RESULTS

Biochemical analyses

Serum urea and creatinine levels were significantly 
increased in the CM group compared to the C group 

(P<0.01). There were no significant differences in the 
serum urea or creatine levels in the CMB group compared 
to the CM group (P> 0.05), but there were significant 
decreases in the CMQ group (P <0.01) (Figure 1 and 
2). Serum nitrite and nitrate levels were significantly 
increased in the CM group compared to the C group (P 
<0.01). There were no significant differences in serum 
nitrite or nitrate levels in the CMB group compared to 
the CM group (P> 0.05), but significant decreases were 
found in the CMQ group (P <0.01) (Figure 3 and 4).
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FIGURE 3 - Changes in serum nitrite levels among the groups in our study. Statistically insignificant differences are indicated 
by identical letters, and statistically significant differences are indicated by different letters. P <0.05 was considered statistically 
significant.

FIGURE 4 - Changes in serum nitrate levels among the groups in our study. Statistically insignificant differences are indicated 
by identical letters, and statistically significant differences are indicated by different letters. P <0.05 was considered statistically 
significant.

Histopathological analyses

Histopathological changes in the right kidneys 
were evaluated under a light microscope as described 
by Yamasowa et al. (2005) (Table I and Figure 5). Mild 
to moderate tubular necrosis was observed in the CM 
group compared to the C group (P<0.05). Quercetin 

administration significantly protected tubules against 
contrast media-induced kidney damage. Boric acid 
administration did not show any protective effects on 
contrast media-induced nephropathy. Additionally, there 
were no statistically significant differences in medullary 
congestion or proteinaceous casts between the groups 
(P>0.05).
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TABLE I - Pathology Scoring eligible

  Control Contrast Media Boric Acid Quercetin P
Tubular necrosis 0.75±0.46+ 1.5±0.75* 1.14±0.37 0.75±0.46+ 0.027
Medullar congestion 1.5±0.19 1.75±0.7 2.14±0.69 1.62±0.91 0.566
Proteinoceaus cast 0.5±0.75 1.37±1.30 0.85±1.21 1.37±1.06 0.327

*compared to controls, +compared to contrast media (0:none, 1:mild, 2:moderate, 3:severe), P <0.05 was considered statistically significant.

DISCUSSION

In our study, quercetin was shown to improve 
both biochemical and pathological findings in contrast 
nephropathy. Boric acid had no significant negative or 
positive effect on contrast nephropathy.

Nephrotoxicity caused by the use of contrast 
agents has been reported for approximately 60 years, 
and contrast nephropathy is one of the most important 
causes of restrictions on the use of intravascular contrast 
agents. CMN, which is one of the most common causes of 
iatrogenic acute renal failure, has significant morbidity and 
mortality (Wood, 2012; Ali et al., 2018). In general, diabetes 
mellitus, chronic kidney disease, age, and congestive heart 
failure are risk factors for the development of CMN. The 
incidence of nephropathy after contrast media use is directly 
proportional to the risk factors (Katoh et al., 2019).

Increases in serum creatinine and urea levels, within 
the first 72 hours following the application of contrast 
agent, are necessary for the diagnosis of CMN (van der 
Molen et al., 2018). Toprak et al. (2008) showed that, 
after 72 hours of dehydration, rats lost 30% of their 
body weight and that diatrizoate (6 ml/kg administered 
intravenously after dehydration) significantly increased 
serum creatinine and urea levels compared to those 
in the control group. In our study, serum urea and 
creatinine levels were significantly higher in the CM 
group compared to the C group. 

Hazman et al. (2018) induced nephrotoxicity with 
cisplatin and administered different doses of boric 
acid. There were no significant differences in serum 
urea or creatinine levels upon treatment with cisplatin 
alone or 100 mg/kg boric acid. However, serum urea 
and creatinine levels were increased significantly in the 

FIGURE 5 - (a) Severe tubular necrosis in CM group rats 
(H&E, 200×). (b) Numerous proteinaceous casts in tubular 
lumens in CM group rats. The tubules were dilated with 
numerous proteinaceous casts (H&E, 400×). (c) Medullary 
congestion and moderate tubular necrosis (H&E, 200×). 
H&E: hematoxylin-eosin.
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200 mg/kg boric acid-treated group compared to the 
cisplatin-treated group. This study showed that high-dose 
boric acid has an additional nephrotoxic effect. However, 
the protective effect of decreased apoptosis against 
nephrotoxicity was significantly higher in the 200 mg/kg 
boric acid-treated group only. In our study, there were no 
significant differences in serum urea or creatinine levels 
between the CM group and the CMB group (administered 
200 mg/kg boric acid). There was no protective effect of 
boric acid against CMN in kidney tissues. In other words, 
no nephroprotective or nephrotoxicity-enhancing effect 
of boric acid was observed. Contrary to our work, Cengiz 
(2018) showed that boric acid administration significantly 
reduced serum creatinine levels after cyclophosphamide-
induced renal damage.

Guss et al. (2017) showed that serum urea levels did 
not decrease but that serum creatinine levels decreased 
after quercetin was administered to the contrast 
nephropathy group. In our study, we showed that both 
serum urea and creatinine levels were decreased. This 
may be due to the higher dose of quercetin used in our 
study. Hou et al. (2014) showed that the same dose of 
quercetin as that used in our study significantly decreased 
serum urea and creatinine levels in nephrotoxicity 
induced by dichlorvos.

NO has an important role in homeostasis under 
normotensive and hypertensive conditions in the kidney. 
Free NO in the plasma is oxidized into nitrite in a few 
hours and is then quickly converted to nitrate (Butov et 
al., 2016). Nitrite and nitrate are important indicators 
of NO in the blood (Rassaf, Feelisch, Kelm, 2004). 
Renal hypoxia and increased reactive oxygen products 
induced by high oxidative stress have been shown to play 
important roles in the pathogenesis of CMN. It has been 
reported that renal medullary hypoxia and free oxygen 
radicals cause direct tubular toxicity. It has also been 
found that contrast agents also produce tubular damage 
through a direct cytotoxic effect (Seeliger, Persson, 2019). 
It has been shown that NO and its metabolites, nitrite and 
nitrate, are increased during hypoxia and high oxidative 
stress in CMN. It has been suggested that nitrite and 
nitrate, which have vasodilator effects, are increased 
to prevent ischemia (Atanda, Olafiranye, 2017; Rassaf 
et al., 2014; Murillo et al., 2011). In our study, serum 

nitrite and nitrate levels were significantly increased in 
the CM group, as has been reported in the literature. 
Several studies have shown that antioxidant agents play 
a protective role against CMN formation by reducing 
reactive oxygen products (Toprak et al., 2008; Hong et al., 
2017; Samadian et al., 2018; Deng et al., 2015). İnce et al. 
(2010) found that a 100 mg/kg dose of boric acid had no 
effect on NO levels. Similarly, no significant differences 
in serum nitrite or nitrate levels were found between 
the CMB group and the CM group in our study. It is 
known that quercetin both clears free oxygen radicals 
(antioxidant effect) and inhibits NO production (anti-
inflammatory effect) (Aluani et al., 2016; Ebihara et al., 
2018). In our study, serum nitrite and nitrate levels were 
significantly decreased in the CMQ group compared to 
the CM group.

Contrast media directly effects renal tubular cells. 
Irregularities in glomerular structures, dilatation of the 
tubules, and separation and distortions of the tubular 
epithelium occur after CMN (Yang et al., 2018; Yao 
et al., 2013). In our study, severe tubular necrosis 
was observed in the contrast nephropathy group. 
However, mild histopathological changes in medullary 
congestion and proteinaceous casts were. Quercetin 
has been shown to have a pronounced curative effect 
on tubular necrosis in contrast-induced nephropathy. 
Boric acid only slightly improved tubular necrosis and 
proteinaceous casts, but did not have any significant 
protective effect.

In conclusion, it has been observed that boric acid 
does not have a protective effect on contrast media-
induced nephropathy but does not increase the severity 
of nephropathy. The dose of boric acid used in this study 
may have been insufficient, or the application route may 
not have been effective; hence, more detailed studies are 
needed. However, quercetin showed protective effects 
against contrast nephropathy. In conclusion, our study 
should be supported by advanced experimental and 
clinical studies.
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