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Can hydration protect against intravenous contrast-induced
acute kidney injury?
Hidratagdo pode proteger contra injiiria renal aguda induzida por contraste intravenoso?
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Abstract

Resumo

Objective: To evaluate the effect of saline hydration on contrast-induced acute kidney injury in a rat model of diabetes mellitus.
Materials and Methods: This was a quantitative, preclinical experimental study. A total of 28 male Wistar rats were randomized into
four groups: citrate (control); diabetes mellitus-only; diabetes mellitus + iodinated contrast (6 mL/kg iothalamate meglumine); and
diabetes mellitus + iodinated contrast + saline (NaCl 0.9%, 12 mL/kg). Physiological parameters, renal hemodynamics, inulin clear-
ance (as a proxy for renal function), urinary albumin, and oxidative injury were assessed. Statistical significance was set at p<0.05.
Results: In the diabetes mellitus-only group, there was sustained hyperglycemia, weight loss, polyphagia, polyuria, polydipsia, and
renal hypertrophy, with significant differences in comparison with the control group. In the diabetes mellitus + iodinated contrast
group (in comparison with the diabetes mellitus-only group), there was an additional reduction in the mean renal blood flow (2.1 +
0.7 mL/min vs. 6.9 + 0.8 mL/min), greater mean renal vascular resistance, lower mean inulin clearance (0.17 £ 0.02 mL/min vs.
0.85 + 0.13 mL/min), and a higher mean level of urinary neutrophil gelatinase-associated lipocalin (318.1 + 52.6 pg/mL vs. 42.2
+ 42.6 pg/mL), together with higher hydrogen peroxide concentrations, as well as elevated lipid peroxidation and thiol consumption
in renal tissue. Pretreatment with saline hydration averted those changes (p < 0.05 for all).

Conclusion: Saline hydration attenuated the impairment of renal function and hemodynamics by reducing redox imbalance in
contrast-induced acute kidney injury.

Keywords: Diabetes mellitus; Kidney/drug effects; Kidney diseases/chemically induced; Contrast media; Risk factors; Primary
prevention.

Objetivo: Avaliar o efeito da hidratacéo salina na injiria renal aguda induzida por contraste no fator de risco diabetes mellitus em
ratos Wistar machos.

Materiais e Métodos: Estudo experimental quantitativo e pré-clinico. Um total de 28 animais foi randomizado em quatro grupos:
citrato-controle; diabetes mellitus; diabetes mellitus + contraste iodado (6 mL/kg de ioxatalamato de meglumina); diabetes mellitus
+ contraste iodado + soro fisiologico (NaCl 0,9%, 12 mL/kg). Foram avaliados parametros fisiologicos, hemodinamica renal, funcao
renal, albumina urinaria e lesao oxidativa. A significancia estatistica foi definida em p<0,05.

Resultados: Foram observadas hiperglicemia sustentada, perda de peso, polifagia, polilria, polidipsia e hipertrofia renal no grupo
diabetes mellitus. O contraste iodado contribuiu para a reducao do fluxo sanguineo renal adicional (2,1 + 0,7 mL/min vs. 6,9 + 0,8
mL/min), aumento da resisténcia vascular renal, diminuicao do clearance de inulina (0,17 + 0,02 mL/min vs. 0,85 + 0,13 mL/
min) e aumento na lipocalina associada a gelatinase neutrofilica urinaria (318,1 + 52,6 pg/mL vs. 42,2 + 42,6 pg/mL), além da
elevacao da concentracao de peroxido de hidrogénio, aumento da peroxidacao lipidica e do consumo de tiol no tecido renal. O pré-
tratamento com a hidratagao salina reverteu esses parametros (p < 0,05).

Conclusao: A hidratacao salina atenuou o comprometimento da funcao e da hemodinamica renais, ao reduzir o desequilibrio redox
na injdria renal aguda induzida por contraste.

Unitermos: Diabetes mellitus; Rim/efeitos dos farmacos; Meios de contraste; Fatores de risco; Prevencao primaria.

INTRODUCTION

In recent years, the use of iodine-based contrast agents  as contrast-induced acute kidney injury (CI-AKI) have
in computed tomography and angiographic examinations emerged as significant complications in radiology clinical
has become an indispensable tool in the clinical diagnosis  practice'". In various settings, particularly during coronary

of various diseases. In this context, adverse events such interventions, CI-AKI is considered an iatrogenic event.
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According to Mehran et al.'"’ and the Kidney Disease:
Improving Global Outcomes acute kidney injury work
group(z), CI-AKI is defined as an increase in serum cre-
atinine of > 25% or > 0.5 mg/dL within the first 72 h after
exposure to iodinated contrast media'"?).

The incidence of CI-AKI is 2—12% among presumably
euvolemic patients and can be up to 50% among patients
with risk factors®. Diabetes mellitus (DM) is considered
an important risk factor because sustained hyperglyce-
mia can be mediated by activation of endothelin and the
hypersensitivity of renal vessels to adenosine, which to-
gether result in vasoconstriction®®. In addition, the use
of iodinated contrast induces direct cellular toxicity that
favors the formation of reactive oxygen species through
enzymatic and non-enzymatic mechanisms that include
the Fenton reaction catalyzed by unbound iron and the
endogenous consumption of antioxidants'".

Intravenous or oral hydration is an appropriate, safe
measure that is universally accepted®®. Chien et al.”
demonstrated that pretreatment with 4 mL/kg of 0.9%
NaCl was renoprotective in CI-AKI due to gadolinium
exposure. In addition, a preclinical study of CI-AKI envi-
sioned pretreatment with intravenous saline solution and
oral hydration, the combination of which was found to im-
prove renal function and tissue recovery®,

Given that CI-AKI is a potentially preventable adverse
event and needs to be considered in patient safety pro-
tocols, the aim of the present study was to elucidate the
hemodynamics and oxidative mechanisms involved in CI-
AKI in the context of DM as a risk factor, as well as to
assess saline hydration as a low-cost alternative for treat-
ment of the condition.

MATERIALS AND METHODS
Study design

Adult male Wistar rats were obtained from the Cen-
ter for the Development of Experimental Models for
Medicine and Biology, in the city of Sdo Paulo, Brazil, and
housed in transparent polycarbonate cages. The animals
were maintained in a temperature- and humidity-con-
trolled environment (24°C and 60% relative humidity), on
a 12/12-h light/dark cycle, with free access to water and
rat chow (Nuvilab CR-1; Nuvital Nutrientes Ltda., Co-
lombo, Brazil). They were randomized into four groups (n
= 7 per group): the citrate (control) group, in which citrate
buffer was administered intravenously (0.01 M, pH 4.2,
into the caudal vein) on day 1, after which the animals
were maintained in controlled conditions for four weeks;
the DM-only group, in which DM was induced by intrave-
nous administration of streptozotocin (65 mg/kg, diluted
in 0.01 M citrate buffer, pH 4.2) on day 1¥); after which
the animals were maintained in controlled conditions for
four weeks; the DM + iodinated contrast (DMIC) group,
in which DM was induced as in the DM group and the
animals received an intraperitoneal injection of iothala-
mate meglumine (6 mL/kg) on day 26; and the DM +

2

iodinated contrast + saline hydration (DMICSH) group,
in which DM was induced as in the DM group and the
animals were treated with intraperitoneal saline hydration
(NaCl 0.9%, 12 mL/kg) from day 23 to day 28; that is,
before and after receiving iodinated contrast on day 26.
Because this was an experimental study, the comparison
between groups allowed us to isolate the effects that DM,
contrast administration, and hydration each have on renal
function. Given that the animals were randomly allocated
and shared the same genetic background and age range,
initial homogeneity among the groups was assumed. The
procedures were conducted in accordance with the Ethi-
cal Principles of Animal Experimentation adopted by the
Brazilian College of Animal Experimentation. The study
was approved by the Ethics Committees on the Use of Ani-
mals of the Federal University of Sdo Paulo (Reference no.
4438210119) and of the Nursing School of the University
of Sao Paulo (Reference no. 1269/2019).

Blood sample collection and euthanasia

On day 28 of the protocol, at 48 h after contrast ad-
ministration, the animals were placed in metabolic cages
for 24-h urine collection. On day 29, at 72 h after con-
trast administration, the rats were anesthetized with intra-
peritoneal injections of xylazine (10 mg/kg) and ketamine
(90 mg/kg), thereafter undergoing a surgical procedure
to measure renal function and hemodynamics. A blood
sample was then collected through abdominal aorta punc-
ture, and the kidneys were prepared for quantification of
antioxidant enzymes. The rats were euthanized by physical
exsanguination, in accordance with the ethical standards

for animal experimentation?.

Determination of renal hemodynamics

Renal blood flow (RBF) was measured with an ultra-
sonic flow meter (T402; Transonic Systems Inc., Ithaca,
NY, USA) placed around the isolated renal artery. To de-
termine renal vascular resistance (RVR), mean arterial
pressure (MAP) and RBF were measured through a PE-60
catheter inserted into the left carotid artery. The RVR was
calculated with the following formulaV:

RVR = MAP/RBF

Quantification of renal function

Renal function was assessed by measuring inulin clear-
ance (mL/min). Rats received 100 mg/kg of body weight of
inulin solution (20 mg/mL), followed by continuous infu-
sion of 0.04 mL/min of inulin solution (6 mg/mL) into the
right jugular vein through a PE-60 catheter. After a 30-min
equilibration period, three urine samples were collected
through the bladder catheter, and two blood samples were
obtained from the carotid artery catheter. Serum and uri-
nary inulin were measured with the anthrone method"'?.
Serum creatinine concentrations were measured with the
Jaffe method"®. Elevated urinary neutrophil gelatinase-
associated lipocalin (NGAL), which is considered an early
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biomarker of CI-AKI, has high specificity for tubular injury
and occurs 2—4 h after contrast infusion, unlike the rise
in creatinine, which occurs 24-72 h after contrast infu-
sion. We analyzed NGAL with a commercially available
kit (Rat-NGAL ELISA kit; BioVendor R&D, Brno, Czech
Republic). Albumin concentrations in 24-h urine samples
were also assessed with a commercially available kit (Rat
Albumin ELISA kit; Bethyl Laboratories, Montgomery, TX,
USA). Both kits were employed as previously described®.

Determination of the oxidative profile

Urinary peroxides are biomarkers of oxidative stress,
and their elevated concentrations in urine may indicate
renal tubular injury. In this study, urinary peroxides were
determined with the ferrous oxidation-xylenol orange
method, version 2, and the values were corrected for uri-
nary creatinine!'®. Glutathione is present in all cells and
constitutes the main redox buffer, its biological functions
being centered on the thiol group. To complement the as-
sessment of oxidative stress, thiols were analyzed according
to the following principle: the greater the degree of oxida-
tive stress is, the higher will be the levels of oxidized thiols
and the lower will be the concentration of thiols in renal tis-
sue. Non-protein soluble thiols in the kidney were assessed
by tissue homogenization in 1 mL of a solution contain-
ing 10 mM sodium acetate, 0.5% Tween 20, and 100 pM
DTPA (pH 6.5). The thiols were quantified on the basis of
their mean absorbance at 412 nm!'>. Malondialdehyde is
a byproduct of the oxidative chain after lipid peroxidation
of the cell membrane and is considered a biomarker of oxi-
dative stress. Lipid peroxidation levels of malondialdehyde
were determined by measuring thiobarbituric acid reactive
substances (TBARS). To quantify peroxidation, 0.4 mL of
a urine sample mixed with 0.6 mL water were added to a
reaction mixture consisting of 1.0 mL of 17.5% trichloro-
acetic acid and 1.0 mL of 0.6% thiobarbituric acid. The so-
lution was read in a spectrophotometer at 535 nm‘'®,

Statistical analysis

Quantitative data are expressed as mean + standard
error of the mean. One-way analysis of variance of the
means was carried out, and confidence intervals were cal-
culated. Pairwise comparisons were made with Tukey’s
post hoc test. All statistical analyses were performed with

GraphPad Prism, version 8 (GraphPad Software; San Di-
ego, CA, USA). Statistical significance was set at p < 0.05.

RESULTS
Effects of saline hydration on physiological parameters

Figure 1 shows the mean weekly blood glucose and
body weight. In the DM-only, DMIC, and DMICSH groups
(i.e., the experimental groups), both of those parameters
differed significantly from what was observed for the con-
trol group (p < 0.05 for all).

Table 1 shows the indicators of physiological param-
eters such as polydipsia, polyphagia, and polyuria, with
greater water intake, food intake, and urine output being
observed in the experimental group rats, which also devel-
oped kidney hypertrophy (p < 0.001). Kidney weight and
the kidney weight/body weight ratio were both lower in the
DMICSH group than in the DMIC group (p < 0.05).
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Figure 1. Body glucose and body weight over a four-week period. Data are
mean + standard error of the mean for each group.
* p < 0.001 vs. control.

Table 1—Physiological parameters before and after CI-AKI, showing the effect of pretreatment with saline hydration.

Intake
Kidney weight Kidney weight/Body weight ratio Food Water Urine output
() (x 1073) (/24 h) (mL/24 h) (mL/min)

Group n Mean + SEM Mean + SEM Mean + SEM Mean + SEM Mean + SEM
Control 7 1.39 +0.18 0.37 £ 0.04 22+2 28+4 0.012 + 0.005
DM-only 7 1.57 + 0.15% 0.60 + 0.05* 33+ 4% 114 + 27* 0.046 + 0.016*
DMIC 7 1.72 +£0.21%1 0.69 £ 0.10* 36 +5%,1 132 £ 27* 0.053 + 0.015*
DMICSH 7 1.46 + 0.10%,* 0.56 + 0.07** 57 + 16%,F 151 + 69* 0.070 + 0.026*

SEM, standard error of the mean. * p < 0.001 vs. control. Tp < 0.001 vs. DM. ¥ p < 0.001 vs. DMIC.
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Pretreatment with saline hydration attenuated the
decrease in RBF after CI-AKI in rats with DM

As can be seen in Table 2, the mean heart rates were
significantly higher in the experimental groups than in
the control group (p < 0.05 for all). In addition, the mean
MAP was significantly lower in the DMIC group than in
the DM-only group (p < 0.05). Furthermore, the RBF was
significantly lower in the experimental groups than in the
control group (p < 0.05 for all). Moreover, the mean RBF
was significantly lower in the DMIC group than in the
DM-only group (p < 0.001), whereas it was significantly
higher in the DMICSH group than in the DMIC group (p
< 0.05). However, the mean RVR was significantly higher
in the experimental groups than in the control group (p
< 0.001 for all), as well as being significantly higher in
the DMIC group than in the DM-only group (p < 0.001),
whereas it was significantly lower in the DMICSH group
than in the DMIC group (p < 0.05).

Table 2—Hemodynamic parameters before and after CI-AKI, showing the effect
of pretreatment with saline hydration.

Heart rate MAP RBF RVR
(bpm) (mmHg) (mL/min) (mmHg/mL/min)
Group n Mean+SEM Mean + SEM Mean = SEM Mean + SEM
Control 7 331+54 83+11 6.9+0.8 101+2.3
DM-only 7 453 +53* 101 + 10 4.3 +2.0* 26.3+2.3*
DMIC 7 318 + 691 77 £ 10t 21+0.7%,1 32.0+9.2%1
DMICSH 7 574 +21* 1% 87 +14 4.7+ 1.3% 19.8 +5.0%,1*

SEM, standard error of the mean. * p < 0.001 vs. control. Tp < 0.001 vs. DM.
*p < 0.001 vs. DMIC.

Pretreatment with saline hydration attenuated the
impairment of renal function after CI-AKI in rats
with DM

Table 3 shows the renal function parameters evaluated.
The mean serum creatinine level was higher in all three ex-
perimental groups than in the control group (p < 0.05). Our
finding that inulin clearance was > 50% lower in the DMIC
group than in the DM-only group is indicative of serious
impairment of the glomerular filtration rate in the former.
In addition, inulin clearance was higher in the DMICSH
group than in the DMIC group (p < 0.05). Furthermore,
urinary NGAL was lower in the DMICSH group than in
the DMIC group (p < 0.05). Moreover, urinary albumin was

Table 3—Renal function before and after CI-AKI, showing the effect of pretreat-
ment with saline hydration.

Serum Insulin Urinary Urinary
creatinine clearance NGAL albumin
(mg/dL) (mL/min) (pg/mL) (ng/24 h)
Group n Mean + SEM Mean + SEM Mean + SEM  Mean + SEM
Control 7 0.31+0.12 0.85+0.13 422 +42.6 0.52 +0.27
DM-only 7 0.70+0.07*  0.50 £ 0.12* 1482 +37.7 2.89+0.74*
DMIC 7 111+048*" 0.17+0.02%" 318.1+52.6%1 3.51+0.91*
DMICSH 7 0.80+0.03*F 0.32+0.01%7% 149.7+422% 3.3+0.35*

SEM, standard error of the mean. * p < 0.05 vs. control. T p < 0.05 vs. DM-only.
*p < 0.05 vs. DMIC.
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higher in all three experimental groups than in the control
group (p < 0.05), an alteration that was mitigated by pre-
treatment with saline hydration.

Pretreatment with saline hydration attenuated the
increase in oxidative stress after CI-AKI in rats with
DM

The mean concentration of hydrogen peroxide (in
nmol/g creatinine) was higher in the DMIC group than
in the control group (11.38 + 3.77 vs. 2.77 + 1.20, p <
0.05). In the group that received pretreatment with hydra-
tion (the DMICSH group), the mean concentration of hy-
drogen peroxide was lower than it was in the DMIC group
(3.02 £ 1.31 vs. 11.38 + 3.77, p < 0.05), as illustrated in
Figure 2A. As shown in Figure 2B, the mean TBARS level

(in nmol/g creatinine) was higher in the DM-only group
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Figure 2. Effect that pretreatment with saline hydration has on the oxidative
profile. a: Urinary peroxides. b: Urinary TBARS; c: Thiol levels.

CR, creatinine. Data are mean * standard error of the mean for each group.

* p < 0.001 vs. control. T p < 0.001 vs. DM-only. ¥ p < 0.001 vs. DMIC.
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than in the control group, as well as being higher in the
DMIC group than in the DM-only group (DMIC: 10.80
+ 1.92; DM-only: 5.23 + 2.80; and control: 1.06 + 0.09,
p < 0.05 for all). However, the mean TBARS level in the
DMICSH group (0.78 + 0.23) was lower than that ob-
served for the DMIC and DM-only groups (p < 0.05). In
addition, the mean thiol concentration (in nmol/mg total
protein) was lower in the DM-only and DMIC groups than
in the control group (DM-only: 14.97 + 2.83; DMIC: 9.01
+2.90; and control: 26.48 = 11.17, p < 0.05 for both), as
depicted in Figure 2C. In the DMICSH group, the mean
thiol concentration was 51.64 + 18.06 nmol/mg, higher
than the DMIC group value (p < 0.05).

DISCUSSION

In this study, we have evaluated the renoprotective
capacity of saline hydration against CI-AKI, considering
DM as a risk factor. The pathophysiological mechanisms
of CI-AKI include oxidative stress and vasoconstriction.
Therefore, research on low-cost methods that promote
renoprotection is still of great importance. We found that
saline hydration protected renal function and hemody-
namics, as well as maintaining kidney perfusion and miti-
gating oxidative stress damage, in animals with DM that
received iodinated contrast.

Approximately 20% of individuals with DM develop di-
abetic nephropathy (i.e., have significant underlying kidney
damage) 10-20 years after diagnosis. Among those receiv-
ing iodinated contrast, which is administered in various im-
aging tests employed in individuals with DM, the reported
incidence of CI-AKI ranges from 5.7% to 24.9%"'7-19),

Although high-osmolar contrast media are no longer
recommended in clinical practice, especially for high-risk
patients such as those with DM, the present study aimed
to elucidate the pathophysiological mechanisms of CI-AKI
in this context. The objective was to demonstrate renal
vulnerability to nephrotoxic insults using an experimental
model that represents the gold standard for investigating
this mechanism. Recent studies have shown features simi-
lar to those observed in the present study™?.

In animals with DM, weight loss is one of the general
indicators of metabolic regulation of the pathogenesis,
because gluconeogenesis is stimulated to compensate for
reduced glucose levels due to the unavailability of insulin,
rendering the body unable to respond fully to insulin®®. In
addition, sustained hyperglycemia consists of a metabolic
syndrome related to insulin resistance associated with hy-
pertension, elevated LDL/triglycerides, and reduced HDL,
with an increased risk of obesity and greater susceptibil-
ity to cardiovascular diseases?**". In the present study,
we observed polydipsia and polyphagia, which are related
to cellular energy imbalance caused by sustained hyper-
glycemia, as well as polyuria resulting from hemodynamic
changes driven by glomerular hyperfiltration. In this con-
text, the thickening of the basement membrane promotes

Radiol Bras. 2025;58:€20250017

the accumulation of proteins in the extracellular matrix
and the expansion of the mesangial matrix, thus promot-
ing tubular growth and inducing disruption of the sodium/
glucose transporter in favor of the osmotic nature of water
excretion®?,

When exposed to high-osmolar contrast, tubular cells
that are already deregulated by excess glucose suffer the
insult of direct toxicity of iodinated contrast through the
release of endothelin and vasoconstrictor prostaglandins
that increase intracellular calcium levels and change cell
polarity, thus inducing osmotic nephrosis?®. In rats with
DM followed for three months, urinary volume was found
to increase, and that increase became more pronounced
after a nephrotoxic drug was administered®. In the pres-
ent study, we found that the metabolic changes induced
by DM in combination with iodinated contrast administra-
tion were prevalent in the maintenance of kidney injury.
However, saline hydration prevented the advancement of
renal hypertrophy, as assessed by determining the kidney
weight/body weight ratio. That phenomenon contributes
to blocking protein accumulation in the extracellular ma-
trix, as well as to mesangial matrix expansion and glomeru-
lar basement membrane thickening?%22),

Although numerous studies have investigated saline
hydration and its adjuvants with the aim of preventing CI-
AKlI in clinical practice?*?) | few studies have assessed the
hemodynamic mechanisms of the nephroprotective effect
provided by various substances®'". Our study demon-
strated an increase in RVR and a decrease in RBF in rats
with DM, both of which intensified in the rats with DM
that received iodinated contrast, confirming the imbal-
ance between vasoconstrictor and vasodilator substances
caused by iodine toxicity. Therefore, the pathogenesis of
CI-AKI associated with DM stands out due to constant
hypoxia and the accumulation of hypoxia-inducible fac-
tor. These events can stimulate the renin-angiotensin
system, enabling endothelin synthesis through prolonged
hypoperfusion. This process results in the release of other
vasomotor substances, such as adenosine, which further
stimulates constriction of the renal arterioles and mesan-
gial cells'®. We found that saline hydration promoted re-
nal perfusion, reducing RVR and increasing RBF in the
animals that were induced to CI-AKI. Studies have dem-
onstrated that oral or intravenous hydration before pro-
cedures involving the administration of nephrotoxic sub-
stances can be nephroprotective because of the action of
vasodilators such as prostaglandin-1 and nitric oxide via
nitrogen dioxide reduction, thus contributing to vasomo-
tor balance®®2?®), Renal hypoperfusion is typically asymp-
tomatic, rendering the diagnosis of CI-AKI particularly
challenging—even among high-risk populations such as
individuals with DM. Consequently, it is imperative that
the multidisciplinary team remain vigilant in monitoring
renal function, regulating the volume of contrast adminis-
tered and implementing appropriate hydration protocols.
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These preventive strategies aim to minimize the need for
renal replacement therapy and to reduce the risk of pro-
gression to chronic kidney disease.

In the animals with DM in our study, serum creatinine
and urinary NGAL were elevated, whereas inulin clearance
(the gold standard for assessing the glomerular filtration
rate) was reduced in those who received contrast. Overex-
pression of NGAL is related to intensive oxidative stress,
and saline hydration was found to protect against such
overexpression, as well as against the changes observed in
other parameters. Elevated urinary NGAL has been used
as an early biomarker of AKI because it has good specific-
ity and sensitivity. It has been demonstrated that, in emer-
gency departments, urinary NGAL is elevated within the
first 3 h after kidney injury, thus preceding elevation of
the creatinine concentration, which occurs 48—72 h af-
ter contrast infusion. Therefore, AKI care algorithms can
be initiated earlier on the basis of urinary NGAL than on
that of serum creatinine, and the former is considered an
excellent predictor of clinical outcomes such as death and
the need for dialysis after hospital admission®?. Although
urinary albumin was elevated in the animals with DM in
our study, iodinated contrast administration had no effect
on that variable, demonstrating that it is associated only
with the pathogenesis of chronic DM®,

In the present study, oxidative stress was an important
agent in the pathophysiology of CI-AKI. Among the ani-
mals with DM that received iodinated contrast, the data
related to TBARS and urinary peroxides are indicative of
intense oxidative injury. Depletion of adenosine triphos-
phate signals exacerbated oxygen consumption that results
in medullary hypoxia, inducing lipid peroxidation, accu-
mulation of cellular proteins via the hypoxia-inducible
factor, and necrosis, as well as apoptosis of nuclear and
mitochondrial DNA®?, Therefore, reactive oxygen species
are considered new biomarkers for oxidative injuries®?.
Studies have shown that increased hydrogen peroxide
and superoxide are associated with worsening renal func-
tion™®!1:27) However, an analysis of thiol levels by glutathi-
one peroxidase inferred the consumption of the endoge-
nous protective substrate of antioxidant enzymes. Numer-
ous investigations have shown that redox imbalance plays
a role in nephrotoxic kidney injury™®*'Y. Our data show
that saline hydration has an indirect antioxidant effect
that prevents the generation of reactive oxygen species.
The mechanism of that might involve increasing perfusion
via greater RBF in the endothelium, which promotes the
release of anti-inflammatory cytokines, thus minimizing
oxidative damage*?%. In a study that assessed five hydra-
tion protocols for the prevention of cisplatin nephrotoxic-
ity, saline hydration was found to be superior and to ex-
hibit indirect antioxidant activity through a reduction in
malondialdehyde levels®®®.

A comprehensive understanding of the molecular
pathophysiology underlying CI-AKI supports evidence-
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based clinical decision-making for early diagnosis and fa-
cilitates the development of preventive strategies in high-
risk patients, including the use of antioxidant approaches
such as saline hydration, which can mitigate adverse renal
outcomes. The clinical guidelines of the European Society
of Urogenital Radiology recommend saline hydration as
the primary preventive strategy for patients at increased
risk of CI-AKI, such as those with DM. The standard pro-
tocol involves the administration of normal saline at 1 mL/
kg of body weight per hour, beginning at least 3—4 h before
and continuing for 6 h after the procedure. In addition to
hydration, other prophylactic measures are recommended,
including minimizing the contrast dose, preferring low-os-
molar contrast agents, and, when feasible, opting for diag-
nostic or therapeutic alternatives that do not require con-
trast media®®. From a translational standpoint, our data
underscore the importance of an individualized approach
based on the identification of risk factors by a multidisci-
plinary team and contribute to the consolidation of saline
hydration as an effective, highly reproducible measure for
the prevention of CI-AKI.

Given the increase in the number of patients with co-
morbidities such as DM, which is associated with the need
for interventional examinations involving contrast admin-
istration®®3%  there is a need for data such as those from
this study, which characterize saline hydration as a low-
cost preventive measure with indirect antioxidant activity,
as well as the capacity to reestablish renal hemodynamics.
However, there is also a need for further studies to eluci-
date the molecular and cellular mechanisms of the saline
hydration protocol.

CONCLUSION

Numerous clinical studies have evaluated the nephro-
protective effect of saline hydration in patients undergo-
ing procedures involving the administration of iodinated
82531 In this preclinical experimental study, we
have elucidated the main mechanisms involved in saline

contrast

hydration. We found that it preserved renal function, in-
creasing inulin clearance by increasing RBF and reducing
the redox imbalance.

Acknowledgments

This work was supported in part by the Fundac¢io de
Amparo a Pesquisa do Estado de Sao Paulo (Fapesp), Grant
nos. 2019/07968-7 and 2016/06302-7).

Data availability

The data supporting the results of this study are pub-
lished in the body of this article.

REFERENCES
1. Mehran R, Nikolsky E. Contrast-induced nephropathy: definition,
epidemiology, and patients at risk. Kidney Int Suppl. 2006;(100):
S11-5.
2. Kellum JA, Lameire N, Aspelin P, et al. Kidney disease: improving
global outcomes (KDIGO) acute kidney injury work group. KDIGO

Radiol Bras. 2025;58:20250017



Fonseca CD, et al. / Hydration and contrast-induced acute kidney injury

clinical practice guideline for acute kidney injury. Kidney Interna-

tional Supplements. 2012;2:1-138.

3. Coser TA, Leitdo JSV, Beltrame BM, et al. Intravenous contrast use
and acute kidney injury: a retrospective study of 1,238 inpatients

undergoing computed tomography. Radiol Bras. 2021;54:77-82.

4. Couto SMF, Fonseca CD, Watanabe M, et al. Protection of coen-
zyme Q10 against contrast-induced acute kidney injury in male dia-

betic rats. Diabetol Metab Syndr. 2021;13:69.

5. Fernandes SM, Cordeiro PM, Watanabe M, et al. The role of oxida-
tive stress in streptozotocin-induced diabetic nephropathy in rats.

Arch Endocrinol Metab. 2016;60:443-9.

6. LiY, Wang]J. Contrast-induced acute kidney injury: a review of defi-
nition, pathogenesis, risk factors, prevention and treatment. BMC

Nephrol. 2024;25:140.

7. Chien CC, Sheu M]J, Chu CC, et al. Prophylactic 0.9% saline hy-
dration inhibited high-dose gadodiamide-induced nephropathy in

rats. Hum Exp Toxicol. 2012;31:1170-8.

8. Matsunamo T, Hino K, Dosho R, et al. Efficacy of oral supplemen-
tal hydration for the prevention of contrast induced nephropathy in

rats. Jpn J Radiol. 2017;35:190-6.

9. Fonseca CD, Watanabe M, Couto SMF, et al. The renoprotec-
tive effects of heme oxygenase-1 during contrast-induced acute
kidney injury in preclinical diabetic models. Clinics (Sao Paulo).

2021;76:e3002.

10. Brasil. Ministério da Ciéncia, Tecnologia e Inovacdo. Resolucido
normativa n° 13, de 20 de setembro de 2013. Baixa as diretrizes
da pritica de eutandsia do Conselho Nacional de Controle de Ex-
perimentacdo Animal — CONCEA. Brasilia, DF: Didrio Oficial da

Unido; 26 set 2013, Secdo 1.

11. Watanabe M, Borges FT, Pessoa EA et al. Renoprotective effect of
N-acetyleysteine depends upon the severity of the ischemia reper-

fusion injury. Braz ] Med Biol Res. 2021;54:¢9941.

12. Whiter P, Samson FE. Determination of inulin in plasm and urine

by use of antrone. ] Lab Clin Med. 1954;43:45-8.

13. Owen JA, Iggo B, Scandrett F], et al. The determination of cre-
atinine in plasma or serum, and in urine; a critical examination.

Biochem J. 1954;58:426-37.

14. Halliwell B, Long LH, Yee TP, et al. Establishing biomarkers of
oxidative stress: the measurement of hydrogen peroxide in human

urine. Curr Med Chem. 2004;11:1085-92.

15. Akerboom TP, Sies H. Assay of glutathione, glutathione disulfide,
and glutathione mixed disulfides in biological samples. Methods

Enzymol. 1981;77:373-82.

16. Beuge JA, Aust SD. The thiobarbituric acid assay. Methods Enzy-

mol. 1978;52:306-7.

17. Shuka N, Hasimi E, Kristo A, et al. Contrast-induced nephropathy

[)ev |

Radiol Bras. 2025;58:€20250017

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

in interventional cardiology: incidence, risk factors, and identifica-
tion of high-risk patients. Cureus. 2023;15:¢51283.

Ruzzarin A, Muraglia S, Fabris E, et al. Impact of contrast-associated
acute kidney injury on one-year outcomes in very elderly STEMI
patients: insights from a multicenter registry in northern Italy. An-
giology. 2024;76:886-93.

Andreucci M, Faga T, Pisani A, et al. Prevention of contrast-induced
nephropathy through a knowledge of its pathogenesis and risk fac-
tors. ScientificWorldJournal. 2014;823169.

Wang N, Zhang C. Oxidative stress: a culprit in the progression of
diabetic kidney disease. Antioxidants (Basel). 2024;13:455.

Chen HM, Shen WW, Ge YC, et al. The relationship between obesity
and diabetic nephropathy in China. BMC Nephrol. 2013;14:69.
Vallon V, Thomson SC. Renal function in diabetic disease models:
the tubular system in the pathophysiology of the diabetic kidney.
Annu Rev Physiol. 2012;74:351-75.

Vemireddy L, Bansal S. Contrast-associated acute kidney injury:
definitions, epidemiology, pathophysiology, and implications. Interv
Cardiol Clin. 2023;12:489-98.

Solomon R. Hydration: intravenous and oral: approaches, princi-
pals, and differing regimens: is it what goes in or what comes out
that is important? Interv Cardiol Clin. 2020;9:385-93.

LiuY, Tan N, HuoYY, et al. Hydration for prevention of kidney injury
after primary coronary intervention for acute myocardial infarction:
a randomised clinical trial. Heart. 2022;108:948-55.

Hasanpour Z, Choopani S, Ashrafi F, et al. The effect of dextrose
hypotonic vs saline hydration on methotrexate-induced nephrotox-
icity in male and female rats. Adv Biomed Res. 2024;13:14.
Fonseca CD, Watanabe M, Vattimo MFF. Role of heme oxygen-
ase-1 in polymyxin B-induced nephrotoxicity in rats. Antimicrob
Agents Chemother. 2012;56:5082-7.

Khosravi MS, Samimiat A, Mazaheri B, et al. Hydration with man-
nitol and dextrose may promote cisplatin-induced nephrotoxicity:
test of five protocols of hydration during cisplatin therapy in rat
models. J Toxicol. 2021;2021:5547341.

European Society of Urogenital Radiology. ESUR guidelines
on contrast agents 10.0. [cited 2025 June 11]. Available from:
https://www.esur.org/wp-content/uploads/2022/03/ESUR-Guide-
lines-10_0-Final-Version.pdf.

Moitinho MS, Silva Junior JR, Cunha MB, et al. Contrast-induced
acute kidney injury in patients submitted to coronary angioplasty:
prospective cohort. Rev Esc Enferm USP. 2022;56(spe):¢20210435.
Ling W, Jiang Z, Liu K, et al. Effect of Vigileo/FloTrac system-guid-
ed aggressive hydration in acute myocardial infarction patients to
prevent contrast-induced nephropathy after urgent percutaneous
coronary intervention. Am J Cardiol. 2023;195:77-82.



