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ABSTRACT

Obijective: To evaluate the antioxidant action of N-acetylcysteine and diosmin-hesperidin in an experimental model of sepsis-
induced acute kidney injury in rats. Methods: The study used 20 Wistar adult male rats divided into the following groups: control
(laparotomy with no induction of abdominal sepsis), sepsis (experimental model of sepsis with cecal ligation and puncture),
N-acetylcysteine + sepsis and diosmin-hesperidin + sepsis. The evaluation contemplated physiological parameters (temperature,
glycemia, and average blood pressure), kidney function (creatinine clearance), oxidative stress (urinary peroxides) and kidney
histology. Results: The animals submitted to cecal ligation and puncture (sepsis) presented lower body temperature, lower average
blood pressure, reduced creatinine clearance and increased urinary hydrogen peroxide levels. Treatment with diosmin-hesperidin
improved kidney function and led to a reduction in the excretion of oxidative metabolites. Conclusion: The present study highlighted
the protective antioxidant action of diosmin-hesperidin in the experimental model of sepsis-induced acute kidney injury.
Descriptors: Acute Kidney Injury; Sepsis; Diosmin; Hesperidin; Oxidative Stress.

RESUMO

Objetivo: Avaliar a acdo antioxidante de agentes como a N-acetilcisteina e diosmina-hesperidina em modelo experimental de lesao
renal aguda induzida pela sepse em ratos. Método: Foram utilizados vinte ratos Wistar, adultos e machos, divididos nos seguintes
grupos: Controle (laparotomia sem indugao de sepse abdominal), Sepse (modelo experimental de sepse com ligadura e puncao
do cécum- LPC), N-acetilcisteina+ Sepse e Diosmina Hesperidina+ Sepse. Foram avaliados pardmetros fisiolégicos (temperatura,
glicemia e pressdo arterial média), funcdo renal (clearance de creatinina), estresse oxidativo (peroxidos urindrios) e histologia renal.
Resultados: Os animais submetidos a LPC (sepse) apresentaram reducdo da temperatura corporal, da pressao arterial média, do
clearance de creatinina e elevacdo nos niveis de peréxidos de hidrogénio urinarios. O tratamento com a Diosmina-Hesperidina
melhorou a funcdo renal com redugao na excregao dos metabdlitos oxidativos. Conclusao: Este estudo destacou a agao renoprotetora
antioxidante da Diosmina-Hesperidina no modelo experimental de lesdo renal aguda induzida pela sepse.

Descritores: Lesao Renal Aguda; Sepse; Diosmina; Hesperidina; Estresse Oxidativo.

RESUMEN

Objetivo: Evaluar la accién antioxidante de agentes como la N-acetilcisteina y Diosmina-Hesperidina en modelo experimental de
lesién renal aguda inducida por sepsis en ratones. Método: Fueron utilizados veinte ratones Wistar, adultos y machos, divididos en
los grupos: Control (laparotomia sin induccion de sepsis abdominal), Sepsis (modelo experimental de sepsis con ligadura y puncion
de ciego-LPC), N-acelsisteina + Sepsis y Diosmina Hesperidina + Sepsis. Se evaluaron parametros fisiologicos (temperatura, glucemia
y presion arterial promedio), la funcion renal (clearance de creatinina), el estrés oxidativo (peroxidos urinarios) e histologia renal.
Resultados: Los animales sometidos a LPC (sepsis) presentaron reduccion de la temperatura corporal, de la presién arterial promedio,
del clearance de creatinina e incremento de niveles de peroxidos de hidrégeno urinarios. El tratamiento con Diosmina-Hesperidina
mejord la funcion renal, reduciendo la excrecion de metabolitos oxidativos. Conclusidn: Este estudio destacé la accion renoprotectora
antioxidante de la Diosmina-Hesperidina en el modelo experimental de lesion renal aguda inducida por sepsis.

Descriptores: Lesion Renal Aguda; Sepsis; Diosmina; Hesperidina; Estrés Oxidativo.

( CORRESPONDING AUTHOR  Carolina Ferreira Vasco E-mail: carolfvasco@gmail.com )

ISy | http://dx.doi.org/10.1590/0034-7167-2017-0469 Rev Bras Enferm [Internet]. 2018;71(4):1921-7. 1921



INTRODUCTION

Acute kidney injury (AKI) is one of the most frequent and
severe physiopathological disorders in hospitalized patients, of
whom 20% to 40% are in intensive care units (ICUs)". According
to the Kidney Disease: Improving Global Outcomes (KDIGO)
guidelines, an acute kidney injury is clinically characterized by
an increase equal or superior to 0.3 mg/dL in serum creatinine
in a 48-hour period or a 1.5-fold increase in comparison with its
basal level, known or preestablished, or a urinary flux inferior
to 0.5 mL/kg.h during six hours®. There are many causes which
lead to this dysfunction, and sepsis is one of the main factors
involved in the development of the condition®.

Sepsis is a serious clinical issue defined as an intense systemic
inflammatory response provoked by the interaction between
microbial antigens and components from the innate immune
system. Activation of inflammation and coagulation pathways is
the main cause of circulatory failure and dysfunction of multiple
organs observed in sepsis®.

Many studies have demonstrated the association between AKI
and sepsis. An investigation which examined 3,147 critically ill
patients reported that around 37% of them developed sepsis;
AKI was diagnosed in 51% of the cases and associated with
41% of mortality rates in ICUs®. Another recent clinical trial
that used vasopressin or norepinephrine as a primary treatment
for sepsis showed that AKI occurred in 45% of the patients and
nearly 30% needed kidney replacement therapy?.

The unfavorable epidemiology of sepsis-induced AKI, the
need to systematize care and the urgency to treat these patients
make it necessary for the scientific community to design care
protocols and point up new therapeutic alternatives.

Despite the significant number of publications related to
sepsis, the physiopathological mechanisms involved in the
process and the main systemic mediators activated during the
event are not clear yet. It is known that hemodynamic fluctua-
tions such as hypotension and reduced renal blood flow can
induce renal ischemia and tissue hypoxia, which leads to a
decreased glomerular filtration rate. Concurrently, the expres-
sion of reactive oxygen species (ROS) impacts the cell signaling
cascade, which causes deleterious effects on kidney endothelial
and epithelial cells such as oxidative injury, characterized by
lipid peroxidation in cell membrane, protein oxidation and
DNA damage“®. These mechanisms suggest that the oxida-
tion of cell membranes leading to cell death can be the main
physiopathological process involved in sepsis-induced AKI.

Many substances with antioxidant properties are under in-
vestigation and have been incorporated into clinical practice in
an attempt to prevent sepsis-induced AKI. N-acetylcysteine and
the combination of diosmin and hesperidin stand out in this
scenario for providing antioxidant renoprotective action through
the scavenging of ROS and the induction of endogenous antioxi-
dant enzymes, such as catalase and glutathione peroxidase®1?.

Although there are many publications addressing clinical
and experimental sepsis, results showing the characteristics
of application in the treatment of this syndrome are restricted.

Taking into account that oxidative stress seems to feature
sepsis-induced AKI physiopathology and that the identification of
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drugs which may have a positive effect on the disease represents
therapeutic possibilities to protect kidney cells and contribute to
decrease mortality rates and improve the prognosis of patients
with sepsis, the present study aimed to evaluate the effect of
sepsis on the kidney function of rats and examine if drugs which
are not commonly used for this purpose but that have a proven
antioxidant effect can have renoprotective properties®.
Experimental research allows to isolate the biological variables
specifically involved in the physiopathology of kidney injury and
comes through a practical, objective and accurate model whose
results can ground the knowledge necessary for the development
of a safe practice. Nurses play a key role in the early identification
of the main signs and symptoms of sepsis in clinical practice.
A better understanding of the pathology, together with the dis-
semination of new therapeutic proposals to combat sepsis and
AKI, favor professional improvement and consolidate the idea
of nurses as reference collaborators to achieve high-quality care.

OBJECTIVE

To evaluate the antioxidant renoprotective action of N-
acetylcysteine and diosmin-hesperidin in a sepsis-induced AKI
experimental model.

METHOD

Ethical aspects

The procedures necessary for the development of the pres-
ent study are in agreement with the ethical principles adopted
by the Brazilian School for Animal Testing and were approved
by the Animal Research Ethics Committee from the Medical
School at the University of Sdo Paulo, as per protocol 378/13,
to carry out tests with animals.

Study design, setting and period

Quantitative and experimental study with an animal model
performed in the Experimental Laboratory for Animal Models
of the School of Nursing at the University of Sdo Paulo from
May to December 2015.

Sample

The experiments were executed with 20 adult male Wistar
rats, with weights ranging from 250 to 300 grams. The animals
were kept in collective cages, with free access to water and
food, appropriate thermal conditions (temperature of 24°C) and
alternate day-night cycles. The dark cycle in the experimental
animal facility was set to last approximately ten hours.

Study protocol

The animals were divided into the following groups: Control: the
rats were anesthetized with an injection of 50 mg/kg of intraperitoneal
sodium thiopental and submitted to laparotomy for cecum manipu-
lation with no puncture.; Sepsis: The rats were anesthetized with
an injection of 50 mg/kg of intraperitoneal sodium thiopental and
submitted to laparotomy and cecal ligation and puncture (CLP)"",
The procedure involved a single puncture in the cecum with a 40 x
12 mm needle. After the operation, the animals stayed in heated
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collective cages for twelve hours, with no blood and fluid replace-
ment other than the ad libitum; N-acetylcysteine (NAC) + sepsis:
the animals received NAC (Zambon-Brazil) at the dose of 150
mg/kg, through gavage, thirty minutes before the CLP procedure;
Diosmin-hesperidin (DH) + sepsis: the animals received DH (Aché
Laboratério-Brazil), at the dose of 13 mg/kg, through gavage, thirty
minutes before the CLP procedure.

Metabolic cage: after the execution of the protocol, the
animals were placed in individual metabolic cages for collec-
tion of urine after 24 hours to evaluate kidney function and
oxidative metabolites.

Physiological parameters: at the end of the 24-hour period,
the animals were anesthetized with an injection of 50 mg/kg of
intraperitoneal sodium thiopental to assess the rectal temperature
with the clinical thermometer Premium Oval® with mercury and
the average blood pressure through the puncture of the abdominal
aorta with a Scalp 21® connected to a Dixtal® pressure transducer —
multiparameter monitoring device. A blood sample was collected for
evaluation of capillary glycemia with the Accu-Chek Active® system.

Whole blood sampling: collection of terminal blood was
carried out via puncture of abdominal aorta for posterior evalu-
ation of kidney function.

Kidney function: this parameter was assessed through cre-
atinine clearance. The colorimetric method based on Jaffe’s
reaction was used to quantify the values of serum and urine
creatinine. Creatinine clearance was calculated by the follow-
ing formula: creatinine clearance = urine creatinine x 24-hour
urine flux/serum creatinine?.

Urinary peroxides: evaluation of urinary peroxides was
executed through the FOX-2 method, the use of iron — xylenol
orange, which oxidizes the Fe?* cation and thus produces a
blue-purplish complex (o = 4.3 x 10*M" cm™)113,

Kidney histology: the left kidney was removed and prepared
for histological cutting. Kidney tissues were colored with
hematoxylin-eosin and periodic acid-Schiff (PAS). Histopatho-
logical alterations were analyzed by a renal pathologist blindly.

Table 1 — Physiological parameters, Sao Paulo, Brazil, 2017
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Histological lesions, such as loss of microvilli in proximal tu-
bules, tubular cell swelling, inflammation, necrosis and tubular
regeneration, ischemic glomeruli, congestion and amorphous
corticomedullary were qualitatively graded as mild (+), moder-
ate (+ +), or severe (+ + +)14,

Analysis of results and statistics

Results were presented in the mean + standard deviation
format. Data were submitted to analysis of variance (ANOVA)
and Tukey’s test to compare the groups. The level of significance
used in the present study was p < 0.05.

RESULTS

Table 1 shows that animals with sepsis-induced by CLP
presented a reduction of rectal temperature and average arte-
rial pressure in comparison with the control group (p < 0.05).
Treatment with diosmin-hesperidin resulted in an increase in
both parameters when the results were compared to those of the
sepsis group (p < 0.05). The sepsis and DH + sepsis groups
had increased glycemia in comparison with the control group
(p < 0.05). In addition, the animals in the sepsis group had
a lower urinary flux in comparison with those in the control
group (p < 0.05).

Table 2 shows that, if urinary creatinine is analyzed separately,
the sepsis and NAC + sepsis groups presented a significant
reduction in the parameter in comparison with the control
group, while the serum creatinine in the DH + sepsis group
increased when compared to the results of these two groups
(Sepsis and NAC + sepsis) (p < 0.05). Creatinine clearance in
the sepsis and NAC + sepsis groups was significantly higher
than that in the control group (p < 0.05). Treatment with DH
was associated with an improvement in the kidney function,
as shown by the comparison with the sepsis and NAC + sepsis
groups, but a poorer kidney function than that exhibited by the
animals from the control group (p < 0.05).

Groups (n) Rectal temperature AAP Capillary glycemia Urinary vglume

(({o] (mmHg) (mg/dL) (mL/min)
Control (5) 36.1 + 0.34 85.8 + 5.89 114.2 + 50.1 0.067 + 0.001
Sepsis (5) 34.2 + 0.32° 58.8 + 5.60° 232.0 + 47.6° 0.010 + 0.006*
NAC + sepsis (5) 35.8 + 0.32 78.8 + 5.62 194.4 + 47.8 0.009 + 0.003*
DH +sepsis (5) 36.0 + 0.10° 92.0 + 0.60° 221.0 + 51.07 0.008 + 0.002*

Note: ®p < 0.05 versus control; ’p < 0.05 versus sepsis. AAP — average arterial pressure, NAC — N-acetylcysteine, DH —diosmin-hesperidin.

Table 2 - Kidney function and oxidative stress, Sao Paulo, Brazil, 2017

Groups (n) Urinary creatinine

Serum creatinine

Creatinine Urinary peroxides

(mg/dL) (mg/dL) clearance/100 g (mL/min)  (nmol/mg creatinine)
Control (5) 1049 + 8.3 0.49 + 0.19 0.64 + 0.05 2.1 + 2.2
Sepsis (5) 41.3 + 7.8° 0.74 + 0.18 0.20 + 0.04° 124 + 2.1°
NAC + sepsis (5) 38.1 + 7.92 0.69 + 0.18 0.18 + 0.04° 11.4 + 2.1°
DH +sepsis (5) 94.0 + 8.0 0.80 + 0.112 0.49 + 0.05%¢ 3.4 + 1.1%

Note: ®p < 0.001 versus control, >p < 0.001 versus sepsis, p < 0.001 versus NAC + sepsis; NAC — N-acetylcysteine.
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The rats from the sepsis and NAC + sepsis groups presented
high levels of urinary hydrogen peroxides in comparison with
the control group (p < 0.001). The administration of diosmin-
hesperidin caused a significant decrease in the results of this
parameter (p < 0.05).
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Figure 1 — Renal histology of the studied groups: control (A),
sepsis (B), NAC + sepsis (C) and DH + sepsis (D)
— Sao Paulo, Brazil, 2017 (magnification of 400x)

Figure 1 displays a histological section of each group. The renal
histology of the control group (A) is intact, with no alterations in
basal membranes and in the microvilli of proximal tubular cells.
The histology of the other groups (sepsis (B), NAC + sepsis (C)
and DH + sepsis (D)) revealed similar structural alterations, with
loss of microvilli in proximal tubules, tubular cell swelling, isch-
emic glomeruli, congestion and amorphous corticomedullary.

Table 3 exhibits the qualitative analysis of histopathological
changes in the four groups. The lesions were classified as mild
(+), moderate (+ +), or severe (+ + +).

Table 3 -
Paulo, Brazil, 2017

Classification of histopathological changes in the four studied groups, Sao
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The present study, designed to evaluate the antioxidant action
of N-acetylcysteine and diosmin-hesperidin in sepsis-induced
AKI, confirmed that the experimental sepsis model has similar
characteristics to those expressed in humans, resulting from
trauma with perforation of intestinal loops, colitis or post-surgical
peritonitis™. Characteristic symptoms of sepsis were observed,
such as hypothermia, reduction of the average arterial pressure
to values inferior to 60 mmHg, and hyperglycemia®®, reasserting
the accuracy of the CLP technique in the experimental model.

The decreased creatinine clearance and increased urinary
peroxide levels revealed the presence of AKI following sepsis,
probably triggered by an oxidation mechanism. The treatment
with diosmin-hesperidin exhibited a significant antioxidant
effect in this model of kidney injury.

The pathogenesis of this dysfunction, secondary to endotoxemia,
derives from the pro-inflammatory response, including secretion
of cytokines and ROS. In this situation, there are hemodynamic
alterations in the kidney microcirculation, with the predominance
of vasoconstrictor mediators that result in tissue hypoxia and re-
nal ischemia. The renal hypoperfusion settled in these cases is a
consequence of a reduced blood flow to the kidney and tubular
lesions provoked by inflammatory cytokines®'. In the present
study, there was a decrease in the average arterial pressure in ani-
mals in which sepsis was induced, similar to what is observed in
clinical practice®”. This is considered a characteristic sign of the
syndrome and must be identified early for the medical team to plan
a quick and effective care strategy. Body temperature is another
sign of sepsis. Hyperthermia, hypothermia and the association of
these conditions are expected in the clinical picture of sepsis®®'”.
In the present investigation, hypothermia prevailed in the animals
submitted to sepsis, and only the group treated with diosmin-
hesperidin showed a reversal in this
parameter. The deleterious effects of
hypothermia in patients with sepsis
are not clear yet, but some authors

Groups (n)

Control Sepsis NAC + sepsis DH + sepsis

claim that low body temperature is a
factor thatimpairs self-protection when
an organism is facing the infectious

Histopathological alterations

(5) (5)
Loss of microvilli in proximal tubules - +
Tubular cell swelling - +++
Inflammation, necrosis and tubular regeneration - -
Ischemic glomeruli - ++
Congestion - +++
Amorphous corticomedullary - +

5) 5) ¢ )
process that characterizes sepsis®'¢19),
n + In addition, the data of the present
4+ 4+ study revealed high serum glycemiain
- - all the rats submitted to sepsis, a result
+ + that validates the experimental model.
++ ++ Hyperglycemia is common in critically

+ 4+ ++

ill patients even when they do not have

Five histological slides were analyzed in each group. Each slide
was divided into six areas for qualitative evaluation of the lesions.
The grades given to the areas were — (no lesion), + (mild lesion:
25% of the observed area), + + (moderate lesion: 50% of the ob-
served area), + + + (severe lesion: over 75% of the observed area).

DISCUSSION

The combination of sepsis and AKI is associated with the
development of organ failure in ICU patients.

preexisting diabetes mellitus, which
increases their morbidity and mortality
rates. This clinical condition is considered stress hyperglycemia,
resulting from the release of counterregulatory hormones, for in-
stance corticosteroids and catecholamines, and pro-inflammatory
mediators. Stress hyperglycemia is diagnosed when the glycated
hemoglobin level is higher than 6.5% or the glucose concentration
is higher than 140 mg/dL in the absence of diabetes history*%-29,
As for the kidney function, the present investigation showed
a decrease in the animals’ creatinine clearance associated with
oliguria in animals with sepsis, which confirmed severe sepsis
with AKI. The reduction in the glomerular filtration rate may
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have been triggered by the pressure difference in afferent and
efferent arterioles in glomerular capillaries, which leads to a
disproportionate increase in the vasodilation of afferent arteri-
oles in comparison with the efferent ones. This phenomenon
diminishes intraglomerular pressure and provokes a reduction
in glomerular filtration, and consequently in purification of
solutes®'. This mechanism is also observed in clinical sepsis
and is fundamental for nurses to identify the condition, because
the reduced urinary flux is considered a warning sign for sepsis-
induced AKI. The other main signs and symptoms of the syn-
drome must also be monitored by healthcare professionals, so
the care plan can be oriented to an intensive assistance, which
demands a specialized multiprofessional team®".

The present study was designed to help elucidate the differ-
ent routes involved in sepsis-induced AKI and highlighted the
importance of oxidative stress through the analysis of urinary
peroxides. The constant inflammatory response in sepsis results
in the synthesis of cytokines and excessive production of nitric
oxide, which induces severe hypotension, culminating with cell
hypoxia through systemic vasodilation. Therefore, the continuity
of the hypoxia state in kidney tubular cells favors the production
of ROS, such as hydrogen peroxide (H,0,) and the hydroxyl
radical (OH), which are harmful to the renal parenchyma®1322,
The measure of peroxide levels is considered a biomarker for the
production of H,0, and a predictive factor of the extension of
oxidative stress in in vivo experimental models??. The increase
in urinary hydrogen peroxide levels in the animals that were
submitted to sepsis in the present investigation confirmed the
presence of the oxidative lesion and emphasized it as a support-
ing element in the physiopathological mechanisms of sepsis.

In addition to the hemodynamic, functional and oxidative
alterations described in the present study, histological analysis
of the kidney tissue from the animals with sepsis revealed
characteristics that corroborate structural alterations resulting
from the clinical picture of sepsis, such as tubular lesions, cor-
ticomedullary congestion and ischemic glomeruli“®.

The present investigation evaluated the action of two antioxi-
dants, N-acetylcysteine and diosmin-hesperidin, in an attempt to
identify new therapeutic alternatives to combat sepsis-induced AKI.
N-acetylcysteine has an unbound thiol group (-SH) in its structure,
which interacts with free radicals (OH and H,O,) and enhances
the production of glutathione peroxidase, the main antioxidant
endogenous enzyme®. Despite these characteristics, the present
study did not confirm the antioxidant effect of this substance in
the reduction of urinary peroxide levels. This result may be associ-
ated with the severity of the lesion induced in the studied model.
Although N-acetylcysteine is frequently used in clinical protocols in
the prophylaxis of contrast-induced nephropathy®, several publica-
tions have reported the absence of a renoprotective action in situa-
tions of AKls associated with comorbidities, such as chronic kidney
disease and diabetes mellitus?+?>. These findings assume that the
reversal of cell and functional injuries induced by the sepsis models
requires a more comprehensive antioxidant effect, which triggers
other renoprotection pathways for the hemodynamic, physiological
and oxidative alterations resulting from this syndrome.
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In this scenario, the diosmin-hesperidin flavonoid showed
more significant effects. The recovery shown in the average
arterial pressure, creatinine clearance and body temperature,
associated with a reduction in the release of hydrogen perox-
ides, suggests an anti-inflammatory and antioxidant action of
this combination of drugs. Similar to the response observed
in clinical settings?®, the present study showed that diosmin-
hesperidin induced an improvement of 77% in the kidney
function of rats in sepsis. This outcome demonstrates that this
treatment can be useful in the clinical practice in situations
of risk of AKI in critically ill patients and may be included in
protocols to prevent this complication.

Studies have shown that kidney damage in experimental
models is potentially reversible or can be minimized the earlier
the intervention takes place®?®. Wang et al. demonstrated that
the antioxidant therapy can reverse the glomerular filtration rate
and the renal blood flow in sepsis-induced AKIs??. Addition-
ally, Santos et al. revealed that a preconditioning with statin for
five days preserved the kidney function of animals submitted
to sepsis through the CLP technique®®. Another important fla-
vonoid, resveratrol, exhibited a reduction effect on the activity
of reactive nitrogen species, decreasing the redox imbalance in
the sepsis experimental model®". Similarly, an improvement in
the kidney function, with a reduction of oxidative metabolites,
was observed in animals treated with diosmin-hesperidin and
hesperidin in models of AKI induced by nephrotoxicity by
amphotericin B©3233),

In conclusion, the present study evinced the antioxidant
renoprotective action of diosmin-hesperidin in the experimental
model of sepsis-induced AKI, demonstrated by the significant
improvement in the kidney function and hemodynamics, physi-
ological parameters and oxidative stress.

Study limitation

The present investigation was a preclinical study to elucidate
the physiopathological mechanisms involved in sepsis-induced
AKI and renoprotective drugs. Clinical trials are necessary to
incorporate antioxidants such as diosmin-hesperidin into the
care practice.

Contributions to the nursing field

The search for therapies which minimize renal damage in
the presence of sepsis has been frequent in ICUs. Nurses, as
members of a multidisciplinary healthcare team, have to assist
patients in different situations, in a coordinate and continuous
way, according to the ethical and bioethical principles of this
profession. By knowing innovative treatments that promote
better nursing care, they can help improve the quality of life
of patients with sepsis.
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