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The renoprotective effect of Tibolone in sepsis-induced acute kidney injury
Ejder Saylav Bora', Duygu Burcu Arda?, Oytun Erbas®

Introduction. Sepsis-induced acute kidney injury (AKI) remains a major challenge in intensive care, contributing
significantly to morbidity and mortality. Tibolone, known for its neuroprotective and hormonal properties, has not
been explored for its potential in AKI management. This study investigates the protective effects of Tibolone and its
underlying mechanisms involving Sirtuin-1 (SIRT1) and Yes-Associated Protein (YAP) in a rat sepsis model.

Materials and Methods. Thirty-six female Wistar albino rats underwent cecal ligation and puncture (CLP) to induce
sepsis. They were randomly assigned to control, CLP+Saline, and CLP+Tibolone groups. Tibolone was administered
intraperitoneally. Biomarkers, including Sirtuin (SIRT1), Yes-associated protein (YAP), Tumor necrosis factor (TNF-a),
High mobility group box 1 (HMGB1), malondialdehyde (MDA), creatinine, and urea, were assessed. Histopathological
examination evaluated renal damage.

Results. Tibolone administration significantly reduced plasma TNF-a, HMGB1, MDA, creatinine, and urea levels com-
pared to the CLP+Saline group. Moreover, Tibolone elevated SIRT1 and YAP levels in kidney tissues. Histopathological
examination demonstrated a significant decrease in tubular epithelial necrosis, luminal debris, dilatation, hemorrhage,
and interstitial inflammation in Tibolone-treated rats.

Conclusion. This study unveils the protective role of Tibolone against sepsis-induced AKl in rats. The improvements in
inflammatory and oxidative biomarkers and histological evidence suggest Tibolone's potential as a therapeutic inter-
vention in sepsis-associated kidney injury. The upregulation of SIRT1 and YAP indicates their involvement in Tibolone's
renoprotective mechanisms. Further investigations are warranted to explore Tibolone's translational potential in hu-

man sepsis-induced AKI.
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INTRODUCTION

Sepsis is a pathological condition characterized by
the host's dysregulated inflammatory response to an in-
fection'2. This dysregulation manifests as an imbalance
between proinflammatory and anti-inflammatory factors,
resulting in tissue damage and the subsequent develop-
ment of multiple organ dysfunction and failure*s. Sepsis
continues to be the primary contributor to morbidity and
mortality in intensive care units (ICUs) globally®’. Sepsis-
induced acute systemic inflammation triggers a series of
physiological alterations that impact organ failure, particu-
larly affecting the kidney, thereby inducing the develop-
ment of AKI. Sepsis, procedure, and cardiac failure are
recognized as prominent contributors to the development
of AKI, with sepsis being the predominant etiological fac-
tor®. In certain research investigations, sepsis has been
found to constitute over 30% of cases of AKI among pa-
tients. Moreover, sepsis tends to be associated with more
pronounced illness and elevated mortality rates’.

Oxidative and nitrosative stress contribute to the
impairment of small blood vessels in sepsis. Additional
therapies to target and resolve this problem'® are possible.
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Nitro-oxidative stress contributes to the development of
AKI caused by sepsis, and protein nitration is a signifi-
cant mechanism involved in this process'’. Antioxidants
may be a potential therapeutic option to reduce excessive
oxidative/nitrosative stress in sepsis, potentially reducing
death®.

Tibolone is an artificial steroid that exhibits estrogen-
like, progestogenic, and moderate androgenic proper-
ties' ¥, The neuroprotective effects of Tibolone have
been demonstrated to occur via the activation of the Akt/
GSK38 signaling pathway. This activation leads to a re-
duction in Tau phosphorylation in the brain and cerebel-
lum of ovariectomized rats. Additionally, Tibolone has
been found to enhance antioxidant activity in neuronal
cultures and increase the expression of the antiapoptotic
protein Bcl-2. This intervention has been used to manage
climacteric symptoms and osteoporosis among women in
the postmenopausal stage''¢. Additionally, it has demon-
strated advantageous antidepressant properties in women
experiencing menopause'’.

Sirtuins (SIRTs) are NAD+-dependent histone
deacetylases. SIRTs regulate the inflammation-related
stress response in immunological and non-immune cell
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types!8. SIRT1, the sirtuin subject to the most comprehen-
sive investigation, has been found to possess a protective
influence on sepsis-induced multiple organ dysfunction
associated with inflammation. The primary mechanisms
of action encompass the modulation of the inflammatory
response, enhancement of antioxidant capacity, and re-
duction of cellular apoptosis'®?°. The lung-protective effect
of SIRT has also been documented in various studies'*°.

The Hippo signaling pathway is a pivotal regulator
of organ size and the maintenance of tissue homeosta-
sis. Hippo kinases and adaptor proteins play a crucial
role in phosphorylation and subsequent inactivation of
Yes-associated protein (YAP) and the transcriptional co-
activator with PDZ-binding motif (TAZ), transcription
co-activators that share a close relationship?. The Hippo/
YAP pathway is important as a signaling pathway in regu-
lating organogenesis and maintaining tissue homeostasis.
YAP is a cascade effector of the Hippo circuit and is cru-
cial in transmitting mechanical stress signals. The protein
YAP plays a vital role in preserving the structural integ-
rity of the glomerular filtration barrier. Inhibition of YAP
has the potential to induce nephrotoxicity. In addition,
the activation of the YAP pathway has been observed to
facilitate hypertensive renal inflammation as well as fibro-
sis, potentially exacerbating hypertensive kidney damage.
YAP has emerged as a potential therapeutic target for the
mitigation and management of renal disorders?.

This study aimed to investigate Tibolone's protec-
tive and recovery effect and related mechanisms of AKI,
which the sepsis experimental model induces.

MATERIALS AND METHODS

Animals

This study utilized a sample of 36 female Wistar al-
bino mature rats, with an average weight ranging from
200 to 250 g. The experiments conducted in this study
were performed according to the guidelines outlined in
the Guide for the Care and Use of Laboratory Animals, as
adopted by the National Institutes of Health in the United
States, after obtaining approval from the Animal Ethics
Committee. The rats were provided with unlimited access
to food. They were kept in steel cages under controlled
environmental conditions, maintaining a temperature of
22 + 2 °C and a light/dark cycle of 12 hours each.

Experimental procedures
Rats were randomly assigned into two groups, and a

cecal ligation and puncture (CLP) procedure was per-

formed on 24 rats to induce a sepsis model. Study groups

were designed as follows:

* Group 1: normal control (nonoperative and orally fed,
n=12);

* Group 2 (CLP+Saline, n=12): CLP and % 0.9 NaCl,
intraperitoneally;

* Group 3 (CLP+Tibolone, n=12): CLP and 0.5 mg/kg/
day Tibolone, intraperitoneally.

In both Group 2 and Group 3, a volume replacement
treatment was administered. This treatment involved ad-
ministering 30 mL/kg of 0.9% NaCl within the first hour
of the surgical procedure, followed by 10 mL/kg/day of
0.9% NaCl intraperitoneally.

The treatment was divided into two equal parts at a
dose of 0.25 mg/kg/day intraperitoneally for five days,
each given every 12 hours during the day.

The study was concluded within five days. Seven rats
died during the experiment, with six succumbing to the
combined effects of cecal ligation and puncture (CLP)
and saline administration. In contrast, one rat expired due
to the combined effects of CLP and Tibolone administra-
tion. Upon the conclusion of the research, the animals
which are alive on the fifth day were subjected to eutha-
nasia. Subsequently, blood samples were obtained through
cardiac puncture for biochemical analysis. Additionally,
the kidneys were extracted to facilitate histopathological
examination.

Cecal ligation and puncture (CLP) Procedure

A midline laparotomy measuring 3 cm was conducted
under aseptic conditions in order to facilitate the visu-
alization of the cecum and its adjacent intestine. The
cecum was securely ligated using a 3.0 silk suture at its
base, located beneath the iliocecal valve, and subsequently
punctured once using a 21-gauge needle. Subsequently,
gentle pressure was applied to the cecum to expel a small
quantity of fecal matter from the perforation site. The
cecum was reinserted into the peritoneal cavity, and the
laparotomy incision was sutured closed using 4-0 poly-
glactin sutures. After undergoing surgical procedures, the
animals were given a designated period for recuperation,
after which they were subsequently placed back into their
respective cages. In the control group, rats were subjected
to aseptic conditions and underwent laparotomy without
any ligation or puncturing of their cecum. In this experi-
mental framework, rats were deemed septic five hours
after the administration of the compound CLP (ref.?).

Histopathological examination of the kidney

The kidney was surgically excised and subsequently
immersed in a 10% formaldehyde solution in 0.1 M phos-
phate-buffered saline (PBS) for three days. The kidney was
divided into two parts from the long axis. Biochemical
examinations were performed for the upper and histo-
pathological examinations for the lower half. The lower
half of kidney sections, which were fixed in formalin and
had a thickness of 5 um, were subjected to staining using
the eosin and hematoxylin method (H&E). The sections
were captured using an Olympus C-5050 digital camera
affixed to an Olympus BX51 microscope.

The morphological evaluation was conducted using a
computerized image analysis system (Image-Pro Express
1.4.5, Media Cybernetics, Inc. USA). Ten microscopic
fields per section were examined at a magnification of
x20. The observer conducting the evaluation was unaware
of the study group.
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Pathologic scoring

Kidneys embedded in paraffin were sectioned at five
um and stained with hematoxylin/eosin by standard
methods. Tubular damage was scored by calculation of
the percentage of tubules in the corticomedullary junc-
tion?* that displayed tubular epithelial necrosis, luminal
necrotic debris, tubular dilatation, hemorrhage, and in-
terstitial inflammation: score 0=0-5%, score 1=6-20%,
score 2=21-40%, score 3=41-60%, score 4=61-80%, score
5=81-100%. At least ten high-power fields (magnification,
x200) per section for each sample were examined. The
evaluation was conducted by assigning ratings to a prede-
termined scale®.

Biochemistry evaluation of urea and creatinine

The levels of creatinine and urea concentrations were
measured using a spectrophotometric method with an
automated analysis system. The levels were expressed in
milligrams per deciliter (mg/dL).

Kidney biochemical analysis

Following the process of decapitation, the organs were
expeditiously extracted and subsequently preserved at a
temperature of 20 °C until further biochemical analyses
were conducted. To perform tissue analysis, the upper
half of kidney samples were subjected to homogenization
using a glass homogenizer. The homogenization process
involved combining the kidney samples with a phosphate-
buffered saline (PBS) solution, prepared at a volume five
times greater than the tissue obtained. The pH of the PBS
solution was maintained at 7.4. After homogenization, the
resultant mixture underwent centrifugation at a centrifu-
gal force of 5,000 times the acceleration due to gravity
(5,000 g) for 15 min. The liquid portion of the sample was
gathered, and the overall quantity of proteins in kidney
tissue extracts was assessed utilizing Bradford's technique,
employing bovine serum albumin as the reference sub-
stance. The quantification of Sirtuin-1 and Yes-associated
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protein (YAP) concentrations in the supernatants of kid-
ney tissue was performed using commercially available
ELISA kits designed for rats.

Determination of TNF-a, HMGB-1 levels in plasma

The plasma levels of TNF-a and HMGB-1 were mea-
sured using enzyme-linked immunosorbent assay (ELISA)
kits that were commercially available and obtained from
Biosciences and Abcam. The measurements were carried
out according to the guidelines stipulated by the manu-
facturer.

Evaluation of lipid peroxidation

Lipid peroxidation was quantified in plasma samples
by assessing malondialdehyde (MDA) levels as a thio-
barbituric acid reactive substance (TBARS). Concisely,
trichloroacetic acid and TBARS reagent were introduced
to the plasma samples, subsequently combined, and sub-
jected to incubation at 100 °C for 60 min. After cooling
on ice, the samples underwent centrifugation at a speed
of 3000 revolutions per minute for 20 min. Subsequently,
the absorbance of the resulting supernatant was measured
at a wavelength of 535 nanometers. The MDA concentra-
tions were quantified in nanomolar units, and the assay
was calibrated using tetraethoxypropane?.

Statistical analysis

The nonparametric Mann-Whitney U test was em-
ployed to analyze all quantitative data, and the Student's
t-test was employed to assess the disparities between the
groups. The data are presented as mean values accompa-
nied by the standard error of the mean (SEM). Statistical
significance was attributed to P-values equal to or less
than 0.05.

who staysalive who staysalive

Day 4 Day5

H Placebo mTibolone

Fig. 1. Number of surviving rats in the experimental groups by day.
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RESULTS

Experimental animal demographics

The study was initiated with 12 animals in each group,
with daily recordings of surviving animals over the 5-day
experimental period. The CLP+Saline group showed a
gradual reduction in numbers (5 dead, seven survivors),
whereas the CLP+Tibolone group maintained a relatively
constant (1 dead, 11 survivors) count, as detailed in the
following (see Fig. 1).

Biochemical Analysis
Plasma Biomarkers:

A comparison of plasma markers among the control,
CLP, saline, and CLP and Tibolone groups demonstrated
significant variations.

Plasma MDA (nM): Tibolone administration signifi-
cantly decreased malondialdehyde levels compared to the
CLP and saline group (72.4 £ 5.05# vs. 161.5 = 11.4**,
P<0.0001) (Table 1).

Plasma TNF-alfa (pg/mL): Tibolone reduced TNF-
alfa levels (59.8 + 4.4##) compared to the elevated levels
in the CLP and saline group (103.7 = 16.8**, P<0.0001)
(Table 1).

Plasma HMGBI1 (pg/mL): Tibolone mitigated the in-
crease in HMGBI levels (1.2 £ 0.3#) compared to CLP
and saline (2.05 £ 0.5%, P<0.05) (Table 1).

Plasma BUN (mg/dl) and Creatinine (mg/dL):
Tibolone administration resulted in lower BUN (28.5 +
2.6##) and creatinine (0.32 = 0.1#) levels compared to the
CLP and saline group (P<0.001) (Table 1).

Kidney Biomarkers:

Kidney Sirtuin-1 (pg/mg protein): Tibolone increased
Sirtuin-1 levels (3.9 £ 0.56#) compared to the reduced
levels in the CLP and saline group (1.5 + 0.2**, P<0.0001)
(Table 1).

Kidney YAP (pg/mg protein): Tibolone elevated YAP
levels (15.6 + 1.02##) compared to the decreased levels in
the CLP and saline group (8.7 + 0.8*, P<0.001) (Table 1).

Histopathological Examination:

Histopathological evaluation of kidney sections fur-
ther supported the protective effects of Tibolone.

Tubular Epithelial Necrosis: Tibolone significantly re-
duced tubular epithelial necrosis (1.6 = 0.2##) compared
to the CLP and saline group (3.3 # 0.4*, P<0.001) (Table
2).

Luminal Necrotic Debris: Tibolone showed a decrease
in luminal necrotic debris (1.7 + 0.3#) compared to the
CLP and saline group (2.7 = 0.3*, P<0.01) (Table 2).

Tubular Dilatation: Tibolone attenuated tubular dila-
tion (1.3 = 0.3##) compared to the CLP and saline group
(2.8 £0.2*, P<0.001) (Table 2).

Hemorrhage and Interstitial Inflammation: Tibolone
exhibited protective effects against hemorrhage (0.7 *
0.3#) and interstitial inflammation (0.4 = 0.2#) compared
to the CLP and saline group (P<0.01) (Table 2).

Histological Images:

Kidney histopathology images supported the histo-
pathological findings, demonstrating decreased injury in
the CLP and Tibolone groups compared to the severe
alterations in the CLP and saline groups (Fig. 2).

Table 1. The result of biochemical analysis.

Normal control

Plasma MDA (nM) 55.6 8.2
Plasma TNF alfa (pg/mL) 15319
Plasma HMGBI1 (pg/mL) 0.9 £ 0.04
Plasma BUN (mg/dL) 22.1+0.6
Plasma Creatinine (mg/dL) 0.27£0.03
Kidney Sirtuin-1 (pg/mg protein) 4.06 + 0.1
Kidney YAP (pg/mg protein) 11.2+1.5

CLP and saline group CLP and 0.5 mg/kg Tibolone group
161.5 = 11.4 ** 72.4+£5.05#
103.7 + 16.8 ** 59.8 £ 4.4 ##
2.05+£0.5* 1.2+03#
41.3 £ 3.8 ** 28.5+ 2.6 ##
0.45+0.02 * 0.32+0.1 #
1.5+0.2 ** 3.9+0.56 #
8.7+0.8* 15.6 + 1.02 ##

Results were presented as mean £ SEM. Statistical analyses were performed by one-way ANOVA.*P<0.01, **P<0.0001 different from normal

groups; #P<0.05, ##P<0.001 different from CLP and saline group.

Table 2. Semi-quantitative evaluation of tubular injury score.

Normal control

CLP and saline group

CLP and 0.5 mg/kg/day Tibolone group

Tubular epithelial necrosis 0.1£0.1
Luminal necrotic debris 0.2£0.1
Tubular dilatation 0.1 0.1
Hemorrhage 0.1£0.1
Interstitial inflammation 0.1 +0.1

33+04* 1.6 £ 0.2 ##
27+£0.3* 1.7£0.3 #
28+0.2* 1.3+ 0.3 ##
1.5+£02* 0.7£03#
09+0.2* 04+02#

Results were presented as mean = SEM. Statistical analyses were performed by one-way ANOVA and post-hoc Bonferroni test. *P<0.001 different
from normal groups; #P<0.01, ##P<0.001 different from CLP and saline group.
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Fig. 2. Kidney histolopathology x10 (A,C,E) and x 20 (B,D,F) magnification, hematoxylin and eo-
sin (H&E) stain.
A,B: Normal group kidney, renal tubules; G, Glomerulus; C,D: CLP and saline groups was showed
severe histopathologic alteration related to tubular injury that dilatation(*) and necrosis (arrow);
E,F: CLP and 0.5 mg/kg Tibolone groups was showed decreased injury.

DISCUSSION

Sepsis is a disease state that has been continuously
studied in terms of lung and kidney damage, yet no com-
mon treatment protocol has been established. This study
not only provides strong evidence for the anabolic, anti-
inflammatory, and antioxidant effects of Tibolone but also
explains how Tibolone affects the context of YAP and
Sirtuin-1 pathways.

In a multicenter study involving a total of 29,269 criti-
cally ill patients, it was observed that septic shock (47.5%)
was identified as the primary contributing factor to AKI
(ref.?”). Furthermore, substantial evidence suggests that
the mortality rate among patients diagnosed with AKI,
particularly those necessitating dialysis interventions,
can exceed 70% (ref.?®?). Furthermore, Medieros et al.
provide a description indicating that Tibolone and 17-es-
tradiol exhibit effective augmentation of plasma atrial
natriuretic peptide (ANP) levels and ANP messenger
RNA (mRNA) levels in the left atrium?®. However, these
treatments do not restore renal levels of natriuretic pep-
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tide receptor-A (NPR-A) in female rats with estrogen defi-
ciency. As we saw, estrogen has strong anti-inflammatory
properties. This study proves the acute renal injury and
repairs with Tibolone by creatine and BUN levels. As far
as the existing body of literature is concerned, there is a
lack of studies examining the utilization of Tibolone in
cases of acute renal injury or failure. This study is the first
investigation showing the protective effect of Tibolone
in ARI.

HMGBI, a potent proinflammatory cytokine, is recog-
nized as a late-released proinflammatory mediator in the
inflammatory cascade®. The HMGB1 protein is present
in the nuclei of all cell types. Many inquiries have exam-
ined the potential advantages of utilizing antibodies or se-
lective antagonists to target HMGBI1 in various preclinical
studies of inflammation-related diseases, including sepsis
and lethal endotoxemia. These investigations have dem-
onstrated promising protective effects’*. Karaali et al.,
in a feces-induced peritonitis sepsis model in which they
searched about the effect of beta blockers in lung injury,
found, similar to our study, the augmented HMGBI1 levels



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2024 Dec; 168(4):311-318.

in the sepsis group?'. In this study, early inflammatory
markers (TNF-A, MDA) and late inflammatory markers
(HMGBI1) behaved like any inflammatory and oxidative
processes that cause inflammatory and oxidative process-
es. They went up and down when Tibolone was given to
suppress them.

Zhang et al.’? demonstrated a reduction in the ex-
pression of SIRT1 in the cell model of AKI induced by
lipopolysaccharide (LPS). The study by Qiufang Gao ob-
served the successful overexpression of SIRT1 in the HK-2
cell line, which led to an increase in cellular proliferation
and a decrease in the apoptosis rate. In a study conducted
by Fan et al.*, it was observed that the lack of SIRT1 led
to a heightened occurrence of cellular apoptosis in cases
of AKI induced by ischemia/reperfusion. Furthermore,
as an illustrative instance, in a murine model of sepsis
involving ligation and puncture, SIRT1 exhibits a mitigat-
ing effect on sepsis-induced lung inflammatory injury by
suppressing the activation pathway of the inflammasome
and reducing the synthesis of proinflammatory media-
tors’. A recent investigation has demonstrated that the
excessive expression of SIRT1 promotes the growth of
renal epithelial cells while inhibiting their programmed
cell death, thereby improving the condition of AKI in-
duced by lipopolysaccharide in sepsis?®. While there is
growing recognition of the mechanisms by which SIRT1
is involved in sepsis, the clinical implications of SIRT1 in
sepsis patients have yet to be fully understood. The study
conducted by Hasegawa and colleagues provides evidence
supporting the protective role of SIRT1 in renal tubules
against diabetic albuminuria. This protection is achieved
by maintaining nicotinamide mononucleotide (NMN)
concentrations around glomeruli and modulating podo-
cyte function®>*¢, The objective of this current study was
also to examine the potential of SIRT1 as a biomarker for
managing disease and predicting prognosis in individuals
with sepsis, as in the study of Cheng et al.”’. Our findings
indicate that the expression of SIRT1 was downregulated
in the septic group, and the anti-inflammatory effect of
Tibolone was augmented.

YAP inhibition triggers the AKI in septic patients®®.
For example, the YAP signaling pathway facilitates the
apoptosis of human pulmonary microvascular endothelial
cells induced by lipopolysaccharide (LPS). Consequently,
the inhibition of YAP could serve as a promising thera-
peutic approach for managing lung injury in septic con-
ditions*. On the other hand, YAP plays a crucial role
in maintaining the integrity of the glomerular filtration
barrier, and its inhibition may cause proteinuric kidney
disease and potentially cause nephrotoxicity*’. A study
conducted by Chen et al. observed that YAP activation, a
critical factor in epithelial cell regeneration during kidney
recovery from AKI, is essential for kidney recovery from
AKI (ref.*%). On the other hand, after YAP activation,
repair can be maladaptive and provoke inflammation*.
While inhibition of the HIPPO/YAP pathway indicates
acute kidney damage, the increase in YAP activated after
Tibolone use indicates cessation of kidney damage and
even regeneration, as in our study.

Histopathologically, as in Aslan et al.**> study, we ob-

served the tubular and glomerular degradation and recov-
ery in the sepsis group after 5 mg/kg Tibolone admission.
After Tibolone implementation, we can also confirm
these changes and improvements in tubular epithelial ne-
crosis, Luminous necrotic debris, tubular dilatation, hem-
orrhage, and interstitial inflammation scores. Moreover,
during the five days of the study, we saw five dead rats in
the CLP+Saline group and just one dead in the Tibolone
group. Here, we can comment that Tibolone improves
renal injury and sepsis and makes rats survive through its
anabolic, antioxidant, and anti-inflammatory properties.

In previous studies, Tibolone has been studied in mod-
els of nerve injury, Alzheimer's disease, depression, and
cardiovascular diseases***®. For instance, Hidalgo-Vanessa
et al. found that administering Tibolone has been ob-
served to mitigate oxidative damage and inflammation in
microglia stimulated with palmitic acid*’. We can observe
the steroid effect of Tibolone in this type of research. In
contrast to studies on the evidence of its neuroprotec-
tive properties, the present study is the first to present
evidence of sepsis-induced kidney injury. We think that
Tibolone is a drug that should be recommended for sepsis,
especially in the early treatment process.

Limitations

As this study is experimental in animal models, there
is no evidence of human uses. It is important to point out
the differences between the pathophysiology of sepsis in
rats and humans. As there is no other study with intraperi-
toneal use of Tibolone, Tibolone administration at doses
higher or lower than 0.5 mg/kg should be repeated, and
a dose-response curve should be established.

CONCLUSION

In this study, we prove the protective and healing
effect of Tibolone by using anti-inflammatory and anti-
oxidative biomarkers to demonstrate histological changes.
Further studies will provide more significant and precise
information on the regulatory effects of Tibolone.

REFERENCES

1. Shankar-Hari M, Phillips GS, Levy ML, Seymour CW, Liu VX,
Deutschman CS, Angus DC, Rubenfeld GD, Singer M; Sepsis
Definitions Task Force. Developing a New Definition and Assessing
New Clinical Criteria for Septic Shock: For the Third International
Consensus Definitions for Sepsis and Septic Shock (Sepsis-3). JAMA
2016:23;315(8):775-87. doi: 10.1001/jama.2016.0289

2. Gotts JE, Matthay MA. Sepsis: Pathophysiology and clinical manage-
ment. BMJ 2016;353:i1585. doi:10.1136/bmj.i1585

3. Delano MJ, Ward PA. Sepsis-induced immune dysfunction: can im-
mune therapies reduce mortality? J Clin Invest.2016;126(1):23-31.
doi:10.1172/JC182224

4. Schulte W, Bernhagen J, Bucala R. Cytokines in sepsis: po-
tent immunoregulators and potential therapeutic targets-
-an updated view. Mediators Inflamm 2013;2013:165974.
doi:10.1155/2013/165974

5. Erdogan A, Erdogan MA, Kara AY, Bora S, Yigitturk G, Erbas O. Effect
of fluid resuscitation on acute lung injury in a rat model of sepsis.
Bratisl Lek Listy 2021;122(4):280-6. doi: 10.4149/BLL_2021_047

316



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2024 Dec; 168(4):311-318.

20.

21.

22.

23.

24,

25.

26.

. Cossart YE. The rise and fall of infectious diseases: Australian per-

spectives, 1914-2014. Med J Aust 2014;201(1 Suppl):S11-S14.
doi:10.5694/mja14.00112

. Nedeva C, Menassa J, Puthalakath H. Sepsis: Inflammation Is

a Necessary Evil. Front Cell Dev Biol 2019;7:108. doi:10.3389/
fcell.2019.00108

. Zarjou A, Agarwal A. Sepsis and acute kidney injury. J Am Soc

Nephrol 2011;22(6):999-1006. doi:10.1681/ASN.2010050484

. Wiersinga WJ, Leopold SJ, Cranendonk DR, van der Poll T. Host innate

immune responses to sepsis. Virulence 2014;5(1):36-44. doi:10.4161/
viru.25436

. Cepinskas G, Wilson J. Inflammatory response in microvascu-

lar endothelium in sepsis: role of oxidants. J Clin Biochem Nutr
2008;42(3):175-84. doi: 10.3164/jcbn.2008026

. Oliveira FRMB, Assreuy J, Sordi R. The role of nitric oxide in sepsis-

associated kidney injury. Biosci Rep 2022;42(7):BSR20220093. doi:
10.1042/BSR20220093

. Lopes-Pires M, Frade-Guanaes JO, Quinlan GJ. Clotting Dysfunction

in Sepsis: A Role for ROS and Potential for Therapeutic Intervention.
Antioxidants (Basel) 2021;11(1):88. doi: 10.3390/antiox11010088

. Kloosterboer HJ. Tibolone: a steroid with a tissue-specific mode of

action. J Steroid Biochem Mol Biol 2001;76(1-5):231-8. doi:10.1016/
50960-0760(01)00044-9

. Gonzalez-Giraldo Y, Forero DA, Echeverria V, Garcia-Segura LM,

Barreto GE. Tibolone attenuates inflammatory response by pal-
mitic acid and preserves mitochondrial membrane potential in as-
trocytic cells through estrogen receptor beta. Mol Cell Endocrinol
2019;486:65-78. doi:10.1016/j.mce.2019.02.017

. Rymer JM. The effects of Tibolone. Gynecol Endocrinol

1998;12(3):213-20. doi:10.3109/09513599809015548

. Rymer J, Chapman MG, Fogelman |. Effect of Tibolone on post-

menopausal bone loss. Osteoporos Int 1994;4(6):314-9. doi:10.1007/
BF01622189

. Kulkarni J, Gavrilidis E, Wang W, Worsley R, Fitzgerald PB, Gurvich C,

Van Rheenen T, Berk M, Burger H. Estradiol for treatment-resistant
schizophrenia: a large-scale randomized-controlled trial in wom-
en of child-bearing age. Mol Psychiatry 2015;20(6):695-702. doi:
10.1038/mp.2014.33

. Wang X, Buechler NL, Woodruff AG, Long DL, Zabalawi M, Yoza BK,

McCall CE, Vachharajani V. Sirtuins and Immuno-Metabolism of
Sepsis. Int J Mol Sci 2018;19(9):2738. doi: 10.3390/ijms19092738

. Gao R, Ma Z, Hu Y, Chen J, Shetty S, Fu J. SIRT1 restrains lung in-

flammasome activation in a murine model of sepsis. Am J Physiol
Lung Cell Mol Physiol 2015;308(8):L847-L853. doi:10.1152/aj-
plung.00274.2014

Gao Q, Zhu H. The Overexpression of Sirtuin1 (SIRT1) Alleviated
Lipopolysaccharide (LPS)-Induced Acute Kidney Injury (AKI) via
Inhibiting the Activation of Nucleotide-Binding Oligomerization
Domain-Like Receptors (NLR) Family Pyrin Domain Containing
3 (NLRP3) Inflammasome Med Sci Monit 2019;25:2718-26.
doi:10.12659/MSM.913146

Schwartzman M, Reginensi A, Wong JS, Basgen JM, Meliambro K,
Nicholas SB, D'Agati V, McNeill H, Campbell KN. Podocyte-Specific
Deletion of Yes-Associated Protein Causes FSGS and Progressive
Renal Failure. J Am Soc Nephrol 2016;27(1):216-26. doi: 10.1681/
ASN.2014090916

Zhang J, Xu Q, Ren F, Liu Y, Cai R, Yao Y, Zhou MS. Inhibition of YAP
activation attenuates renal injury and fibrosis in angiotensin Il hy-
pertensive mice. Can J Physiol Pharmacol 2021;99(10):1000-6. doi:
10.1139/cjpp-2021-0033

Erbas O, Taskiran D. Sepsis-induced changes in behavioral stereotypy
in rats; involvement of tumor necrosis factor-alpha, oxidative stress,
and dopamine turnover. J Surg Res 2014;186(1):262-8. doi:10.1016/j.
j55.2013.08.001

Chen JK, Chen J, Thomas G, Kozma SC, Harris RC. S6 kinase 1 knock-
out inhibits uninephrectomy- or diabetes-induced renal hypertro-
phy. Am J Physiol Renal Physiol 2009;297(3):F585-93. doi: 10.1152/
ajprenal.00186.2009

Chen J, Chen JK, Conway EM, Harris RC. Survivin mediates re-
nal proximal tubule recovery from AKI. J Am Soc Nephrol. 2013
Dec;24(12):2023-33. doi: 10.1681/ASN.2013010076

Bradford MM. A rapid and sensitive method for the quantita-
tion of microgram quantities of protein utilizing the principle of

317

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

protein-dye binding. Anal Biochem 1976;72:248-54. doi:10.1006/
abio.1976.9999

Uchino S, Kellum JA, Bellomo R, Doig GS, Morimatsu H, Morgera S,
Schetz M, Tan |, Bouman C, Macedo E, Gibney N, Tolwani A, Ronco
C; Beginning and Ending Supportive Therapy for the Kidney (BEST
Kidney) Investigators. Acute renal failure in critically ill patients:
a multinational, multicenter study. JAMA 2005;294(7):813-8. doi:
10.1001/jama.294.7.813

Shum HP, Chan KC, Kwan MC, Yeung AW, Cheung EW, Yan WW.
Timing for initiation of continuous renal replacement therapy in
patients with septic shock and acute kidney injury. Ther Apher Dial
2013;17(3):305-10. d0i:10.1111/j.1744-9987.2012.01147 x

Basol N, Erbas O, Cavusoglu T, Meral A, Ates U. Beneficial effects of
agomelatine in experimental model of sepsis-related acute kidney
injury. Ulus Travma Acil Cerrahi Derg 2016;22(2):121-6. doi:10.5505/
tjtes.2015.29499

de Medeiros AR, Lamas AZ, Caliman IF, Dalpiaz PL, Firmes LB, de
Abreu GR, Moysés MR, Lemos EM, dos Reis AM, Bissoli NS. Tibolone
has anti-inflammatory effects in estrogen-deficient female rats
on the natriuretic peptide system and TNF-alpha. Regul Pept
2012;179(1-3):55-60. doi: 10.1016/j.regpep.2012.08.015

Rezan Karaali, Ejder Saylav Bora, Huseyin Acar, Yigit Uyanikgil,
Ibrahim Halil Sever, Mumin Alper Erdogan and Oytun Erbas, 2023.
Exploring Beta Blockers'Efficacy in Sepsis-Induced Acute Lung Injury
and HMGB1-sRAGE Interaction. Int J Pharmacol. 2023;19:296-304.
doi: 10.3923/ijp.2023.296.304

Wang H, Zhu S, Zhou R, Li W, Sama AE. Therapeutic potential of
HMGB1-targeting agents in sepsis. Expert Rev Mol Med 2008;10:e32.
doi: 10.1017/51462399408000884

Zhao F, Fang Y, Deng S, Li X, Zhou Y, Gong Y, Zhu H, Wang W.
Glycyrrhizin Protects Rats from Sepsis by Blocking HMGB1 Signaling.
Biomed Res Int 2017;2017:9719647. doi: 10.1155/2017/9719647
Fan H, Yang HC, You L, Wang YY, He WJ, Hao CM. The histone deacety-
lase, SIRT1, contributes to the resistance of young mice to ischemia/
reperfusion-induced acute kidney injury. Kidney Int 2013;83(3):404-
13.d0i:10.1038/ki.2012.394

Elangovan S, Ramachandran S, Venkatesan N, Ananth S, Gnana-
Prakasam JP, Martin PM, Browning DD, Schoenlein PV, Prasad PD,
GanapathyV, Thangaraju M. SIRT1 is essential for oncogenic signal-
ing by estrogen/estrogen receptor a in breast cancer. Cancer Res
2011;71(21):6654-64. doi: 10.1158/0008-5472.CAN-11-1446
Hasegawa K, Wakino S, Simic P, Sakamaki Y, Minakuchi H, Fujimura
K, Hosoya K, Komatsu M, Kaneko Y, Kanda T, Kubota E, Tokuyama H,
Hayashi K, Guarente L, Itoh H. Renal tubular Sirt1 attenuates diabetic
albuminuria by epigenetically suppressing Claudin-1 overexpression
in podocytes. Nat Med 2013;19(11):1496-504. doi: 10.1038/nm.3363
Cheng X, Zhang S, Wen Y, Shi Z. Clinical significance of sirtuin 1
level in sepsis: correlation with disease risk, severity, and mortal-
ity risk. Braz J Med Biol Res 2020;54(2):e10271. doi: 10.1590/1414-
431X202010271

Yi L, Huang X, Guo F, Zhou Z, Chang M, Tang J, Huan J.
Lipopolysaccharide Induces Human Pulmonary Micro-Vascular
Endothelial Apoptosis via the YAP Signaling Pathway. Front Cell
Infect Microbiol 2016;6:133. doi: 10.3389/fcimb.2016.00133
Schwartzman M, Reginensi A, Wong JS, Basgen JM, Meliambro K,
Nicholas SB, D'Agati V, McNeill H, Campbell KN. Podocyte-Specific
Deletion of Yes-Associated Protein Causes FSGS and Progressive
Renal Failure. J Am Soc Nephrol 2016;27(1):216-26. doi: 10.1681/
ASN.2014090916

Chen J,You H, Li Y, Xu Y, He Q, Harris RC. EGF Receptor-Dependent
YAP Activation Is Important for Renal Recovery from AKI. J Am Soc
Nephrol 2018;29(9):2372-85. doi:10.1681/ASN.2017121272

Zheng Z, Li C, Shao G, Li J, Xu K, Zhao Z, Zhang Z, Liu J, Wu H. Hippo-
YAP/MCP-1 mediated tubular maladaptive repair promote inflam-
mation in renal failed recovery after ischemic AKI. Cell Death Dis
2021;12(8):754. doi: 10.1038/541419-021-04041-8

Aslan A, van den Heuvel MC, Stegeman CA, Popa ER, Leliveld AM,
Molema G, Zijlstra JG, Moser J, van Meurs M. Kidney histopathol-
ogy in lethal human sepsis. Crit Care 2018;22(1):359. doi: 10.1186/
513054-018-2287-3

Segura-Uribe JJ, Garcia-de la Torre P, Castillo-Mendieta T, Bribiesca-
Cruz |, Orozco-Sudrez S, Soriano-Urstia MA, Pinto-Almazan R,
Fuentes-Venado CE, Guerra-Araiza C. Tibolone Improves Memory
and Decreases the Content of Amyloid-f3 Peptides and Tau Protein



Biomed Pap Med Fac Univ Palacky Olomouc Czech Repub. 2024 Dec; 168(4):311-318.

44,

45,

in the Hippocampus of a Murine Model of Alzheimer's Disease. J
Alzheimers Dis 2022;90(4):1437-47. doi: 10.3233/JAD-220434

Yin X, Yin Y, Cao FL, Chen YF, Peng Y, Hou WG, Sun SK, Luo ZJ.
Tanshinone IIA attenuates the inflammatory response and apopto-
sis after traumatic injury of the spinal cord in adult rats. PLoS One
2012;7(6):238381. doi: 10.1371/journal.pone.0038381

Kulkarni J, Gavrilidis E, Thomas N, Hudaib AR, Worsley R, Thew C,
Bleeker C, Gurvich C. Tibolone improves depression in women
through the menopause transition: A double-blind randomized
controlled trial of adjunctive tibolone. J Affect Disord 2018;236:88-
92.doi: 10.1016/j.jad.2018.04.103

318

46.

47.

Campisi R, Marengo FD. Cardiovascular effects of Tibolone: a se-
lective tissue estrogenic activity regulator. Cardiovasc Drug Rev
2007;25(2):132-45. doi:10.1111/j.1527-3466.2007.00007 .x
Hidalgo-Lanussa O, Avila-Rodriguez M, Baez-Jurado E, Zamudio
J, Echeverria V, Garcia-Segura LM, Barreto GE. Tibolone Reduces
Oxidative Damage and Inflammation in Microglia Stimulated with
Palmitic Acid through Mechanisms Involving Estrogen Receptor
Beta. Mol Neurobiol 2018;55(7):5462-77. doi: 10.1007/512035-017-
0777~y



