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Abstract

Introduction and aim Hydrogen sulfide (H,S) is an endogenously produced gas-structure mediator. It is proposed to have
antioxidant, anti-inflammatory and antiapoptotic effects. Acetaminophen (N-acetyl-P-aminophenol; APAP) is an antipyretic
and analgesic medication known as paracetamol. When taken at therapeutic doses there are few side-effects, but at high
doses APAP can cause clear liver and kidney damage in humans and experimental animals. In this study, the effects of the
H,S donor of sodium hydrosulfide (NaHS) on acute renal toxicity induced by APAP in rats were researched in comparison
with N-acetyl cysteine (NAC).

Method Rats were divided into six groups (n="7) as control. APAP, APAP+ NAC, APAP + NaHS 25 umol/kg, NaHS
50 umol/kg and NaHS 100 umol/kg. After oral dose of 2 g/kg APAP, NAC and NaHS were administered via the i.p. route
for 7 days. In renal homogenates, KIM-1 (Kidney Injury Molecule-1), NGAL (neutrophil gelatinase-associated lipocalin),
TNF-a and TGFp levels were measured with the ELISA method for tissue injury and inflammation. In renal tissue, oxida-
tive stress levels were identified by spectrophotometric measurement of TAS and TOS. Histopathologic investigation of
renal tissue used caspase 3 staining for apoptotic changes, Masson trichrome and H&E staining for variations occurring in
glomerular and tubular systems.

Results NaHS lowered KIM-1, NGAL, TNF-a, TGF- and TOS levels elevated in renal tissue linked to APAP and increased
TAS values. NaHS prevented apoptosis in the kidney and was identified to ensure histologic amelioration in glomerular and
tubular structures. NaHS at 50 umol/kg dose was more effective, with the effect reduced with 100 umol/kg dose.
Conclusion H,S shows protective effect against acute renal injury linked to APAP. This protective effect reduces with high
doses of H,S. The anti-inflammatory and antioxidant activity of H,S may play a role in the renoprotective effect.

Keywords Acetaminophen - Rats - Acute renal injury - H,S - NaHS

Introduction

This Study was carried out in Dumlupinar University,
Experimental Animal Laboratory. Medications containing paracetamol, and as a result aceta-
minophen (N-acetyl-para-amino-phenol [APAP]), are one of
the commonly used non-steroidal anti-inflammatory (NSAI)

drugs globally. Generally, they are used excessively as anti-
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pyretic and analgesic. Though paracetamol toxicity is only
seen at very high doses, the common use causes toxicity
reactions to be observed [1]. As medications containing
paracetamol are seen as safe, they are included on nearly all
prescriptions. They may be used simultaneously with other
medications. Uncontrolled use may be present in nearly all
households.

In recent decades, the hepatotoxic effects of APAP have
been a focus. However, attention is drawn to other known,
mainly negative, effects of APAP. One of these effects is
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acute renal failure. Apart from acute renal failure, it is
reported it may cause pulmonary, endocrine, neurologic
and neurodevelopmental toxicity [2]. The hepatotoxic effect
caused by overdose of APAP is greater than the nephro-
toxic effect. However, even in situations where hepatotox-
icity is not observed with toxic dose intakes, nephrotoxic-
ity is reported [3]. Of patients with APAP overdose, 1-2%
experience renal failure. However, it may cause both human
and animal deaths [4]. APAP is mainly metabolized by con-
jugation with sulfate or glucuronic acid in the liver. The
remaining 2-4% portion of APAP taken at therapeutic doses
is transformed by cytochrome p450 enzyme (CYP) to the
toxic metabolite of N-acetyl p-benzoquinoneimine (NAPQI)
[5]. This metabolite is a very reactive electrophilic molecule
which is detoxified by binding to glutathione (GSH) in the
liver and excreted in urine. When toxic doses are taken, the
amount of NAPQI formed exceeds the binding capacity of
GSH causing liver and kidney injury. APAP is deacetylated
in the kidneys and transforms to the p-aminophenol metabo-
lite which is a nephrotoxin and causes renal cortical necrosis
[6]. At therapeutic doses, the p-aminophenol is conjugated
with GSH, similar to NAPQI metabolite in the liver, and is
excreted as inactive GSH conjugates [6]. APAP increases
lipid peroxidation and causes intracellular GSH depletion
which is reported to increase oxidative damage in the kid-
neys [7, 8].

N-acetyl cysteine (NAC) is used as an antidote for APAP
toxicity. NAC is a pioneer compound for cysteine and pro-
tects the liver by filling the depleted glutathione pool in the
liver. NAC is thought to increase the glutathione amount
and ensure detoxification of NAPQI responsible for hepa-
totoxic effects [9, 10]. Within the kidney, NAPQI is basi-
cally produced via the CYP450 pathway and prostaglandin
synthase in the medulla [11]. However, experimental and
clinical research has reported NAC is effective on APAP
nephrotoxicity [12].

Hydrogen sulfide (H,S) is a gas-structure mediator like
nitric oxide and carbon monoxide and is endogenously pro-
duced in mammalian tissue [13]. Until endogenous H,S was
identified in the rat brain, H,S was accepted as toxic. H,S is
synthesized from two pyridoxal 5-phosphate-linked enzymes
of L-cysteine, in other words cystathionine f synthase (CBS)
and cystathionine ylyase (CSE), and an enzyme independ-
ent of phosphate of 3-mercaptopyruvate sulfur transferase
(3-MST). In recent years, a new synthesis route for H,S from
D-cysteine was discovered, and it was shown that especially
in kidneys and cerebellum D-cysteine is more dominant that
L-cysteine [14, 15]. Here, the effective enzyme is known to
be p-amino acid oxidase. H,S prevents inflammation and
oxidative stress in ischemia/reperfusion injury and is shown
by many studies to possibly have therapeutic effect in many
organs and metabolic diseases [16, 17]. H,S, additionally,
is reported to have effects in a variety of renal pathologies
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including diabetic and hypertensive nephropathies [18, 19],
medication-linked nephrotoxicity, and hypothermia-linked
acute kidney injury (AKI) [20].

In light of all this information, in our study, we aimed
to investigate the possible renoprotective effect of H,S on
APAP-induced acute nephrotoxicity and compare this effect
with the standard treatment of NAC.

Materials and methods
Experimental animals and groups

In this study, 42 Wistar albino male rats weighing 240-280 g
were used. Animals were kept at room temperature
(24 £2 °C) and 55 + 15% relative humidity with 12 h light/
dark cyclus with fixed limits. Water and standard rat feed
were given ad libitum. All procedures related to animals
were completed in accordance with national and interna-
tional regulations about animal experiments. The study
received permission from Dumlupinar University (DPU)
Animal Experiments Local Ethics Committee. The study
was completed in DPU Experimental Animal Breeding
Research and Application Center, DPU Advanced Technol-
ogy Center and DPU Faculty of Medicine Pharmacology
Laboratory.

Experimental study groups and medication doses:

The experimental study groups and medication doses
were arranged as follows (n="7):

Group 1 (control): physiologic serum (PS) oral
(2 mL)+0.2 mL PS intraperitoneal (ip).

Group 2 (APAP): 2 g/kg APAP [21]. in 2 mL PS
oral +0.2 mL PS ip.

Group 3 (APAP+NAC): 2 g/kg APAP oral + 140 mg/kg
NAC ip [21].

Group 4 (APAP + 25 pmol/kg NaHS): 2 g/kg APAP
oral +25 umol/kg sodium hydrosulfide (NaHS) ip.

Group 5 (APAP + 50 pmol/kg NaHS): 2 g/kg APAP
oral 4+ 50 umol/kg NaHS ip.

Group 6 (APAP+ 100 umol/kg NaHS): 2 g/kg APAP
oral 4+ 100 umol/kg NaHS ip [22].

Animals were fasted for 24 h and then administered aceta-
minophen (N-acetyl-p-aminophenol, APAP, paracetamol)
(Sandoz, Turkey) at 2 g/kg dose in suspension in distilled
water via oral gavage in a single dose. Four hours after
APAP administration, animals were allowed to have food
and water.

One hour before APAP administration, 140 mg/kg NAC
(Bilim Ilac, Turkey), 25, 50 and 100 umol/kg doses of NaHS
(Sigma, Turkey) [22] and 0.2 mL PS ip were administered
based on the group. NaHS and NAC were administered via
the ip route within 0.2 mL physiologic serum. NaHS is a
H,S donor and transforms to H,S in the body [22]. NAC,
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NaHS and PS administration continued as single doses for 7
days. In the control group, 1 h after PS ip was administered,
2 mL PS was administered orally in a single dose and then
physiological serum was administered via ip for 7 days.

On the 7th day of the study, 2 h after medication admin-
istration, animals were anesthetized with ketamine (70 mg/
kg ip, Ketalar, Pfizer, Turkey) and xylazine (10 mg/kg ip,
Alfazyne, Ata-fen, Turkey). Intracardiac blood was taken
and animals were euthanized with both kidneys removed for
histopathologic and biochemical investigations.

Biochemical examination

Immediately after the left kidney of animals were removed,
the kidneys were homogenized in 50 mmol/L phosphate
buffer (pH 7.40) in a mechanical homogenizer (Analytic
Jena SpeedMill PLUS, Jena, Germany). Homogenates were
centrifuges at 4 °C at 10,000 x g for 15 min and supernatants
were stored at — 80 °C.

KIM-1 and NGAL measurements

KIM-1 (kidney injury molecule-1) and NGAL (neutrophil
gelatinase-associated lipocalin) were measured with the
ELISA technique to identify AKI. Rat kits (Elabscience rat
KIM-1 and NGAL ELISA Kit) were used on renal homoge-
nates (BMG Labtech Spectrostar Nano, GmbH, Ortenberg,
Germany).

TNFa and TGF measurements

For assessment of the inflammatory process, kidney TNF-o
(tumor necrotizing factor-a) and TGF-f (transforming
growth factor-f) levels were measured with the ELISA
method using rat kits (Elabscience rat TNF-a and TGF-3
ELISA Kit) (BMG Labtech Spectrostar Nano, GmbH,
Ortenberg, Germany).

TAS and TOS measurements

For oxidative stress levels, TOS (total oxidant capacity)
and TAS (total antioxidant capacity) levels in kidneys were
measured with rat kits (Rel Assay Diagnostic) with a Beck-
man Coulter AU680 analyzer. TAS values are given as
troloxEq/mg protein and TOS values are given as H2O2Eq/
mg. The Oxidative Stress Index (OSI) is accepted as the
% ratio of TAS and TOS values. TAS values were trans-
lated to mmol/L. The OSI value was calculated using the
formula OSI (arbitrary unit) =TOS (mmol H202Equiv/L)/
TAS (mmol TroloxEquiv/L).

Protein amount in homogenates

These were measured using a maestrogen-maestronano
spectrophotometer.

Histopathologic examination

The removed kidney tissue was fixed in 4% neutral forma-
lin solution. Later, it was submerged in paraffin and 4 um
thickness sections were obtained. Kidneys were stained
with hematoxylin and eosin staining and investigated with
a light microscope. Additionally, tubulointerstitial fibrosis
was assessed with Masson trichrome and collagen stain-
ing. Control staining of all experimental groups were per-
formed with secondary antibody alone simultaneously with
immiinohistochemical staining. For assessment of apoptosis,
samples taken from kidneys were immunohistochemically
stained with caspase. Areas in the glomeruli, tubules and
interstitial area marked positive with caspase had apoptotic
nuclei counted to assess results.

Kidney injury in the external medulla was determined by
investigating ten sections chosen at random. Tubular injury,
interstitial inflammatory cell infiltration, tubular dilatation,
atrophy, increased connective tissue, hemorrhage, and col-
lagen accumulation were assessed. The degree of injury was
scored as follows [23]:

Normal

Mild, less than 25% involvement of injury in the cortex
Moderate, 25-50% injury in the cortex

Severe, 50-75% injury in the cortex

Widespread injury involving 75-100% of the cortex

A W = O

Statistical analysis

Results are given as mean + SEM. Data were assessed in
the SPSS program using the one-way analysis of variance
(ANOVA) test (post hoc Dunnett test). For comparison of
histopathologic data, the Kruskal-Wallis (post hoc Dunn
method) test was used. P <0.05 was accepted as significant.

Results
KIM-1 and NGAL measurements results

KIM-1 was identified as one of the most induced proteins
in kidneys following AKI in animal models. KIM-1 is a
trans-membrane glycoprotein increasing in proximal tubule
cells after ischemic or nephrotoxic AKI. In our study, in
animals with kidney injury induced with APAP, KIM-1
levels were significantly increased compared to the control
group (P<0.001) (Fig. 1a). This shows that the AKI was
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Fig. 1 Effects of NaHS treatment on biochemical parameters in rats
with APAP nephrotoxicity. a KIM-1, b NGAL, ¢ TGFf and d TNFa.
Data are given as mean+SEM. *P<0.05,**P<0,01, ***P <(.001
versus control group, *P<0,05, "P<0,001 versus APAP group

successfully induced. The NAC group appeared to have sig-
nificant improvement compared to the APAP group. How-
ever, the most noteworthy finding appears to be the NaHS
dose. NaHS at the 50 pmol/kg dose was observed to lower
KIM-1 to control levels. At 100 umol/kg dose, the group
administered NaHS had significantly higher KIM-1 lev-
els compared to the control group (P <0.05), and this was
significantly low compared to the APAP group (P <0.05)
(Fig. 1a). In this situation, the 50 pmol/kg dose of H,S was
effective on APAP-induced AKI but as the dose increased,
this effect can be said to reduce. Compared with NAC,
50 umol/kg of NaHS dose appeared to bring KIM-1 values
closer to the control group (Fig. 1).

For NGAL levels, results similar to KIM-1 were
obtained. Again at 50 pmol/kg dose NaHS, NGAL levels
were almost the same as in the control group (Fig. 1b).
However, at 100 umol/kg dose NaHS the results were
significantly high NGAL values compared to the con-
trol group (P <0.05) but significantly low compared to
the APAP group (P <0.05) (Fig. 1b). According to this
result, NGAL values, considered to be a specific and early
marker of AKI and increasing with AKI, increased com-
pared to control values at 100 umol/kg dose NaHS. It was
concluded that at this dose, the curative properties of H,S
were lost and did not even exist. When compared with

@ Springer

NGAL (pg/mg protein)

Control APAP NAC NaHS25 NaHS50 NaHS 100

TNF-a (pg/mg protein)

150 ~
120 ~
90 -
60 -

30 A

Control APAP NAC

NaHS25 NaHS50 NaHS 100

ANOVA (n=7). APAPAcetaminofen, NaHS sodium hydrosulfide,
NAC N-acetyl cysteine, KIM-1 kidney injury molecule-1, NGAL neu-
trophil gelatinase-associated lipocalin, TGFf transforming growth
factor-p, TNFa tumor necrotizing factor-a

NAC used as an antidote to APAP toxicity, treatment with
50 umol/kg dose NaHS appeared to bring NGAL levels
close to control values. According to this result, 50 umol/
kg NaHS may be said to be more effective for treatment
of AKI than NAC.

TNFa and TGF measurement results

When TNFa values are examined, again 50 umol/kg NaHS
dose appeared to bring TNFa value close to control and
NAC group values (Fig. 1d). At 100 umol/kg NaHS, these
values were significantly high compared to control lev-
els (P <0.05). When compared with APAP values, they
appeared to be significantly low (P <0.05) (Fig. 1d).
According to this result, 50 umol/kg NaHS dose was effec-
tive on the inflammatory process in AKI and can be said to
be as effective as NAC used as antidote for APAP toxicity.

For TGFp measurements, similar results were obtained
as those for TNFa values (Fig. 1c). At 50 pumol/kg dose
of NaHS, renal TGFf levels elevated by APAP were at
control and NAC group levels. However, again 100 umol/
kg of NaHS dose was significantly increased compared to
controls (P <0.05) (Fig. 1c).
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TAS and TOS measurement results

TAS and TOS measurements were performed on homogen-
ates to assess the oxidant and antioxidant capacity in the kid-
neys linked to APAP toxicity and the Oxidative Stress Index
was calculated. APAP lowered TAS values and increased
TOS values (P<0.001) (Table 1). This result showed that
oxidative stress increased in the kidneys linked to APAP.
At 50 umol/kg dose of NaHS, the TAS values increased to
control and NAC group values (Table 1). Similar results
were observed for TOS and OSI values. In the 100 umol/
kg dose of NaHS group, TAS values were significantly low
compared to the control group (P <0.05), while TOS values
were observed to be high (P <0.05) (Table 1).

Histopathologic results

After hematoxylin and eosin staining in kidneys and light
microscope investigation, scoring identified normal histolog-
ical findings in the control group. In the group with APAP
toxicity developed, moderate and severe levels of tubular
damage were identified to develop (P <0.001) (Figs. 2a, 3).
In the APAP group, kidney injury characterized by inter-
stitial inflammatory cell infiltration, tubular dilatation and
atrophy were observed in kidney tissue. This injury was
identified to fall below 25% levels in the group-adminis-
tered NAC. However, in the group-administered 50 umol/

kg NaHS, this injury was identified to reach levels close to
the control group (Fig. 3). Counts of apoptotic nuclei after
caspase staining to identify apoptotic cells found the num-
ber of apoptotic nuclei significantly increased in the APAP
group (P <0.001) (Figs. 2b, 4). In the NAC and 25 pmol/kg
NaHS groups, there were significant falls in the number of
apoptotic nuclei (P <0.001) (Figs. 2b, 4). However, for these
parameters, as with other parameters, the most significant
fall was observed in the 50 pmol/kg NaHS group. Again,
in the 100 umol/kg NaHS group, the number of apoptotic
cells were identified to be significantly increased compared
to other treatment groups (P <0.001) (Figs. 2b, 4). Masson
trichrome and collagen staining observed normal histologi-
cal findings in the control group. In the treatment groups,
especially the 50 pmol/kg NaHS group, reduced tubuloint-
erstitial fibrosis was identified (Figs. 5, 6).

Discussion

In our study, we aimed to research the renoprotective effects
of H,S on acute nephrotoxicity developing linked to APAP
toxicity and to compare these effects with NAC used against
APAP toxicity. With the aim of determining the effective
dose of H,S and researching whether a dose-linked effect
was present or not, we used increasing doses of the H,S
donor NaHS. The most important results of this study are

Table 1 Effects of NaHS treatment on renal TAS, TOS and OSI levels in rats with APAP nephrotoxicity

Control APAP APAP+NAC  APAP+NaHS 25 APAP+NaHS 50 APAP+ NaHS 100
TAS (TroloxEq/mg protein) ~ 3.32+0.07 1.84+0.05%%*%  3.05+0.08 2.60+0.04+" 3.04+0.09 2.65+0.04+*
TOS (H202Eq/mg protein) 8.28+1.26 24.75+1.26%*%%  7.47+0.63 13.62 +1.46%* 7.58£0.69 14.43+1.22%%
OSI (arbitrary unit) 0.3+0.03 1.4 £0.04%%** 0.3+0.02 0.7+0.03 0.35+0.02 0.8+0.04%*

APAP acetaminofen, NaHS sodium hydrosulfide, NAC N-acetyl cysteine, TAS total antioxidant status, 7OS total oxidant status, OSI Oxidative

Stress Index

Data are given as mean +SEM. *P <0.05, **P <0.01, *##P <0.001 versus control group, P <0.05 versus APAP group ANOVA (n=7)

Tubuler injury score

Control APAP NAC NaHS25 NaHS50 NaHS 100

Fig.2 Effects of NaHS treatment on histological parameters in rats
with APAP nephrotoxicity. a Tubuler injury score. b Caspase-3 niiclei
count. Data are given as mean+SEM. ***P<0.001 versus con-

B Caspase-3 nuclei count

Control APAP NAC NaHS 25 NaHS 50  NaHS 100

trol group, #¥P <0.001 versus APAP group ANOVA (n=7). APAP
Acetaminofen, NaHS sodium hydrosulfide, NAC N-acetyl cysteine
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Fig.3 Representative images of
H&E staining. APAP aceta-
minofen, NaHS sodium hydro-
sulfide, NAC N-acetyl cysteine

Fig.4 Representative images
of Caspase-3 staining. APAP
acetaminofen, NaHS sodium
hydrosulfide, NAC N-acetyl
cysteine, CS-APAP control
staining of APAP group using
the secondary antibody alone.
(—); Caspase-3 positive stain-
ing niiclei
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APAP NaHS 50
NAC
Control
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Fig.5 Representative images of
Masson tricrom staining. APAP
acetaminofen, NaHS sodium
hydrosulfide, NAC N-acetyl
cysteine
Control NAC
APAP i NaHS 50
Fig. 6 Representative images
of Collogen staining. APAP
acetaminofen, NaHS sodium
hydrosulfide, NAC N-acetyl
cysteine
Control NAC
APAP NaHS 50

i- 50 umol/kg dose of NaHS had renoprotective effect against
acute nephrotoxicity and that lower or higher doses did not
have this effect and ii- the 50 pmol/kg dose of NaHS was as
effective as NAC.

Though the analgesic effect of APAP is not fully under-
stood, the hepatotoxic effect is well known [24]. In vivo data
proposed that another metabolite of APAP called AM404
may be a key factor in the analgesic effect [25], but some
researchers indicate the cyclooxygenase-3 enzyme is the
target enzyme for APAP [26, 27]. There are some reports
that APAP causes AKI [28]. After APAP overdose, there
are reviews that AKI occurs in 1-2% of patients [29]. A
cohort study in Taiwan identified that the risk of developing

nephrotoxicity was two times higher in patients with APAP
intoxication [30]. This study discussed whether NAPQI may
cause AKI. In our study, we induced AKI in rat kidneys with
APAP. Our results comply with results from previous stud-
ies. We obtained findings that AKI was induced based on the
parameters assessed with high doses of APAP.

In our study, we aimed to treat the nephrotoxicity induced
with APAP using 25, 50 and 100 umol/kg doses of NaHS.
A noteworthy finding in our study is that 50 pmol/kg NaHS
was effective on all parameters. In our study, we investigated
the NGAL and KIM-1 levels to identify AKI. NGAL is a
marker of injury to Kwon tubules in AKI. In recent times,
it was found that NGAL is upregulated in AKI. NGAL is a
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newly defined member of the lipocalin family significantly
expressed in injured epithelial cells. Injury of epithelial cells
causes glomeruli to secrete significant amounts of NGAL.
As a result, NGAL levels in urine increase [31]. KIM-1 is
a trans-membrane protein not expressed in normal kidneys.
However, KIM-1 is defined as the protein that increases most
in renal proximal tubules after kidney injury. This protein
occurs in many species including humans and animals and
occurs in kidneys exposed to acute and chronic injury [32].
In our study, were identified NGAL and KIM-1 levels sig-
nificantly increased compared to control levels after AKI
due to APAP. At 50 umol/kg dose of NaHS, both parameters
successfully reduced to control levels. In fact, Zhang et al.
[33] researched the effects of H,S on AKI developing after
amputation and observed renal KIM-1 levels reduced after
administration of H,S. A study by Lobb et al. [34] investi-
gated whether or not H,S reduced the ischemia/reperfusion
injury occurring after renal transplantation in Lewis rats
and identified KIM-1 levels reduced necrosis and apoptosis.
NuBbaum et al. [35] investigated the metabolic, cardiac and
renal effects of a molecule called GY'Y4137 which is a slow-
release H,S secretory molecule during resuscitation septic
shock in pigs with coronary artery disease. They identified
that this molecule reduced elevated NGAL levels. All these
studies support the results of our study.

The TNF-a and TGF-p values were investigated with
the aim of assessing the inflammatory process in AKI. At
50 umol/kg dose NaHS, both values were close to control
and NAC levels; in other words, the inflammatory process
was suppressed. A study by Chen et al. [15] researched
the protective effects of H,S on sepsis-related AKI. The
researchers created a model with lipopolysaccharide (LPS)
i.p. injection. In conclusion, the researchers revealed that
50 umol/kg dose of exogenous H,S showed protective effect
against AKI by inhibiting inflammation and oxidative stress
at the TLR4/NLRP3 pathway. This study complies with our
study results and in terms of the effective dose. This study
by Chen et al. used mice. However, they did not try different
doses of exogenous H,S. Sekijima et al. [36] in a study of
CLAWN miniature pigs showed that H,S had cytoprotective
effects on renal ischemia—reperfusion damage. In this study,
the levels of inflammatory cytokines showed similar results
to our study.

When oxidative stress is assessed, we see the TOS values
increased and TAS values decreased in the APAP group. The
noteworthy finding is that the TAS, TOS and OSI values in
the NAC and 50 pumol/kg NaHS groups were very similar
to each other. We see NaHS, especially at 50 umol/kg dose,
clearly compensated for the gap in antioxidant levels. Ibra-
him et al. [37] in a study of renal ischemia/reperfusion in a
rat model assessed the role of nitric oxide (NO) as a possible
mediator of NaHS effects. Similar to our study, they identi-
fied that NaHS lowered oxidant levels and improved the gap
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in antioxidant levels developing linked to ischemia/reperfu-
sion injury. The researchers identified the effects of NaHS at
100 pmol/kg dose in this study. We observed the same effect
of NaHS at lower doses. At 100 pumol/kg dose, we found a
deviation in the therapeutic effects for all parameters. The
researchers did not try lower doses in their study. A study by
Ali et al. [38] induced acute pulmonary inflammation with
lipopolysaccharides in male rats and concluded that H,S
reduced this inflammation and increased TAS levels. This
study by the researchers supports the results of our study.

H&E staining of tissues is one of the most commonly
used staining varieties for pathology diagnosis. In our study,
results show increased tubular injury linked to APAP toxic-
ity. This injury was reduced by NAC and 25 and 50 pmol/
kg doses of NaHS. However, the most effective improve-
ment was observed with 50 umol/kg NaHS dose. A study
by Wu et al. [39] was observed to obtain similar results.
The researchers studied the effects of H,S on the kidneys
of obese mice and they identified that 50 umol/kg H,S
improved tubular injury. Immunohistochemical analysis with
caspase staining observed 25 and 50 pmol/kg NaHS reduced
the number of apoptotic nuclei; however, 100 umol/kg dose
increased them. This result is similar to a study by Wu et al.
[40]. In this study, Wu et al. proposed that H,S inhibited
apoptosis and inflammation in rats improving chronic renal
failure and the results confirmed their hypothesis. This study
by Wu et al. investigated kidney tissue with H&E and Mas-
son trichrome staining and obtained similar results to our
study. A study by Yang et al. [41] investigated the protective
effect of H,S in kidneys of rats with type 1 diabetes and con-
cluded that H,S reduced caspase 3 activity and suppressed
cell apoptosis.

Another important result of our study is that in the group
administered 100 pmol/kg dose NaHS, all parameters devi-
ated from control levels. We interpret this result as being
due to H,S being toxic at high doses. However, the results of
our literature scan observed that some researchers used this
dose and even higher doses like 200 umol/kg and observed
effects [22, 37, 42]. Some researchers observed effects with
50 umol/kg dose [15]. In our study, we observed that at
50 umol/kg dose, all parameters for acute renal nephrotox-
icity reached control levels.

Conclusion

The results of our study showed that H,S improved AKI
induced with APAP, the most effective dose intervals are
between 25 and 100 umol/kg, that doses above 100 umol/kg
may begin to have toxic effects and that it may be as effective
as NAC used as antidote to APAP toxicity in the kidneys.
The antiapoptotic, anti-inflammatory and antioxidant effects
of H,S may play a role in preventing AKI induced by APAP.
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However, there is a need for more studies to determine the
dose interval.

Compliance with ethical standards
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