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Prunus laurocerasus L. Extracts Prevent Paracetamol-
induced Nephrotoxicity by Regulating Antioxidant

Status: An Experimental Animal Model

Kaan Kaltalioglu
Giresun University, Espiye Vocational School, Giresun, Turkey

ABSTRACT

aracetamol is a popular analgesic drug and its overdose may cause toxicity in the kidney.
PPrunu: laurocerasus L. (PL) is an important folklore medicinal plant that has antioxi-
dant properties. This study explores effects of PL fruit water and ethanol-water extracts
administrations on oxidative stress in paracetamol-induced nephrotoxicity. For this pur-
pose, 30 rats were divided into 5 groups: control, negative control (2 g/kg paracetamol), PL
fruit water extract (400 mg/kg PLW+ 2 g/kg paracetamol), PL fruit ethanol-water extract
(400 mg/kg PLEW+ 2 g/kg paracetamol) and positive control (150 mg/kg NAC+ 2 g/
kg paracetamol). 24 hours after the paracetamol induction, animals were sacrificed and
oxidative parameters were analyzed spectrophotometrically in kidney tissue. PLW and
PLEW extracts decreased MDA and NOx levels and increased SOD and CAT activities

in paracetamol-induced nephrotoxicity. PL fruit extracts can restore the oxidative changes
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caused by paracetamol.
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INTRODUCTION

P aracetamol (acetaminophen, N-acetyl-p-
aminophenol) is an antipyretic and analgesic
agent, which is inexpensive, easily accessible, and
safe at therapeutic doses. Therefore, it is widely used
by humankind [1,2]. However, paracetamol overdose
leads to toxicity in various organs, especially in liver
and kidney. Paracetamol-induced renal toxicity is
usually triggered by hepatotoxicity [3,4]. Excessive
usage of paracetamol has been linked to renal failure
in patients [5].

The liver is responsible for the majority of parace-
tamol metabolism, which involves conjugation with glu-
curonic acid and sulfate. In addition to them, N-Acetyl-
p-benzoquinone (NAPQ]I) is produced by cytochrome
P450 enzymes [1,6,7]. NAPQI is a highly reactive oxidant
for thiols and pyridine nucleotides in cells [8]. NAPQI
detoxification takes place after its reaction with cellu-
lar glutathione (GSH) at therapeutic doses, then produ-
ced non-toxic metabolites are eliminated in the urine
through the kidney [6,9,10]. Consequently, paracetamol
overdose causes depletion of hepatic GSH, and excessive
NAPQI binds to hepatocyte proteins, resulting in mi-
tochondrial dysfunction, inflammatory response, DNA

damage, hepatocellular injury, oxidative stress and lipid
peroxidation [8,11,12].

In order to attenuate paracetamol toxicity, N-Acetyl-
cysteine (NAC), a strong antioxidant and precursor
of reduced GSH (to replenish the GSH level), is cli-
nically used for a long time [13]. Alternatively, natu-
ral products that have antioxidant properties can be
used in the treatments of paracetamol toxicity [7].

Prunus laurocerasus L. (PL, Cherry laurel, locally
known as taflan) belongs to the Rosaceaceae family. PL
is found throughout southeast Europe and southwest
Asia, particularly along Turkey's Black Sea coast [14-16].
It has been reported in many studies that phenolics such
as chlorogenic acid, hydroxycinnamic acid, protocatec-
huic acid, syringic acid, p-coumaric acid, vanillic acid
are contained in PL fruit and thus it demonstrates pro-
tective antioxidant effects [17-19]. Traditionally, PL fruit
is utilized for many diseases including asthma, eczemas,
stomach ulcer, diabetes mellitus, hemorrhoids and co-
ugh. In addition to antioxidant effects, different PL fruit
extracts (water or ethanol) can have analgesic, diuretic,
antiinflammatory and antifungal effects [18,20].
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This study aims to investigate the impact of PL fruit
extracts (both water and ethanol-water) on oxidative stress
in paracetamol-induced nephrotoxicity.

MATERIAL AND METHODS

Chemicals and drugs

NAC was bought from Sigma-Aldrich (USA) and prepa-
red in distilled water. Paracetamol was purchased from
the Atabay Drug Company (Istanbul, Turkey) and a solu-
tion was dissolved in 1% carboxymethyl-cellulose (CMC)
in phosphate-buffered saline. All additional chemicals
were bought from Sigma-Aldrich (USA) and were of
analytical quality.

Plant materials and extraction techniques

PL fruit was obtained from a local producer in Giresun
province in Turkey and dried at 40 °C. The samples (20
g) were homogenized using a blender and were extracted
in water or ethanol-water solvents with Soxhlet appara-
tus for 7 days. The obtained extracts were filtered using
Whatman paper and a rotary evaporator was used to eva-
porate the solvents until they were completely dry.

Experimental design

The local animal experiment ethics committee at Gi-
resun University granted consent for this investigation
(2021/04). 30 male Wistar-Albino rats were utilized in
the experiment (250-300 g). All rats were kept in con-
ditions compliant with international standards. The
rats were divided up into five groups as shown in Table
1 (n=6). Twenty-four hours following inducing paraceta-
mol toxicity, all animals were sacrificed with high dose
anesthetics (ketamine and xylazine). After sacrifice, the
kidney tissue was taken quickly and frozen at -80 °C for
further analysis.

Determination of MDA levels

The levels of MDA, an important oxidant product and
an important marker in lipid peroxidation, in the collec-
ted kidney tissue samples were determined spectropho-
tometrically. In this method, thiobarbituric acid (TBA)
reacts with MDA to produce a color compound. [21]. In
order to homogenize the kidney tissues, ice-cold 0.15 M
KCI was used. After centrifugation at 2000 g, the super-
natant (1 mL) was taken and mixed with 0.67% TBA and
1% butylated hydroxytoluene.

Table 1. Group specifications

No Groups Specifications

Healthy, no administration

Control (n=6)

Group 1

. Received a single dose parace-
Negative control & P

Group 2 (Paracetamol) tamol (2 g/kg) by oral gavage
(n=6)
Received a single dose PL fruit
PLW water extract (400 mg/kg) by
Group 3  (PL fruit water extract+ oral gavage. After 1h, the para-
Paracetamol) cetamol (2 g/kg) was administ-
rated by oral gavage (n=6)
Received a single dose PL fruit
PLEW ethanol-water extract (400 mg/
Group 4  (PL fruit ethanol-water ~ kg) by oral gavage. After 1h, the
extract + Paracetamol)  paracetamol (2 g/kg) was admi-
nistrated by oral gavage (n=6)
Received a single dose NAC
. (150 mg/kg) by oral gavage.
Group 5 Positive control After 1h, the paracetamol (2 g/

(NAC + Paracetamol) kg) was administrated by oral

gavage (n=6)

Following that, the mixture was subjected to a 10-minu-
te heating session at 100 °C. Absorbance was recorded at
535 nm.

Determination of GSH levels

The levels of GSH were evaluated as defined by Aykag et
al. [22]. 5,5'-dithiobis(2-nitrobenzoic acid) (DTNB) in-
teracts with reduced GSH to create yellow color in this
method. In brief, kidney samples were homogenized as
MDA method. The homogenate was mixed with deprote-
inization solution (sodium chloride/ethylenediaminetet-
raacetic acid/metaphosphoric acid). After centrifugation
at 4000 rpm, the supernatant (0.5 mL) was added into 0.3
M Na2HPO4.2H20 solutions (2 mL). Following the additi-
on of 0.2 mL of Ellman reactive (DTNB and sodium citra-
te), the absorbance at 412 nm was determined.

Determination of SOD activities

Method proposed by Sun et al. [23] was used to evalu-
ate the SOD enzyme activity that relies on the xanthi-
ne-xanthine oxidase system, a superoxide producer, to
reduce nitro blue tetrazolium (NBT). First, kidney tissues
were homogenized in ice-cold 0.9% NaCl. After centri-
fugation at 7000 rpm, the supernatant (1 mL) was mixed
with ethanol—chloroform (3:5, v/v). Then, assay reagent
(xanthine, EDTA, NBT, Na.COs) was added to mixture.
50 uL xanthine oxidase was used to initiate the reaction
and reduce the NBT. At 560 nm, absorbance was obser-
ved. One unit of SOD is equal to the quantity of enzyme
that suppresses NBT by fifty percent.
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Determination of CAT activities

Aebi (1984) method [24] based on hydrogen peroxide
(H202 dismutation) was used to measure CAT activity.
In brief, H202 was utilized as the substrate, and the re-
duction in H2O2 amount in phosphate buffer at 20 °C was
measured using spectrophotometrically at 240 nm. CAT
activity was described as the quantity of enzyme neces-
sary to reduce 1 umol of H2O2 per minute.

Determination of NOx levels

The NOx levels were assessed using method described by
Miranda et al. [25] that relies on the Griess reaction. NOx
act as the stable end product of nitric oxide. First, kidney
samples were homogenized in phosphate buffer (pH 7).
After centrifugation at 3500 rpm, the supernatants (0.5
mL) were added to 0.3 M NaOH (0.25 mL). Then, vana-
dium trichloride was added to mixture. Following incu-
bation, Griess reagents were added. Sodium nitrite was
used as standard. Absorbances were recorded at 540 nm.

Statistical analysis

The Prism statistical package was used for all analyses (v.7,
GraphPad Software, USA). The data was shown using a
mean and standard deviation format. To determine sta-
tistical significance at the 0.05 level, one-way ANOVA
(with Tukey's multiple comparison test) were used.

RESULTS

Paracetamol administration decreased
antioxidant capacity and increased oxidative
stress in kidney compared to control group

In our study, it was determined that the MDA and NOx
levels in the negative control group, which was adminis

tered only paracetamol, increased approximately 2 times
when compared to the control group (p<0.05) (Table 2).
The negative control group had a significant reduction
in SOD and CAT activity compared to the control group
(p<0.05). Similarly, it was discovered that the GSH level
reduced in the paracetamol group compared to the cont-
rol group (p<0.05) (Table 2).

Effects of PLW, PLEW and NAC on MDA levels in
paracetamol-induced nephrotoxicity

As shown in Fig 1, the PLW, PLEW and NAC administ-
rations statistically decreased the MDA levels in kidney
when compared to the negative control group (p<0.05).
While PLEW administration was more effective than
PLW administration (p<0.05), it showed a similar effect
to NAC administration (p>0.05) (Table 2 and Fig 1).

Effects of PLW, PLEW and NAC on GSH levels in
paracetamol-induced nephrotoxicity

The PLW, PLEW and NAC administrations caused statis-
tically significant elevations in kidney GSH levels when
compared to the negative control group (p<0.05). More-
over, in the PLEW and NAC groups, the GSH level was
found to be significantly higher as compared to the PLW
group (p<0.05) (Table 2 and Fig 2).

Effects of PLW, PLEW and NAC on SOD activities
in paracetamol-induced nephrotoxicity

The decreased SOD activities in negative control group
significantly elevated after the PLW, PLEW and NAC ad-
ministrations (p<0.05). No statistically significant diffe-
rence was founded between the PLEW and PLW groups
(p>0.05). Considering the SOD activities, the effect of
PLEW administration was found to be similar to NAC
administration (p>0.05) (Table 2 and Fig 3).

Table 2. The effects of PLW, PLEW and NAC administrations on the MDA, GSH, SOD, CAT and NOx parameters in paracetamol-induced rats

CAT

MDA GSH SOD . NOx
Groups (umol/g tissue)  (umol/gtissue) (unit/mg tissue) (umol/H202/min (nmol/g tissue)
# & # 8 & /mg protein) 8
Control 41.99 +4.39a 5.90+0.23a 4.06 £0.27a 25.48 +1.58a 17.41 £ 1.05a
Negative control
95.73 £ 6.33d 3.89+£0.27b 1.88 £ 0.14b 15.42 + 1.41b 41.46 £2.27c
(Paracetamol)
PLW
. 75.08 £ 6.76¢ 4.83 £0.36¢ 3.09 £0.11c 23.07 £2.07a 21.93 + 1.64b
(PL fruit water extract + Paracetamol)
PLEW
(PL fruit ethanol-water extract + 60.35 + 6.24b 5.56 +0.33a 3.24+0.22¢cd 20.10 £ 1.74¢ 21.85+ 1.99b
Paracetamol)
Positi 1
ositive contro 6144+222b  549+0.28a 3.47+0.27d 20.09 + 1.18¢ 22.35 +0.46b

(NAC + Paracetamol)

* Same letters in each column were not significantly different (p>0.05). Each value is the mean + SD (n=6 for each group)
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Effects of PLW, PLEW and NAC on CAT activities
in paracetamol-induced nephrotoxicity

Our results demonstrated that the PLW, PLEW and NAC
administrations increased CAT activities of kidney tissue
as compared to negative control (p<0.05). While PLEW
administration was more effective than PLW administra-
tion (p<0.05), it showed a similar effect to NAC administ-
ration (p>0.05) (Table 2 and Fig 4).

MDA levels

Control

Negative Control d
(Paracetamol)

PLW
(PL fruit water extract + Paracetamol)

PLEW
(PL fruit ethanol-water extract + Paracetamol)

Positive Control
(NAC + Paracetamol)

Q & & &
nmol/g tissue

Figure 1. Comparison of PLW, PLEW, NAC administrations and negati-
ve control groups in terms of MDA levels

GSH levels

Control

Negative Control
(Paracetamol)

PLW
(PL fruit water extract + Paracetamol)

PLEW
(PL fruit ethanol-water extract + Paracetamol)

Positive Control
(NAC + Paracetamol)

pmol/g tissue

Figure 2. Comparison of PLW, PLEW, NAC administrations and nega-
tive control groups in terms of GSH levels

SOD activities

Control a

Negative Control
(Paracetamol)
PL
(PL fruit water extract + Paracetamol)

PLEW
(PL fruit ethanol-water extract + Paracetamol)

Positive Control
(NAC + Paracetamol)

unit/mg tissue

Figure 3. Comparison of PLW, PLEW, NAC administrations and nega-
tive control groups in terms of SOD activities

Effects of PLW, PLEW and NAC on NOx levels in
paracetamol-induced nephrotoxicity

As shown in Fig 5, a significant decrease was detected
in the NOx level of PLW, PLEW and NAC administra-
tion groups as compared to the negative control group
(p<0.05). When both the PLW, PLEW and NAC administ-
ration groups were compared, no statistically difference
was found in terms of kidney tissue NOx levels (p>0.05)

(Table 2 and Fig 5).

CAT activities

Control a

Negative Control
(Paracetamol)

PLW
(PL fruit water extract + Paracetamol)

PLEW
(PL fruit ethanol-water extract + Paracetamol)

Positive Control c
(NAC + Paracetamol)

° o o S
pmol/H,0,/min /mg protein

Figure 4. Comparison of PLW, PLEW, NAC administrations and nega-
tive control groups in terms of CAT activities

NOx levels

Control

Negative Control c
(Paracetamol)

PLW
(PL fruit water extract + Paracetamol)

PLEW
(PL fruit ethanol-water extract + Paracetamol)

Positive Control b

(NAC + Paracetamol)

° K > S © B

nmol/g tissue

Figure 5. Comparison of PLW, PLEW, NAC administrations and nega-
tive control groups in terms of NOx levels

DISCUSSION

Although paracetamol is a strong analgesic drug, it shows
harmful side effects when used excessively. Oxidative
stress is one of these side effects [3,4]. It damages DNA,
lipids and proteins in cells and thus it deteriorates tissues.
As aresult, it causes toxicity in liver and kidney [8,9]. This
study aimed to attenuate nephrotoxicity through P. lau-
rocerasus L. fruit extract, which has various bioactivities.

Oxidative stress is one of the important indicators of
tissue damage and toxicity. In our investigation, paraceta-
mol administration exacerbated oxidative stress (MDA)
while decreasing enzymatic (SOD and CAT) and non-
enzymatic (GSH) antioxidant capacity. The findings are di-
rectly in line with previous findings. They have also found
that over doses of paracetamol increase oxidative stress and
lipid peroxidation, which is linked with paracetamol toxi-
city [2,26,27]. MDA, a final product of lipid peroxidation,
has been commonly used for long times as a useful marker
for oxidative stress [28]. An increased MDA level suggests
a lack of antioxidant capability against oxidants, which ca-
uses tissue damage [29]. Our results showed that the PLW,
PLEW and NAC administrations alleviated oxidative stress
by reducing the MDA level compared to the negative cont-
rol group (Table 2 and Fig 1). This data supports result from
previous study by Eken et al. (2017) [29]. Considering results
were quite compatible with literature, it can be said that PL
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fruit extracts protect the kidney against paracetamol-in-
duced oxidative toxicity. Moreover, PL fruit ethanol-water
extract (PLEW) showed close efficacy to the reference drug,
NAC. This positive effect may be due to the fact that PL fruit
is a rich source of phenolics and therefore shows antioxidant
activity.

GSH, comprised of cysteine, glutamic acid, and glyci-
ne, is a powerful member of the antioxidant defense mec-
hanism. This popular antioxidant protects cells from oxi-
dants (such as superoxide radicals, hydrogen peroxide) by
acting as a radical scavenger [30]. Likewise, GSH also has
a scavenging effect on NAPQI [31]. In our study, the PLW,
PLEW and NAC administrations restored GSH levels in pa-
racetamol-induced nephrotoxicity (Table 2 and Fig 2). The
PLEW demonstrated an impact similar to NAC, which was
consistent with the obtained MDA results. Uslu et al. (2018)
reported that PL ethanol-water extract increases GSH level
at different doses in diabetes-induced kidney tissue [14]. In
light of these results, we can say that PL fruit extracts pro-
tect the kidney against oxidative toxicity through nephrotic
GSH depletion.

Enzymatic antioxidants are essential in the detoxifica-
tion of free radicals and reactive oxygen species (ROS) [32].
SOD and CAT are enzymatic antioxidants that protect cells
from oxidative stress. Our results demonstrated that the
PLW, PLEW and NAC administrations elevated SOD and
CAT activities as compared to negative control groups (Tab-
le 2 and Fig 3,4). Additionally, the effects of water and etha-
nol-water extracts of PL fruit are similar. Confirming these
results, Eken et al. (2017) indicated that cherry laurel fruit
methanolic extract administration increased the SOD and
CAT activities, and the parameters affected by oxidative
stress returned to almost normal levels [29]. SOD converts
the harmful superoxide anion into oxygen and hydrogen
peroxide, whereas CAT converts hydrogen peroxide into
oxygen and water [32]. Our results suggest that PL fruit ext-
racts increase the antioxidant capacity of kidney tissue by
increasing SOD and CAT activity in our study.

NO, ROS and their interactions play significant roles
in renal function regulation. Renal disorders are linked to
oxidative stress and nitric oxide reduction [33]. The reacti-
on between nitric oxide and the superoxide radical produ-
ces peroxynitrite. Peroxynitrite is a dangerous oxidant that
causes extensive tissue damage, including lipid peroxidati-
on and enzyme inactivation [34]. Our results showed that
PLW, PLEW and NAC administrations had a similar effect
on NOx levels and reduced them compared to the negative
control group (Table 2 and Fig 5). This finding was also re-
ported by Aydin Berktas and Gulec Peker (2022) [35]. Chlo-
rogenic acid is one of the main phenolic compounds of the
PL fruit [17-19]. Moreover, Ohno et al. (2012) determined

that chlorogenic acid reduces inducible nitric oxide syntha-
se expression and NO generation in rat hepatocytes [36]. As
a consequence, the chlorogenic acid in PL fruit can be attri-
buted to its NO-reducing impact in renal tissue.

CONCLUSION

In conclusion, this research indicates that the pretreat-
ment of PL fruit extracts has protective properties against
paracetamol-induced nephrotoxicity in rats. When the
extracts are compared in terms of alleviating oxidative
toxicity, it can be said that ethanol-water extract is more
effective in terms of MDA and GSH parameters, and wa-
ter extract is more effective in terms of CAT parameter.
However, future investigations are required to better exp-
lain therapeutic properties of PL fruit at different doses.
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