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Abstract: In spite of its well-known nephrotoxicity, gentamicin is nonetheless routinely used in hu-
mans and animals. However, no adjuvant treatments have been implemented to mitigate this harmful
effect. Given this concern, medicinal plants represent a significant reservoir of natural antioxidants
that could potentially reduce the renal oxidative stress induced by gentamicin. Therefore, the main
objective of this research was to investigate the nephroprotective properties of Cornus mas and Sorbus
aucuparia fruits in an experimental model of nephrotoxicity. The 3-week study was performed on
male Wistar rats, which were randomly divided into six experimental groups, being subcutaneously
treated with 50 mg/kg gentamicin and orally given Cornus mas and Sorbus aucuparia extracts, in
doses of 40 mg/kg and 10 mg/kg, respectively. Antioxidant therapy significantly improved the nitro-
oxidative stress parameters as well as the specific renal biomarkers KIM-1 and iNAG, demonstrating
a considerable renal tubular protective impact. These outcomes were reinforced by biochemical and
histopathological enhancements. Nevertheless, neither of the tested extracts succeeded in substan-
tially diminishing BUN levels. Additionally, CysC did not significantly decline following extracts
treatment, suggesting that the remedies did not effectively protect renal glomeruli against gentamicin
stress. Future studies are required in order to determine the underlying mechanisms of these berries.

Keywords: Cornus mas L. fruits; Sorbus aucuparia L. fruits; gentamicin-induced nephrotoxicity; antioxidant
capacity; oxidative stress; nitrosative stress; Cystatin C; KIM-1; iNAG

1. Introduction

Acute kidney injury (AKI), also referred to as acute renal failure, is defined as a
drastic decrease in glomerular filtration rate and a rapid increase in serum creatinine level,
inevitably resulting in acute uremia and alterations of urine output [1]. AKI represents
a major healthcare issue around the world, involving roughly 13.3 million individuals
globally each year [2]. Similarly to humans, companion animals develop AKI as well. It
was discovered that cats have higher AKI-related mortality rates when compared to dogs
(53.1% vs. 45%) [3]. AKl is linked to elaborate pathophysiological processes [4] and is also
brought on by a wide range of intricate causes, which are categorized into prerenal, renal,
and postrenal AKI [2]. However, despite the broad spectrum of AKI occurrences, one of
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the main causes of this condition, which affects both humans and animals, is represented
by nephrotoxicity.

As such, nephrotoxicity can be described as any form of renal damage caused by over-
doses of medicines and toxins. Worryingly, 15% of AKI cases diagnosed in ICUs (Intensive
Care Units) are caused by drug-induced nephrotoxicity, being the third most common
cause of AKI [5]. Drugs may induce glomerular injury, interstitial nephritis, and/or acute
tubular damage as a result of direct nephrotoxicity, as well as a decrease in renal perfusion
as a result of indirect nephrotoxicity [2]. The most frequent type of drug-induced nephro-
toxicity seen in ICUs is acute tubular necrosis, which is largely linked to certain antibiotics,
chemotherapeutics, antifungals, antivirals, contrast media, and other drug classes. [6]. In a
nearly identical manner, for canines and felines, nephrotoxic substances are likely the main
source of AKI’s unfavorable consequences. The most dangerous primary cause of acute
kidney injury is ethylene glycol poisoning, which has a mortality rate of almost 100%. Com-
pared to dogs, cats are substantially more sensitive to drug-induced nephrotoxicity in terms
of prevalence [3,7]. Nonetheless, one of the most well-known groups of antibiotics that
generate nephrotoxicity, in both humans and animals, is represented by aminoglycosides,
with researchers showing a particular interest in gentamicin’s nephrotoxicity.

Gentamicin is an antimicrobial drug that is used in clinical settings due to its broad
range of activity against Gram-negative pathogens, such as Proteus, Pseudomonas, Klebsiella,
Escherichia, and Serratia. The glomerular filtration process entirely removes unaltered
gentamicin from the organism, predisposing it to accumulate in the renal cortex. As a result
of the accumulation at the renal level and the establishment of various complex pathological
processes, nephrotoxicity is a well-known adverse effect of this antibiotic, which is regarded
as the most nephrotoxic antibiotic of the aminoglycoside class, displaying severe impacts
even at low doses. As such, gentamicin-induced nephrotoxicity is characterized by its
absorption in the renal proximal convoluted tubule cells, specifically in the lysosomes,
where it determines changes in the enzymatic processes, which may further induce a simple
loss of cells” brush border or, in more severe instances, an acute tubular necrosis [8-11].
Furthermore, it is believed that oxidative stress plays a crucial part in the nephrotoxicity
caused by gentamicin. Thus, the formation of reactive oxygen species (ROS) by renal
cortical mitochondria, namely hydrogen peroxide (H>O,), hydroxyl radical (OHe), and
superoxide anion (O, ~*), along with a rise in lipid peroxidation and protein oxidation, are
all linked to gentamicin and ultimately result in renal structural and functional decline.
Moreover, it has been shown experimentally that the production of ROS causes a decrease
in the endogenous antioxidant defense mechanisms, including a reduction in the activity
of the antioxidant enzymes superoxide dismutase (SOD), catalase (CAT), and glutathione
peroxidase (GPx) [9,10,12]. In light of this worry, natural reserves such as medicinal herbs
represent a valuable source of natural antioxidants that can be utilized as therapeutics to
alleviate the renal toxicity induced by pharmaceuticals that promote oxidative stress [10].

One such medicinal herb might be Cornus mas L., also referred to as European cornelian
cherry or dogwood, that is part of the Cornaceae family. It is a broadleaf tree that is widely
spread over the Caucasus and Southeast Europe [13,14]. In traditional medicine, Cornus
mas L. fruits have been utilized for centuries in the treatment of various ailments [15,16]. In
accordance with previously published research, a wealth of biologically active chemical
compounds has been identified in these berries. As such, anthocyanins, iridoids, pheno-
lic acids, flavonoids, and tannins are the most commonly described organic compounds
present in Cornus mas L. fruits [17]. Therefore, these fruits have been the focus of several
studies, demonstrating that they possess multiple biological activities [18], the most impor-
tant of which is the antioxidant effect. This property was evaluated in both in vitro [19-21]
and in vivo models [22-24], indicating a protective impact against the harmful effects of
oxidative stress encountered in various pathologies.

Sorbus aucuparia L., commonly known as European rowanberry or mountain ash, is
a deciduous shrub widely grown in the European continent, belonging to the Rosaceae
family. Due to their well-known high nutritional content, these fruits have been used in
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folk medicine to cure a variety of diseases [25-27]. According to earlier studies regarding
the phytochemical profiling, it was revealed that Sorbus aucuparia L. fruits possess an
increased quantity of organic acids (particularly ascorbic acid), polyphenols (especially
phenolic acids—chlorogenic and neochlorogenic acids), carotenoids, and microelements.
However, its phytochemical characterization remains incomplete, as future studies are
required [25,28]. Furthermore, the biological activities of Sorbus aucuparia L. have received
very little research, although antioxidant activity has been identified as a key component
of their health-promoting abilities. Nevertheless, this property has been investigated in
a limited number of in vitro studies, such as scavenging experiments using artificial free
radicals [25,27,29]. Further research into its biological processes is therefore required,
perhaps even including in vivo experiments, with an emphasis on its antioxidant qualities
in relation to oxidative stress.

Following earlier research [30] that indicated a significant cytoprotective impact of
Cornus mas L. fruits in gentamicin-induced nephrotoxicity on primary renal epithelial cells
in vitro, we chose to further the research by examining the potential nephroprotective
effect of Cornus mas L. fruits in the context of gentamicin-induced nephrotoxicity in a
rat experimental model. Furthermore, given that the fruits of Sorbus aucuparia L. were
discovered to contain a variety of important active constituents and that recent in vitro
studies suggested they have a significant antioxidant capacity, we felt it was essential to
extensively evaluate the antioxidant and nephroprotective benefits of these fruits, as, to
the best of our knowledge, there have been no previous in vivo studies discussing their
great antioxidant potential in kidney disease. Thus, the aim of this paper was to investigate
the nephroprotective effect of Cornus mas L. and Sorbus aucuparia L. fruits in gentamicin-
induced nephrotoxicity in a rat experimental model, with a focus on their antioxidant
properties in connection with oxidative stress, which may contribute to the creation of
novel medications to prevent the onset or slow the evolution of drug-induced renal injury.

2. Materials and Methods
2.1. Reagents and Chemicals

Elabscience Biotechnology Inc., Texas, HT, USA and AMEDA Labordiagnostik GmbH,
Graz, Austria provided the analysis kits that were employed in this experiment. Gentam-
icin injectable solution was supplied by Dopharma, Timisoara, Romania. The additional
chemicals were purchased from Merck and Sigma Aldrich, both of Darmstadt, Germany.

2.2. Collection of Plant Components and Arrangement of Fruit Samples

On the hillsides of Marisel commune, Cluj County, Romania (46°40'03.7” N 23°06/35.6" E),
Cornus mas L. and Sorbus aucuparia L. trees were harvested for their twigs containing leaves
and fruits, in August-September 2021. After plant identification, the twigs, leaves, and seeds
were manually detached and the total quantity of fruit kernels was divided into sample
packets, each holding approximately 100 g, and refrigerated at —18 °C for further analysis.

2.3. Preparation of Cornus mas L. and Sorbus aucuparia L. Fruit Extracts

Firstly, both types of fruits were defrosted and dried using a TEESA TSA3031 dehu-
midifier (Lechpol Electronics Leszek Sp. K., Garwolin, Poland) set at 45 °C for seven days
and further ground into a fine powder. In the case of Cornus mas L. fruits, an ethanolic
extract was prepared. As such, 30 g of fruit powder together with 300 mL of 96% ethanol
were employed for the extraction. A magnetic centrifuge operating at 1000 rpm was
used to homogenize the resultant mixture for two hours. Following centrifugation, the
mixture was filtered, and the powder residuum was extracted repeatedly by employing
the same techniques. Additionally, using an Eppendorf Concentrator Plus evaporator
(Eppendorf, Hamburg, Germany) set at 45 °C, the resultant extracts were combined and
concentrated by evaporation, up until the entire volume of ethanol was vaporized. Lastly,
the obtained concentrated fruit extract was diluted in distilled water and further used for
direct measurements and experimental protocols.
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In order to establish the dosage of the Cornus mas L. fruit extract to be administered
to the rodents, the total polyphenolic content was considered, which was measured using
the Folin—Ciocélteu method. As a result, an indicated dose of 40 mg polyphenols/kg
b.w. (corresponding approximately to 13.5 mg polyphenols/animal) was employed for
the experiment, as a similar amount had previously been determined to be harmless [31].
Moreover, the extract dose needed for each individual was calculated in mL based on their
weight. Finally, after determining the overall quantity required, the extraction was carried
out repeatedly until the necessary amount of phenolic compounds was obtained.

Regarding Sorbus aucuparia L. fruits, because information from the reviewed liter-
ature suggested that these berries are rich in lipophilic compounds [27,32], particularly
carotenoids, which have a much lower solubility in alcohol, we believed it would be in-
triguing to perform a specific carotenoid extraction. As a result, 75 g of fruit powder was
extracted using a 270 mL mixing solution of methanol: ethyl acetate: petroleum ether 1:1:1
(v/v/v). Following the 2 h homogenization, straining, and powder sediment re-extraction,
the appropriate filtrates were pooled in a separator funnel and further sequentially parti-
tioned with water, diethyl ether, and saturated NaCl solution. Moreover, the organic phase
was isolated and put through anhydrous Nay;SOy4 to remove the remaining water and was
later exposed to rotational evaporation at 40 °C. The remaining oleoresin was dissolved
in Medium-Chain Triglycerides (MCT) oil. This excipient has previously been used and
proven to be safe [33]. The final extract was employed for subsequent investigations and
experimental protocols.

Similar to Cornus mas L., the dose of Sorbus aucuparia L. fruit extract was established
by measuring total carotenoids, through a spectrophotometric assay, and by reviewing pre-
viously published studies [34,35]. As such, a suggested dose of 10 mg total carotenoids/kg
b.w. (being almost equivalent to 8.75 mg total carotenoids/animal) was utilized for the
in vivo study. For oral administration, the extract dose was adjusted in milliliters for each
individual. The extraction was performed until the entire quantity of total carotenoids
needed was obtained.

2.4. Experimental Rodents

The study was carried out at the Cluj-Napoca, Romania, Faculty of Veterinary Medicine’s
accredited Animal Research Center. Forty-eight adult male Wistar rats employed for the
experiment, weighing approximately 300 g, were purchased from the Institutional Biobase
of the University of Medicine and Pharmacy “Iuliu Hatieganu”, Cluj-Napoca, Romania.
The housing conditions were arranged in accordance with Ordinance 63/2010/EU and
ISO 10993-6 specifications [36]. As such, after randomly dividing the animals into 6 equal
groups of 8 individuals each, they were placed and maintained in air-conditioned cages
with a 12 h diurnal cycle, at an ambient temperature of 25 + 2 °C and a humidity level
of 55 £ 10%. Also, the individuals had access to conventional rodent food acquired from
the Cantacuzino Institute of Bucharest, Romania, and fresh tap water ad libitum. The
subjects were acclimatized in this setting for one week prior to the experimental protocols.
Importantly, all animal procedures complied with the requirements of State Law No.
43/2014 and Ordinance 63/2010. The research was approved by the Ethics Committee of
the University of Agricultural Sciences and Veterinary Medicine, Cluj-Napoca, Romania (no.
256/21.04.2021) as well as the Regional Sanitary Veterinary and Food Safety Authority (no.
274/12.11.2021). Also, the application of surgical methods complied with ISO 10993-6 [36].

2.5. Experimental Design

A number of 48 mature male Wistar rats were randomly assigned to one of the six
following groups:

Group [—Control (n = 8): received 0.5 mL saline solution (NaCl) 0.9% subcutaneously
for 21 days;
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Group II—Gentamicin (1 = 8): received 50 mg/kg gentamicin (GentaJect 10% ©,
Dopharma, Romania) subcutaneously for 11 days followed by 0.5 mL NaCl 0.9% subcuta-
neously for another 10 days;

Group III—Cornus mas L. (n = 8): received 40 mg/kg Cornus mas L. fruit extract orally
for 21 days;

Group IV—Sorbus aucuparia L. (n = 8): received 10 mg/kg Sorbus aucuparia L. fruit
extract orally for 21 days;

Group V—Gentamicin + Cornus mas L. (n = 8): received 50 mg/kg gentamicin subcu-
taneously and 40 mg/kg Cornus mas L. fruit extract orally for 11 days followed by 0.5 mL
NaCl 0.9% subcutaneously and 40 mg/kg Cornus mas L. fruit extract orally for another
10 days;

Group VI—Gentamicin + Sorbus aucuparia L. (n = 8): received 50 mg/kg gentamicin
subcutaneously and 10 mg/kg Sorbus aucuparia L. fruit extract orally for 11 days followed
by 0.5 mL NaCl 0.9% subcutaneously and 10 mg/kg Sorbus aucuparia L. fruit extract orally
for another 10 days.

During the study, survival rate, pain, infection establishment, urine production and
water intake were all thoroughly monitored. On days 1, 11, and 21, measurements of body
mass along with collection of blood and urine samples were performed. Consequently,
under general anesthesia, complete blood samples were obtained from the infraorbital
sinus and placed in EDTA (Ethylene Diamine Tetra-Acetic Acid) and heparin-coated micro
tubes for hematological and biochemical analyses, respectively. An amount of approxi-
mately 1-2 mL of blood was collected from each individual. Centrifugation (3000 rpm
for 5 min) was used to prepare the heparin tubes in order to extract the plasma needed
for further dosing. Moreover, after trimming and cleaning the ventral abdominal area, an
ultrasound-guided cystocentesis was used to collect urine samples. They were placed in
sterile Eppendorf tubes and further centrifuged at 1000 rpm for 5 min. After centrifugation,
the supernatant was employed for subsequent determinations.

On the 22nd day of the experimental period, all subjects were painlessly sacrificed
through cervical dislocation while under general anesthesia, in conformity with interna-
tional protocols [37]. Following this procedure, abdominal incisions were performed in
order to excise kidney and liver samples for further tissue biochemical analysis. A part of
each of these samples were cleaned with phosphate-buffered saline solution and fixed in
paraformaldehyde for subsequent histopathological examination.

2.6. Blood Analysis
2.6.1. Hematological Analysis

An automated Abaxis VetScan HM5 hematology analyzer (Abaxis Inc., Union City,
CA, USA) was used to perform the hematological analyses on whole blood to determine
the complete blood count: white blood cells (WBS), lymphocytes (LYM), monocytes (MON),
neutrophils (NEU), red blood cells (RBC), hemoglobin (HGB), hematocrit (HCT), and
platelet count (PLT).

2.6.2. Biochemical Analysis

An automated Element RC clinical biochemistry analyzer (Scil Animal Care Company,
Altorf, France) was employed for performing biochemical analyses on whole blood in
order to determine the following parameters: total proteins (PT), albumin (ALB), globulin
(GLOB), alanine aminotransferase (ALT), alkaline phosphatase (ALP), glucose (GLU), blood
urea nitrogen (BUN), and creatinine (CREA).

2.6.3. Rat Cystatin C (CysC) Activity Assay

Cystatin C activity was determined using a quantitative ELISA assay kit (Elabscience
Biotechnology Inc., Houston, TX, USA). The principle of assessment involves the quantita-
tive sandwich enzyme immunoassay technique. This measurement was assessed in line
with the instructions provided in the kit. The absorbance was measured spectrophotometri-
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cally at a wavelength of 450 nm. A standard curve with six distinct values ranging from
0.09 to 2.81 ng/mL was obtained for calculation. The results were expressed as ng/mL.

2.6.4. Rat Kidney Injury Molecule 1 (KIM-1) Activity Assay

Similar to Cystatin C, a quantitative ELISA assay kit (Elabscience Biotechnology
Inc., Houston, TX, USA) was employed for measuring Kidney Injury Molecule 1. This
assay involves the sandwich ELISA principle. The guidelines provided in the kit were
followed for the assessment. At a wavelength of 450 nm, the absorbance was measured. For
calculation, a standard curve with six concentration levels, in the range of 0.12-1.22 ng/mL,
was obtained. The outcomes were presented in ng/mL.

2.6.5. Markers of Nitro-Oxidative Stress
o Catalase (CAT) Activity Assay

CAT activity was determined using a colorimetric assay kit (Catalase (CAT) Activity
Assay Kit—Elabscience Biotechnology Inc., Houston, TX, USA). The detection principle is
defined as the ability of catalase to interact with hydrogen peroxide, as the remaining H,O,
combines with ammonium molybdate to generate a yellow complex, which can be detected
spectrophotometrically at 405 nm. The assay protocol was conducted in accordance with
the kit’s instructions. The spectrophotometric measurement was performed using the
SPECTROstar® Nano spectrophotometer (BMG Labtech, Ortenberg, Baden-Wiirttemberg,
Germany). The outcomes were expressed as U/mL.

e  Superoxide Dismutase (SOD) Activity Assay

SOD analysis was carried out using a similar colorimetric assay kit (Total Superoxide
Dismutase (T-SOD) Activity Assay Kit (Hydroxylamine Method)—Elabscience Biotechnol-
ogy Inc., Houston, TX, USA). The method’s principle is based on the capacity of SOD to
inhibit superoxide anion free radicals, which in turn inhibits the formation of nitrite (purple
color complex), as the intensity of the color is reversely proportional to the quantity of the
antioxidant enzyme. The samples were prepared following the instructions of the manufac-
turer. The samples” absorbances were measured in contrast with blank (distilled water) and
standard samples, at 550 nm, using the spectrophotometer mentioned above. The results
were calculated based on a mathematical formula described in the kit’s instructions and
were further given in U/mL.

e  Glutathione Peroxidase (GPx) Activity Assay

A Glutathione Peroxidase (GSH-Px) Colorimetric Assay Kit (Elabscience Biotechnol-
ogy Inc., Houston, TX, USA) was employed for measuring glutathione peroxidase. The
kit’s principle is based on the detection of reduced glutathione (GSH), involved in both
enzymatic (catalyzed by GSH-Px) and non-enzymatic reactions, and its spectrophotometric
measurement at 412 nm. The assay’s operation steps, measurements and calculations were
conducted according to the manufacturer’s instructions. GPx activity was expressed as U.

e Total Antioxidant Capacity (TAC) Activity Assay

TAC was assessed employing a commercially available colorimetric kit purchased
from Elabscience Biotechnology Inc., Houston, TX, USA. The fundament of this assay is
represented by the capability of antioxidants to reduce Fe?* to Fe?*, which further forms,
together with phenanthroline substance, stable complexes. The instructions provided in
the kit were followed carefully for assessment. Each sample’s absorbance was measured
at 520 nm against blank (distilled water) and control. The measurements were performed
using the SPECTROstar® Nano—BMG Labtech, Ortenberg, Baden-Wiirttemberg, Germany.
The data were provided in U/mL.

e Malondialdehyde (MDA) Activity Assay

MDA was measured using an assay kit from Elabscience Biotechnology Inc., Houston,
Texas, USA (Malondialdehyde, MDA, Colorimetric Assay Kit). The approach is based on
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the interaction of MDA with thiobarbituric acid (TBA), which results in the creation of an
MDA-TBA complex that can be quantified spectrophotometrically. The preparation of the
samples followed the kit’s instructions. Using the earlier mentioned spectrophotometer,
the absorbance of the samples was evaluated in comparison to a blank (distilled water)
at 532 and 600 nm, respectively. The difference between the absorbance at 532 nm and at
600 nm was used to compute the final absorbance. The results were given in nmoL/mL.

e Nitric Oxide (NO) Activity Assay

The NO Colorimetric Assay Kit (Elabscience Biotechnology Inc., Houston, TX, USA)
is a commercial kit used to measure NO levels. The principle of assessment involves the
oxidation of NO in aqueous solution and the subsequent formation of NO, ~, which com-
bines with the chromogenic agent and further forms a crimson compound. By determining
the compound’s absorbance at 550 nm, the concentration of NO can be indirectly deter-
mined. Samples were prepared in accordance with the producer’s instructions. Samples’
absorbances were measured using 1 cm cuvettes and the SPECTROstar® Nano spectropho-
tometer. The data were ultimately expressed in umol/L.

2.7. Urine Analysis
Urinary N-Acetyl-B-D-Glucosaminidase Index (iNAG) Activity

N-Acetyl-B-D-Glucosaminidase (NAG) activity was determined using a commercially
available colorimetric assay kit obtained from Elabscience Biotechnology Inc., Houston, TX,
USA. The methodology principle is based on the ability of the NAG enzyme to hydrolyze
4-Nitrophenyl N-Acetyl-B-D-Glucosaminide substrate, with the release of p-nitrophenol,
which can be measured spectrophotometrically at 400 nm. Following the kit’s instructions
regarding the assay protocol, measurements, and calculation, urinary NAG concentrations
were expressed as U/L.

Urinary creatinine was assessed using a colorimetric assay kit (AMEDA Labordiag-
nostik GmbH, Wien, Austria), based on the Jaffe reaction. The samples were prepared
according to the instructions in the kit. The samples’ absorbances were measured using
the spectrophotometer mentioned previously, at a wavelength of 510 nm. The results were
further provided in g/L.

The NAG index was further calculated utilizing the results obtained from urinary
NAG and creatinine assessments, employing the following equation [38]:

iNAG (U/g) = urinary NAG (U/L)/urinary creatinine (g/L)

2.8. Tissue Analysis
2.8.1. Preparation of Kidney and Liver Tissue Homogenates

The protocol for obtaining the tissue extracts was performed in accordance with
Evelson et al. [39], with slight modifications. Following washing for excess blood removal
and weighing, the tissue samples were homogenized in PBS (0.01 mM, pH 7.34) at a tissue—
buffer ratio of 1 g/9 mL. The homogenates were then centrifuged at 10 x 10,000 rpm for
2 min and the supernatant was used for further determinations.

2.8.2. Total Proteins

After obtaining the kidney and liver tissue homogenates, total protein concentration
was assessed using the Biuret method [40]. The absorbances were measured at 555 nm using
the SPECTROstar® Nano (BMG Labtech) spectrophotometer. The results were expressed
as mg protein/g tissue.

2.8.3. Markers of Nitro-Oxidative Stress

Catalase (CAT), superoxide dismutase (SOD), glutathione peroxidase (GPx), total
antioxidant capacity (TAC), malondialdehyde (MDA), and nitric oxide (NO) were analyzed
from tissue homogenates, using the same analysis kits purchased from Elabscience Biotech-
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nology Inc., Houston, TX, USA, as previously described in plasma analyses. The outcomes
were presented in U/g tissue, nmoL /g tissue, and umol/g tissue, respectively.

2.9. Histopathological Examination

Fragments of kidney and liver tissue were sectioned into 4 mm thick slices and
preserved in 10% formalin for five days. They were subsequently treated with three 1-
butanol baths followed by progressive dehydration with 70%, 96%, and 100% ethyl alcohol
for one hour each. Following fixation, samples were prepared for histology by being
embedded in paraffin, cut into 5 pm sections using a Leica rotary microtome (RM2125,
Wetzlar, Germany), and stained with Goldner’s trichrome. An Olympus BX-41 microscope
coupled with an Olympus E330 camera (Olympus, Tokyo, Japan) was used to evaluate the
slides. The observed modifications were scored as follows:

e Renal tissue:

0 = unmodified histological aspect

1 = zonal septal congestion with isolated vacuolar degenerative lesions

2 = zonal septal congestion, vacuolar degeneration, and isolated apoptosis of the
tubular epithelium

3 = diffuse septal congestion, glomerular congestion, multifocal vacuolation, and
apoptosis of the tubular epithelium

4 = coagulative necrosis of the tubular epithelium along with the presence of proteina-
ceous material in the lumen of the renal tubules

° Liver tissue:

0 = unaltered liver parenchyma

1 = localized vacuolar degenerative lesions

2 = multifocal vacuolar degeneration with isolated hepatocyte apoptosis

3 = diffuse hepatocyte vacuolation throughout the liver lobule and isolated hepato-
cyte apoptosis

2.10. Statistical Analysis

After each assessment was conducted in three replicates, the data were presented as
mean £ SD. The statistical assessment was carried out using the statistical program Graph
Pad Prism 8 (San Diego, CA, USA). Data analysis was performed employing one-way
ANOVA and two-way ANOVA. The threshold for significance was set at p < 0.05.

3. Results
3.1. General Clinical Examination and Body Weight Monitoring

Throughout the experiment, the subjects’ overall health was carefully monitored and
some changes were recorded. Consequently, piloerection and anorexia were noticed in
the GEN group, while none of these symptoms were noted in the other groups, proving
that the herbal medication had neither harmful nor deleterious effects. However, no rats
showed signs of pain, infection establishment, altered urine output, reduced water intake,
or decreased appetite. Additionally, three weighings of the individuals were performed, as
shown in Figure 1.

The Control group did not show any significant fluctuations in body mass. The
gentamicin-treated rats recorded a body weight of 325.79 4 34.26 gon day 1,311 £=23.94 ¢
on day 11, and 275.06 &£ 31.64 g on day 21. Thus, a significant decrease in body mass was
observed from day 11 to day 21 (p < 0.05). Comparatively to the other groups, this group
recorded the lowest body weight before euthanasia. Furthermore, in the Cornus mas L.
and Sorbus aucuparia L. extract-treated groups, a significant increase in body weight was
observed from day 1 to the last day (p < 0.05), with rats increasing from 291.75 £ 32.38 g
to 337.5 + 24.10 g and from 290.08 4 26.36 g to 333.83 £ 22.33 g, respectively. Further,
while no significant weight fluctuations were observed in the gentamicin and Sorbus
aucuparia L. extract-treated subjects, the gentamicin and Cornus mas L. extract-treated group
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showed a significant decrease in body weight from day 1 (300.36 £ 20.39 g) until day 11
(262.79 + 27.90 g) (p < 0.05). Subsequently, individuals showed an increase in weight on
day 21 (286.69 £ 26.36 g), without statistical significance. This could be attributed to the
protective effect of Cornus mas L. extract that gradually set in following the acute kidney
injury caused by gentamicin.

CJ Day1 BB Day 11 EE Day 21

400

* *

300+ L | [—‘ '—l

Body weight (g)
E
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o
1

o
L

Control GEN CM SA GCM GSA

Figure 1. Subjects’ weight distribution throughout the study (GEN = gentamicin group;
CM = Cornus mas L. group; SA = Sorbus aucuparia L. group; GCM = gentamicin + Cornus mas L. group;
GSA = gentamicin + Sorbus aucuparia L. group). Statistics performed utilizing one-way ANOVA;
* p < 0.05. The outcomes represent mean £ SD of three replicate assessments.

3.2. Hematological Profile

The complete blood count reflected normal values in all groups, being similar to those
found in the Control group, with no statistically significant variations. Figure 2 displays
the hematological profile’s outcomes.
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Figure 2. Hematological Profile. (A) White blood cells. (B) Lymphocytes. (C) Monocytes. (D) Neu-
trophils. (E) Red blood cells. (F) Hematocrit. (G) Hemoglobin. (H) Platelets. Statistics performed
utilizing one-way ANOVA and two-way ANOVA; p > 0.05. The findings indicate mean % SD of
triplicate measurements.
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3.3. Biochemical Profile

Regarding the biochemical profiling, analyses were performed on whole blood using
biochemical rotors in order to determine the parameters that are further presented in detail
in Figure 3.
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Figure 3. Biochemical profile. (A) Total Proteins. (B) Albumin. (C) Globulins. (D) Glucose. (E) Ala-
nine aminotransferase. (F) Alkaline phosphatase. (G) Blood urea nitrogen. (H) Creatinine. Statistics
performed utilizing one-way ANOVA and two-way ANOVA; * p < 0.05, ** p < 0.01, *** p < 0.001. The
results are expressed as mean £ SD of three replicate measurements.

As such, total proteins were significantly increased in the GEN group compared to
the Control group on the 11th day of the experiment (7.77 + 0.42 vs. 6.57 & 0.15 g/dL,
p < 0.05). Improvements in total proteins were observed in rats treated with extracts and
the antibiotic, as they were significantly reduced compared to the individuals treated with
the antibiotic alone (p < 0.05). Moreover, the PT levels showed similarity to those of the
extract-treated groups (p > 0.05). As for albumin, globulin, and glucose levels, no significant
changes were recorded, being within the reference ranges [41]. These outcomes can be
followed graphically in Figure 3A-D.

Alanine aminotransferase (ALT) levels were significantly increased in the GEN group
in comparison to the Control group on both day 11 (92.67 £ 16.07 vs. 26.67 & 3.06 U/L)
and day 21 (98.33 £+ 16.17 vs. 25.33 £ 2.52 U/L) (p < 0.05). Importantly, ALT regis-
tered a significant decrease in the extract and antibiotic-treated groups in comparison
to the antibiotic-treated rats (p < 0.05), reaching values of 29 = 1.0 U/L on day 11 and
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29.25 4+ 0.86 U/L on day 21 in the GCM group, and values of 26 &= 4.36 U/L on day 11 and
28.33 £ 3.06 U/L on day 21 in the GSA group. However, on day 21, the subjects treated
with gentamicin and Cornus mas L. extract registered significant elevations in ALT levels
when compared to the rats treated with extract alone (vs. 25.67 = 0.58 U/L, p < 0.01).
On the other hand, ALT levels in the group receiving gentamicin and Sorbus aucuparia L.
extract were not significantly distinct from those in the group receiving the extract alone
(vs. 252.65 U/L, p > 0.05). Figure 3E illustrates these results graphically.

Alkaline phosphatase (ALP) showed a significant increase in the gentamicin group
compared to the Control group starting on day 11 (p < 0.05), and continuing until the end
of the experiment (p < 0.01). Additionally, ALP registered a substantial rise in the GEN
group from one monitoring to another (p < 0.01), being on the first day 76.33 = 13.2 U/L,
on day 11 201.33 £ 39.27 U/L, and reaching on day 21 the value of 363.67 + 26.54 U/L.
By comparison of this group to the GCM and GSA groups, their alkaline phosphatase
significantly decreased on the last day, with the extract + antibiotic-treated rats registering
values of 103.33 £ 7.09 U/L and 99.67 £ 3.51 U/L, respectively (p < 0.01). In the GSA group,
there were no significant changes in ALP levels between the monitored days, showing
a protective effect similar to that of the group treated with the extract alone (p > 0.05).
However, a significant decrease in ALP levels was observed in the GCM group from day 11
to day 21 (131 £ 6.08 vs. 103.33 £ 7.09 U/L, p < 0.01), reflecting the gradual onset of the
protective effect of Cornus mas L. extract. In contrast, when compared to the CM group,
ALP values were significantly increased on both day 11 (vs. 77.33 £ 9.71 U/L, p < 0.01)
and day 21 (vs. 74 £ 13.11 U/L, p < 0.05). This could be attributed to the requirement
of administering the extract over an extended period of time or at a higher dose. These
outcomes are displayed in Figure 3F.

Blood urea nitrogen (BUN) was determined to have risen significantly in the gentamicin-
treated experimental animals compared to the saline-treated rats on the last day of the
experiment (161.24 + 56.44 vs. 15.64 + 1.33 mg/dL, p < 0.05). The BUN increase in the
gentamicin-exposed group could be attributed to both renal and hepatic impairment, or
dehydration. Furthermore, no significant differences were registered between the groups
treated with extract and antibiotic and the group treated with antibiotic alone (p > 0.05).
Contrarily, significant increases in BUN levels were registered in the GCM group com-
pared to the CM group on day 11 (77.4 £ 8.67 vs. 18.56 £ 2.33 mg/dL, p < 0.05), as well
as on day 21 (58.14 + 2.21 vs. 19.07 &+ 2.64 mg/dL, p < 0.001). Similarly to the GCM
group, the GSA group exhibited significantly higher BUN levels than the SA group both
on day 11 (77.96 £ 20.19 vs. 18.95 &+ 2.80 mg/dL, p < 0.05) and day 21 (51.61 & 7.87 vs.
18.76 £ 2.0 mg/dL, p < 0.05). Figure 3G shows these results graphically.

In terms of creatinine (CREA) analysis, there was a significant increase in creatinine
levels in the GEN group compared to the Control group on both day 11 (1.67 & 0.4 vs.
0.07 £ 0.03 mg/dL, p < 0.05) and day 21 (2.27 £ 0.31 vs. 0.07 & 0.03 mg/dL, p < 0.01).
Creatinine increased significantly from day 1 to day 11 and continued to increase, without
significant difference, until day 21. This increase, thus, demonstrates renal impairment
due to gentamicin administration. These results can be correlated with the results ob-
tained in the BUN analysis. Furthermore, on the last day of the experiment, there was
a significant decrease in creatinine values (p < 0.01) in the rats treated with extract and
antibiotic (0.47 &+ 0.06 mg/dL and 0.4 £ 0.0 mg/dL, respectively) compared to the subjects
receiving antibiotic treatment only (2.27 &= 0.31 mg/dL). Moreover, the GCM group showed
a significant decrease in creatinine from day 11 to day 21 (0.87 & 0.12 vs. 0.47 &= 0.06 mg/dL,
p < 0.05). However, by comparing the GCM group to the CM group, there was an increase
in creatinine values on both day 11 (p < 0.01) and day 21 (p < 0.05). This rise was more
pronounced on day 11 compared to day 21. Also, by comparing the GSA and SA groups,
no significant differences were observed on the 1st and 11th day of the experiment. In
contrast, on day 21, a significant increase in creatinine levels was recorded in the GSA group
compared to the SA group (0.4 £ 0.0 vs. 0.15 = 0.09 mg/dL, p < 0.05). These outcomes are
displayed graphically in Figure 3H.
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3.4. Cystatin C (CysC) Activity Results

The determination of CysC activity was performed using the sandwich ELISA tech-
nique. Thus, a significant increase in CysC levels was registered in the GEN group
compared to the Control group on the 11th day (2.83 £ 0.11 vs. 1.46 £ 0.16 ng/mL,
p <0.001), as well as on the 21st day of the experiment (4.91 &= 1.06 vs. 1.54 & 0.21 ng/mL,
p < 0.05). Importantly, on day 11, significant improvements were observed in the GCM
(2.05 £ 0.06 ng/mL) and GSA (1.92 £ 0.16 ng/mL) groups compared to the GEN group,
p being < 0.01. However, no significant difference in CysC levels was observed between
both groups and the GEN-treated rats at the end of the trial (p > 0.05). Moreover, in
the GSA group, a significant increase in CysC values was observed on day 21 compared
to day 11 (2.84 + 0.08 vs. 1.92 £ 0.16 ng/mL, p < 0.01). This group also showed a
substantial increase compared to the subjects that had only received Sorbus aucuparia L.
extract (vs. 1.92 & 0.09 ng/mL, p < 0.001). Regarding the GCM group, a significant rise in
CysC was observed compared to the CM group, both on day 11 (2.05 £ 0.06 ng/mL vs.
1.66 + 0.03 ng/mL, p < 0.01) and on day 21 (2.80 & 0.03 vs. 1.59 £ 0.05 ng/mL, p < 0.001).
It was noticeable that these increases were more pronounced on day 21 than on day 11.
Figure 4 shows a detailed replication of these outcomes.
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Figure 4. Cystatin C measurements in the experimental groups. Statistics performed utilizing one-
way ANOVA and two-way ANOVA; * p < 0.05, ** p < 0.01, *** p < 0.001. The outcomes represent
mean =+ SD of three replicate analyses.
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3.5. Kidney Injury Molecule 1 (KIM-1) Activity Results

As with the activity of CysC, the evaluation of KIM-1 was carried out employing the
same ELISA method. As such, KIM-1 showed significantly increased readings in the antibiotic-
treated rats compared to the untreated individuals (1.48 £ 0.32 vs. 0.05+£ 0.01 ng/mL,
p < 0.001) on the 21st day of the experiment. Additionally, a substantial elevation in its levels
was detected from one monitoring to another (p < 0.01), increasing from 0.03 £ 0.004 ng/mL
on day 1 to 0.41 = 0.35 ng/mL on day 11, and to the abovementioned reading on day 21.
Simultaneously, significant reductions were detected in the GCM (0.15 % 0.14 ng/mL) and
GSA (0.05 £ 0.04 ng/mL) groups when compared to the GEN group (p < 0.001). KIM-1
readings within these groups significantly dropped between days 11 and 21 (0.33 £ 0.04
vs. 0.15 & 0.14 ng/mL for the GCM group and 0.28 £ 0.04 vs. 0.05 £ 0.04 ng/mL for the
GSA group, respectively, p < 0.001). Comparing the extract-treated batches, on day 11, a
significant difference was observed in both the GCM (0.03 &+ 0.008 vs. 0.33 4= 0.04 ng/mL,
p <0.001) and the GSA (0.04 £ 0.01 vs. 0.28 £ 0.04 ng/mL, p < 0.001) groups, whereas on
day 21, these values were comparable to those found in the CM and SA groups (p > 0.05),
outlining the protective effect of both extracts in gentamicin toxicity. Figure 5 displays a
comprehensive reproduction of these results.
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Figure 5. KIM-1 measurements in the experimental groups. Statistics performed using one-way
ANOVA and two-way ANOVA; * p < 0.05, ** p < 0.01, *** p < 0.001. The outcomes represent mean + SD
of triplicate analyses.

3.6. Urinary N-Acetyl-B-D-Glucosaminidase Index (iNAG) Activity Results

Following the assessment of urinary N-Acetyl-B-D-Glucosaminidase and urinary
creatinine, as well as using the calculation formula described in the Materials and Methods
section, the NAG index results were obtained and are revealed in Figure 6. As a result,
on the trial’s last day, the gentamicin-treated rats’ NAG index activity was found to be
significantly higher than the one registered in the negative control group (1817.18 4 209.43
vs. 434.78 £ 229.43 U/g, p < 0.05). Importantly, by comparing the antibiotic and extract-
treated groups with the gentamicin-treated subjects, a significant decrease in iNAG levels
was registered, with extracts showing a protective effect at the renal tubular level (vs.
885.01 £+ 116.88 U/g for the GCM group, p being < 0.001, and vs. 896.85 £ 344.92 U/g for
the GSA group, p being < 0.05). Moreover, a significant difference in iNAG levels between
the GCM and GSA groups and the groups that received only the extract was registered
on day 11 (1151.78 + 212.70 vs. 495.67 £ 259.62 U/g, p < 0.05, and 1258.04 £ 203.65
vs. 497.05 + 195.43 U/g, respectively, p < 0.01), which decreased until day 21, when no
significant difference was seen between these groups (p > 0.05). Thus, extracts provided to
the GCM and GSA groups demonstrated a similar protective effect throughout time as in
the CM and SA groups.
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Figure 6. iNAG measurements in the experimental groups. Statistics performed utilizing one-way
ANOVA and two-way ANOVA; * p < 0.05, ** p < 0.01, ** p < 0.001. The results are expressed as
mean + SD of three replicate analyses.
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3.7. Nitro-Oxidative Stress Markers Activity Results

The assessment of certain parameters from plasma (CAT, SOD, GPx, TAC, MDA, NO)
and tissues (total proteins, CAT, SOD, GPx, TAC, MDA, NO) made up the nitro-oxidative
stress profiling in this study. Figure 7 displays the activity values of the markers derived
from the plasma of the individuals under investigation.
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Figure 7. Nitro-oxidative stress profiling from plasma. (A) Catalase. (B) Superoxide dismutase.
(C) Glutathione peroxidase. (D) Total antioxidant capacity. (E) Malondialdehyde. (F) Nitric ox-
ide. Statistics performed utilizing one-way ANOVA and two-way ANOVA; * p < 0.05, ** p < 0.01,
*** p < 0.001. The outcomes represent mean =+ SD of three replicate assessments.

As such, catalase (CAT) registered significantly increased activity in the gentamicin-treated
group compared to the Control group on the 11th day (20.65 &+ 1.45 vs. 11.70 £3.74 U/mL,
p < 0.05), as well as on the 21st day of the trial (44.34 &+ 2.32 vs. 13.11 £ 2.48 U/mL,
p <0.001). Additionally, CAT was observed to be increased from one monitoring to another
(p < 0.001). Moreover, by comparing this group to the antibiotic and extract-treated rats,
a significant reduction in CAT activity was registered in the GSA group on the 11th day
of the experiment (15.80 £ 1.30 U/mL, p < 0.01), and also on the last day of the trial
(35.26 £2.88 U/mL, p <0.01). Regarding the GCM batch, no statistical difference was
observed on the 11th day (17.58 £ 2.84 U/mL, p > 0.05), while on day 21, CAT activity was
significantly decreased compared to the GEN-treated batch (34.21 4 3.80 U/mL, p < 0.01).
However, substantial rises were observed in both batches from one monitoring to another.
(p < 0.001). Furthermore, by comparing these individuals to the extract only-treated rats,
catalase activity was significantly elevated in both GCM (vs. 17.20 & 6.21 U/mL, p < 0.01)
and GSA (vs. 15.55 £ 3.12 U/mL, p < 0.001) groups on the 21st day of the trial. These
results can be followed in Figure 7A.

Superoxide dismutase (SOD) recorded a significant decrease in its activity in the
antibiotic-treated group in comparison to the Control group on both day 11 (12.42 + 5.84
vs. 56.35 £ 6.17 U/mL, p < 0.001) and day 21 (16.61 & 4.73 vs. 47.61 £ 6.27 U/mL,
p <0.01). Importantly, a significant increase in SOD activity was observed in the GCM
group (26.87 £ 2.95 U/mL) on the 21st day of the experiment (p < 0.05). However, the
GSA batch did not register any significant fluctuations in SOD levels in comparison to the
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gentamicin-treated group (p > 0.05). Moreover, by comparing the antibiotic and extract-
treated rats to the extract only-treated rats, SOD recorded a significant decrease in its
activity in the GCM group in comparison to the CM group on the 11th day (24.29 % 3.50 vs.
60.57 + 16.97 U/mL, p < 0.05); meanwhile, no significant difference was recorded on the
21st day between these experimental animals (p > 0.05). Regarding the Sorbus aucuparia
L.-treated groups, SOD activity did not show any significant difference on the 11th day or
on the last day of the trial (p > 0.05). Figure 7B displays these outcomes graphically.

In terms of glutathione peroxidase (GPx), a significant increase was observed in
the GEN group compared to the Control group, starting from day 11 (615 £ 133.04 vs.
312 £ 43.27 U, p <0.05), and continuing until day 21 (780 4= 97.98 vs. 300 £ 120.0 U, p < 0.01).
Importantly, a significant reduction in GPx values was observed in both antibiotic and
extract-treated groups on the 21st day of the experiment (vs. 506.5 £ 34.0 U, p being < 0.01,
and vs. 522.5 +20.62 U, p being < 0.05). However, compared to the extract only-treated rats,
significant differences were recorded on both day 11 and day 21 for both extracts (p < 0.001
vs. CM and SA). Figure 7C reveals a detailed reproduction of these results.

Regarding the total antioxidant capacity (TAC), the Control group exhibited no statis-
tically significant difference from the gentamicin-treated group, with p > 0.05. Moreover,
by comparing the negative control group to the extract only-treated groups, TAC levels in
the CM group were considerably higher on day 11 (49.57 & 16.61 vs. 4.58 & 0.17 U/mL,
p < 0.05), with an even greater rise on day 21 (vs. 64.33 &£ 3.89, p < 0.01). Additionally, TAC
values were significantly elevated in the SA group on the final day of the trial (59.11 £ 3.27
vs. 5.85 + 0.7 U/mL, p < 0.001). Furthermore, statistical differences were seen on days
11 and 21 when comparing the gentamicin-treated group to the groups that had received
antibiotic and extract treatment. As a result, the GCM group’s TAC values were signifi-
cantly higher than those of the GEN group on days 11 (24.29 4 1.86 vs. 5.53 & 0.85 U/mL,
p <0.001) and 21 (43.70 £ 4.92 vs. 6.40 = 1.02 U/mL, p < 0.01). Additionally, there was a sub-
stantial rise in TAC values between assessments (p < 0.001). Similar increases were recorded
in the GSA group (18.7 £ 4.48 U/mL vs. control, with p < 0.05 and 20.10 £ 2.75 U/mL vs.
control, with p < 0.01). These groups were then contrasted with the extract only-treated
groups. As such, on day 11, there were no statistical differences (p > 0.05); however, on day
21, these values were significantly lower than those of the CM and SA groups (GCM vs.
64.33 £ 3.89 U/mL, p <0.01, and GSA vs. 59.11 £ 3.27 U/mL, p < 0.001). These outcomes
are displayed in detail in Figure 7D.

Malondialdehyde (MDA) increased significantly in the GEN group compared to the
Control group on day 11 (3.92 £ 0.18 vs. 0.97 £ 0.28 nmoL/mL, p < 0.001), increas-
ing further on day 21 (5.02 £ 0.72 vs. 1 &£ 0.20 nmoL/mL, p <0.001). An improve-
ment in MDA values was observed in the GCM and GSA groups compared to the GEN
group on the last day of the experiment (2.20 £ 0.24, 2.19 &+ 0.96 nmoL/mL vs. GEN,
p < 0.01), with the extracts showing a protective effect on the individuals. Moreover, MDA
levels significantly decreased on day 21 compared to day 11 in both the GCM group
(220 £ 0.24 vs. 3.88 £ 0.38 nmoL/mL, p < 0.001) and the GSA group (2.19 £ 0.96 vs.
4.02 £ 0.08 nmoL/mL, p < 0.05). However, several modifications were observed when
contrasting these groups with the extract only-treated rats. Thus, on both days 11 (vs.
1.33 £ 0.12, nmoL/mL, p < 0.001) and 21 (vs. 1.34 = 0.0 nmoL/mL, p < 0.01), the GCM group
showed considerably higher values than the CM group. On the other hand, the GSA group
had considerably higher values than the SA group on day 11 (vs. 1.28 = 0.21 nmoL/mL,
p <0.001), but on day 21 these values were comparable to the extract only-treated group (vs.
1.18 £ 0.65 nmoL/mL, p > 0.05), suggesting a similar protective effect. Figure 7E depicts
the sequence of these results.

Nitric oxide (NO) recorded a significantly increased activity in the GEN group com-
pared to the Control group on both days 11 (73.98 £ 5.02 vs. 28.20 4+ 1.26 umoL/mL,
p <0.001) and 21 (112.09 % 40.44 vs. 29.35 £ 0.67 umoL/mL, p < 0.05). Importantly, the
GCM group improved in NO activity on day 11 (64.03 £ 3.75 pmoL/mL vs. GEN, p < 0.05)
as well as on day 21 (50.70 & 17.16 pmoL/mL vs. GEN, p < 0.05), whereas the GSA group
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improved only on day 11 (65.71 & 2.07 pmoL/mL vs. GEN, p < 0.05). Furthermore, by
comparing the GCM and GSA groups to the CM and SA batches, a statistically significant
increase in NO activity was recorded on day 11 (GCM vs. 29.49 =+ 0.63 umoL/mL and
GSA vs. 29.19 + 0.7 umoL/mL, p < 0.001), while these values were comparable on day
21 (p > 0.05), with extracts manifesting a similar protective effect. Figure 7F displays these
results graphically.

Regarding tissue analyses, the activity values of the markers obtained from tissue
homogenates of the subjects under evaluation are shown in Table 1 and Figure 8. The total
protein content values were utilized to calculate and obtain the results of nitro-oxidative
stress markers from tissue extracts.

Table 1. Total protein content evaluation of tissue homogenates.

Total Proteins (mg/g Tissue)

Experimental Groups

Kidney Liver
Control 27.15 +4.13 25.18 + 3.63
Gentamicin 42.87 +23.19 78.84 4+ 21.95
Cornus mas L. 22.57 + 4.18 40.50 + 20.67
Sorbus aucuparia L. 28.82 +4.29 38.66 + 4.75
Gentamicin + Cornus mas L. 40.87 +£17.03 59.53 + 15.28
Gentamicin + Sorbus aucuparia L. 31.93 £+ 8.58 44.22 +7.59
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Figure 8. Nitro-oxidative stress profiling from tissue extracts. (A) Catalase. (B) Superoxide dismu-
tase. (C) Glutathione peroxidase. (D) Total antioxidant capacity. (E) Malondialdehyde. (F) Nitric
oxide. Statistics performed utilizing one-way ANOVA and two-way ANOVA; * p < 0.05, ** p < 0.01,
*** p < 0.001. The findings represent mean =+ SD of three replicate assessments.

As a result, CAT activity was significantly increased in the GEN group compared to
the Control group, in both kidney (3145.30 &= 172.5 vs. 1410.35 £ 870.45 U/g, p < 0.05) and
liver tissue (4098.16 =+ 681.73 vs. 946.47 4 1203.29 U/g, p < 0.05). A statistically significant
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decrease in CAT activity was detected in the experimental animals that received both an
antibiotic and extract treatment in the kidney (2053.55 £ 298.86 and 2138.04 4 252.29 U/g
vs. GEN, p < 0.01) as well as in the liver tissue (2068.67 & 223.17 and 2224.07 + 138.17 U/g
vs. GEN, p < 0.05). Importantly, no statistical difference was seen when comparing these
groups to the extract only-treated rats in both tissues, indicating that the extracts modulate
the antioxidant enzyme in a similar manner (p > 0.05). These results are generally consistent
with the plasma outcomes and can be followed graphically in Figure 8A.

Regarding SOD activity, a statistically significant decrease was observed in the GEN group
in comparison to the Control group in the kidney (228.04 £ 32.16 vs. 866.66 +253.22U/¢g,
p < 0.05) and liver tissue (244.13 £ 20.63 vs. 662.97 + 170.23 U/g, p < 0.05). By comparing
the antibiotic and extract-treated groups to the GEN group, a significant elevation in SOD
activity was observed in the GCM group at the renal level (556.29 + 111.99 U/g vs. GEN,
p < 0.05). Simultaneously, an increase was seen in the GSA group, but without statistical
significance (p > 0.05). In terms of liver tissue, increases in SOD levels were also observed
in both batches, but no significant differences were recorded when compared to the GEN-
treated rats (p > 0.05). Additionally, these results were comparable to those of the extract
only-treated individuals in both tissues (p > 0.05). Figure 8B displays these data, which are
essentially similar to the plasma results.

GPx registered a significantly increased activity in the GEN group compared to the
Control group at the renal level (7295.62 £ 14.10 vs. 1551.61 £ 531.79 U/g, p < 0.05) as well
as at the hepatic level (7617.63 & 406.52 vs. 1641.0 & 254.91 U/g, p < 0.001). Furthermore,
in the kidney tissue, decreases in GPx activity were observed in the GCM and GSA groups,
yet with no significant differences in comparison to the GEN group (p > 0.05). However,
a significant reduction in GPx levels was observed in the GCM group at the hepatic level
(3884.28 £ 310.55 U/g vs. GEN, p < 0.05). In addition, in both tissues, these outcomes were
equivalent to those of the extract only-treated batches (p > 0.05). These results are partially
consistent with the plasma analyses, and Figure 8C reveals these outcomes in detail.

In terms of TAC outcomes, similar to the modifications reported in plasma analysis,
no significant differences were observed at the renal level between the Control group
(357.57 £ 176.16 U/g) and the GEN group (430.82 £+ 97.68 U/g), p being > 0.05. In con-
trast, significant increases in TAC levels were observed in the CM (802.15 £ 156.06 U/g)
and SA (777.21 £ 162.65 U/g) groups in comparison to the saline-treated rats (p < 0.05).
Subsequently, when comparing the GCM and GSA groups to the GEN group, a signifi-
cant elevation in TAC levels was recorded, with extracts showing an antioxidant effect
(741.23 £ 29.09 and 699.93 £ 80.14 U/g respectively, p < 0.05). Additionally, the protective
effects shown in these batches were comparable to those observed in the extract only-
treated groups (p > 0.05). Furthermore, similar modifications were seen in the liver tissue.
Therefore, TAC levels were significantly low in the Control (287.52 &= 31.24 U/g) and GEN
(399.04 £ 135.0 U/g) groups, but considerably greater in the CM (949.65 £ 92.60 U/g)
and SA (853.54 £ 15.44 U/g) groups. Moreover, TAC increased significantly in the GCM
and GSA groups compared to the GEN group (761.96 & 86.26 U/g vs. GEN, p < 0.05, and
679.85 £ 196.90 U/g vs. GEN, p < 0.001). These levels were similar to those observed in
the extract only-treated groups (p > 0.05). Figure 8D displays these outcomes graphically.

MDA levels in renal tissue increased significantly in the GEN group compared to
the Control batch (137.46 & 9.69 vs. 25.48 £ 0.45 nmoL/g, p < 0.05). Simultaneously, an
improvement was observed in the GSA group (91.41 &+ 9.12 nmoL/g) compared to the GEN
group (p < 0.05), while the activity also decreased in the GCM group (78.13 & 3.27 nmoL/g),
but without statistical difference (p > 0.05). Additionally, a significant increase was seen in
this group when compared to the extract only-treated subjects (vs. 27.36 & 3.31 nmoL/g,
p <0.01). Furthermore, regarding liver MDA values, significant increases could be ob-
served in the antibiotic-treated rats compared to the Control group (145.33 £ 4.04 vs.
22.85 + 6.73nmoL/g, p < 0.01). MDA decreased in the GCM and GSA groups compared
to the GEN group, but without statistical significance (78.42 & 16.79, 83.55 &= 18.02 nmoL/g
vs. GEN, p > 0.05). Thus, by analyzing the results of MDA activity, it could be emphasized
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that Cornus mas L. and Sorbus aucuparia L. extracts exerted a stronger antioxidant effect at
the plasma level than at the tissue level. Figure 8E depicts all of these variations.

NO significantly increased in its activity in the GEN group in comparison to the
Control group in both kidney (2478.39 + 417.5 vs. 465.23 £ 101.89 umoL/g, p < 0.05)
and liver tissue (2391.45 £ 485.599 vs. 441.9 + 203.54 pmoL/g, p < 0.05). Importantly,
a substantial reduction in NO levels was registered in the GSA group at the renal level
(1304.34 4+ 413.85 umoL/g vs. GEN, p < 0.05). Additionally, a decrease was also observed
in the GCM group, yet with no statistical significance (p > 0.05). Moreover, in the liver
tissue, decreases in NO levels were registered in the GCM and GSA groups in comparison
to the GEN group, but no statistical differences were observed (p > 0.05). As such, similar
to MDA activity, both extracts manifest a greater antioxidant impact in plasma compared
to tissue. Figure 8F reveals these outcomes graphically.

3.8. Histopathological Analysis

The histopathological score defined in the Materials and Methods section was used to
classify the histopathological modifications within each experimental group. The results
were analyzed and are revealed in Table 2 and Figures 9 and 10.

Table 2. Histopathological score obtained from microscopic analysis of kidney and liver sections.

Histopathological Score (HS)

Experimental Groups Kidney Liver

Mean £ S.D Range Mean £ S.D Range

Control 0 0 0 0

Gentamicin 3540572 34 3¢ 3

Cornus mas L. 0 0 0 0

Sorbus aucuparia L. 0 0 0 0

Gentamicin + Cornus mas L. 1.0 + 1.0 < 0-2 of 0

Gentamicin + Sorbus aucuparia L. 0.66 & 1.15 >4 0-2 of 0

Statistics performed utilizing one-way ANOVA; ? p < 0.01 vs. Control; ® p < 0.05 vs. GEN; € p > 0.05 vs. CM;
d'p>0.05 vs. SA; © p < 0.001 vs. Control; f p < 0.001 vs. GEN.

As such, the Control group showed no evident histological alterations, with adequate
kidney and liver morphology (SH = 0). Gentamicin administration, on the other hand,
caused multifocal vacuolation of the tubular epithelium in the renal cortex and medulla,
coagulative necrosis, and the presence of proteinaceous material in the lumen of renal
tubules. It also resulted in widespread septal congestion in the cortex and corticomedullary
junction. Additionally, apoptotic cells in the tubular epithelium were also identified.
The histopathological score in this group varied from 3 to 4, with a mean of 3.5 £ 0.57.
This score was considerably higher (p < 0.01) when compared to the Control group’s score.
Furthermore, diffuse hepatosis with hepatocyte vacuolation across the liver lobule structure
was discovered at the hepatic level. Simultaneously, isolated hepatocyte apoptosis was also
detected. This group received a histological liver score of 3, with the liver being severely
impaired compared to the Control group (p < 0.001).

Moreover, after administering Cornus mas L. and Sorbus aucuparia L. extracts, no
histological abnormalities were observed in either group, with appropriate kidney and
liver morphology (SH = 0). Additionally, there were no significant changes between the
extract-treated and Control groups (p > 0.05).

In the gentamicin and Cornus mas L. extract-treated group, focal vacuolation of the
renal tubules, isolated apoptosis, and zonal septal congestion in the internal area of the
renal cortex were observed. Areas of unmodified-appearing renal parenchyma were also
identified. Within this group, the histopathological score ranged from 0 to 2, with a mean
of 1.0 &+ 1.0. Compared to the GEN group, there was a significant improvement in renal
lesions, with Cornus mas L. extract showing a protective effect in renal tissue (p < 0.05).
However, kidney impairment was still detected when compared to the group treated with
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extract alone, but without statistical significance (p > 0.05). Additionally, no histological
abnormalities were found at the hepatic level, yielding an SH of 0 (p < 0.001 vs. GEN;
p > 0.05vs. CM).

Figure 9. Histopathological analysis of the renal tissue. (A) Control group (rat no. 1, GT stain): normal
aspect of the renal cortex; HS = 0. (B) Gentamicin group (rat no. 1, GT stain): septal congestion in
the corticomedullary junction (black arrow), coagulative necrosis of the tubular epithelium (white
arrow), and proteinaceous material in the lumen of the renal tubules (red arrow); scattered apoptotic
cells in the epithelium lining uriniferous tubules (blue arrow); HS = 4. (C) Cornus mas L. group (rat
no. 2, GT stain): normal features of the renal cortex; HS = 0. (D) Sorbus aucuparia L. group (rat no. 2,
GT stain): unaltered histological aspect of the renal cortex; HS = 0. (E) Gentamicin + Cornus mas L.
group (rat no. 4, GT stain): focal vacuolation of the tubular epithelium in the internal area of the renal
cortex (black arrows) and isolated apoptotic cells of the tubular epithelium from the corticomedullary
junction (white arrow); HS = 2. (F) Gentamicin + Sorbus aucuparia L. group (rat no. 5, GT stain): focal
vacuolation of the tubular epithelium in the renal cortex (black arrows) and isolated apoptotic cells in
the epithelium lining proximal and distal renal tubules (white arrow); HS = 2. Goldner’s trichrome
stain—GT. Histopathological score—HS.
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Figure 10. Histopathological features of the hepatic parenchyma in experimental groups. (A) Control
group (rat no. 1, GT stain): normal histological aspect of the liver; HS = 0. (B) Gentamicin group (rat
no. 3, GT stain): diffuse vacuolation of the hepatocytes (hepatosis) throughout the liver lobule (black
arrows); HS = 3. (C) Cornus mas L. group (rat no. 1, GT stain): typical histological features of the liver
in this group; HS = 0. (D) Sorbus aucuparia L. group (rat 3, GT stain): unchanged hepatic parenchyma;
HS = 0. (E) Gentamicin + Cornus mas L. group (rat no. 4, GT stain): no alteration of the liver in this
group; HS = 0. (F) Gentamicin + Sorbus aucuparia L. group (rat no. 6, GT stain): normal aspect of the
liver; HS = 0. Trichrome Goldner stain. HS = Histopathological score.

Gentamicin and Sorbus aucuparia L. extract treatment resulted in focal vacuolar degen-
erative lesions and localized apoptosis in the tubular epithelium of the renal cortex, with
much of the renal parenchyma appearing unmodified. The kidney histopathology score
was calculated to be 0.66 & 1.15. Thus, there were statistically significant improvements
in kidney damage in this group compared to the GEN group (p < 0.05), and statistically
insignificant lesions compared to the SA group (p > 0.05). The liver histopathology score
was set to zero, indicating that the liver exhibited an ordinary histological appearance
(p <0.001 vs. GEN; p > 0.05 vs. SA). In brief, the Sorbus aucuparia L. extract exhibits a
protective effect on both tissues in a similar manner to the Cornus mas L. extract.
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4. Discussions
4.1. The Effects of Cornus mas L. and Sorbus aucuparia L. Extracts on Body Mass

The results concerning body weight measurements revealed that the gentamicin-
treated rats showed dramatic declines in body mass. The antibiotic and extract-treated
animals did not demonstrate significant weight loss, with herbs showing a beneficial impact
on the body in comparison to the detrimental effects of gentamicin. According to an earlier
study [42], gentamicin drastically reduced the body weight of rats, whereas oral treatment
of gymnemic acid greatly recovered the body weight, which is in agreement with our
findings. Another study [43] reported through weekly body mass monitoring that all rats
gained weight continuously, demonstrating minor fluctuations in body weight during the
research period. These variations could be attributed to the use of a different gentamicin
dose, the environmental climate, and the diet provided.

4.2. The Effects of Cornus mas L. and Sorbus aucuparia L. Extracts on Hematological Parameters

The hematological profile revealed no statistically significant alterations. Our results
were compared to data from the literature about other medicinal plants with potential
nephroprotective effects. As such, in earlier in vivo nephrotoxicity trials, small variations in
some hematological parameters were reported regardless of the treatment received [43,44].
Therefore, it can be considered that no substantial hematological changes occur in case of
nephrotoxicity, and further research of other parameters is required.

4.3. The Effects of Cornus mas L. and Sorbus aucuparia L. Extracts on Total Proteins, Albumin,
Globulins and Glucose

Total proteins increased in the gentamicin-treated group, whereas both extracts re-
duced their levels. The concentration of albumin, globulins, and glucose, on the other
hand, was unaffected by either therapy. According to the literature’s data, decreases in
total proteins and albumin following nephrotoxic substance treatment were reported, with
Cornus mas L. extract reversing these changes [45]. This may be related to protein loss
through the glomerular filtrate, whereas our study’s increase in total protein values could
be attributed to dehydration. Furthermore, another study reported elevations in proteins
after gentamicin administration, as the antioxidant therapy managed to diminish their
levels [46]. Our results are in agreement with this previous investigation.

4.4. The Effects of Cornus mas L. and Sorbus aucuparia L. Extracts on Liver Function

Gentamicin treatment significantly elevated ALT and ALP enzymes, whereas Cornus
mas L. and Sorbus aucuparia L. extract treatment alleviated these increases. Additionally,
Sorbus aucuparia L. extract showed a stronger hepatoprotective effect than Cornus mas L.
extract. Contrary to our study, Mesgari Abbasi et al. [23] reported decreases in ALT and
ALP enzymes in rats treated with the toxic substance. Another study registered increases
in ALT and ALP enzymes after gentamicin administration; antioxidant therapy managed
to diminish ALT levels, yet did not decrease ALP enzyme [46]. The enzymes’ elevations in
the gentamicin-treated batch in our investigation could be related to the establishment of
liver distress, with Cornus mas L. and Sorbus aucuparia L. extracts manifesting a stronger
hepatoprotective effect by substantially reducing both enzymes.

4.5. The Effects of Cornus mas L. and Sorbus aucuparia L. Extracts on Renal Function

The results regarding conventional renal biomarkers showed drastic increases in BUN
and creatinine levels in the gentamicin group. Following administration of both extracts,
decreases in BUN levels were noted, but were not statistically significant. On the other hand,
creatinine concentration substantially diminished after herbal treatment. To our current
knowledge, the protective effect of Cornus mas L. extract in drug-induced nephrotoxicity
in vivo has only been investigated in two previous research studies. Thus, Es Haghi
et al. [45] reported increases in BUN and creatinine values following carbon tetrachloride
treatment, whereas the Cornus mas L. extract alleviated these changes. Another study
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showed significant elevations in renal biomarkers, which were reduced through the use
of Cornus mas L. extract [47]. Moreover, due to the fact that this is the first study to our
knowledge that investigates the protective advantages of Sorbus aucuparia L. extract in an
in vivo nephrotoxicity trial, the renal biomarkers were contrasted to those of other herbal
components with possible nephroprotective qualities. As such, substantial elevations in
BUN and creatinine readings were noted following gentamicin treatment, whereas herbal
therapy succeeded in reducing their concentration [46,48]. The non-significant reduction
in BUN levels in the antibiotic and extracts-treated group in our study could be related to
the necessity of providing the extracts over a longer length of time or at a larger dosage, as
there is already an improvement in nephrotoxicity.

Cystatin C is a protein with a low molecular weight that is constantly synthesized by
all nucleated cells, freely removed by the renal glomeruli, and metabolized in the renal
proximal tubules. CysC appears to be impacted by fewer non-glomerular filtration rate
(GFR) elements and is less extensive than creatinine [49]. Although creatinine has been
utilized for assessing GFR since the latter half of the 1950s, multiple studies suggest that
CysC concentration could be employed as a substitute for creatinine to diagnose early
GEFR dysfunction [50]. As such, the results regarding CysC activity in our study revealed
significant increases in the gentamicin-treated group. The administration of extracts ini-
tially resulted in a significant decrease in its values; nevertheless, CysC levels eventually
started to increase, being similar to those of the gentamicin batch. Al-Kuraishy et al. [51]
and Abdelkader et al. [52] reported increases in CysC activity following gentamicin ther-
apy, which were reversed by the administration of natural antioxidants, demonstrating
protective benefits on renal glomeruli. Based on these findings, it is reasonable to conclude
that extracts of Cornus mas L. and Sorbus aucuparia L. do not possess a curative effect, but
rather a preventive impact at the renal glomerular level. Further research is required to
determine the mechanism and site of action of these extracts.

KIM-1 is a transmembrane glycoprotein that is not physiologically present at the
renal level; it is expressed in the proximal tubular epithelium during pathophysiological
conditions or when exposed to nephrotoxic substances [53]. Lately, increased blood levels
of KIM-1 have been linked to both acute and chronic kidney injury. This biomarker
has proven to be a remarkable indicator of renal damage in rat experimental models,
surpassing BUN and creatinine as predictors of histopathological changes in the proximal
tubules [54]. In the current study, KIM-1 levels significantly increased in the gentamicin-
treated rats due to the occurrence of renal impairment, whereas administration of both
extracts substantially decreased its levels. These results were further contrasted to those
of other therapeutic plants that had previously been reported in the literature. As such,
KIM-1 considerably increased after gentamicin injection, while pomegranate and garlic
aqueous extract treatment drastically reduced the biomarker’s values [51,55]. Thus, it can
be considered that our findings are in agreement with this previously published research
and that both extracts demonstrated a protective effect against gentamicin nephrotoxicity
by analysis of the activity of KIM-1.

NAG represents a lysosomal enzyme that is located primarily in the renal proximal
tubular cells. NAG cannot be filtered via the typical glomerular basal membrane due to
its high molecular weight. As its increase implies the damage of tubular cells, it serves as
an accurate diagnostic for estimating tubular injury. Because the urinary NAG/ creatinine
ratio exhibits fewer fluctuations linked to urine volume or excretion rate than NAG levels
alone, it is commonly presented in ratio to the urinary creatinine as urinary NAG index
(iINAG) activity [56,57]. In our study, gentamicin therapy resulted in large increases in
iNAG activity, while Cornus mas L. and Sorbus aucuparia L. extract treatment drastically
decreased its activity levels, outlining the protective effect against gentamicin’s harmful
effects. Because the effects of these extracts on iNAG activity in an experimental model
of nephrotoxicity had not previously been studied, our findings were compared to those
of other investigated components. Thus, Codea et al. [58] reported rises in iNAG activity
in gentamicin-treated rats, whereas the administration of melatonin and erythropoietin
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prevented this aspect. Another study demonstrated the nephroprotective effect of Ginkgo
biloba extract by determining significant reductions in iNAG levels in rats exposed to
vancomycin-induced kidney damage [59]. Therefore, our results are in accordance with
these previous publications, with Cornus mas L. and Sorbus aucuparia L. extracts manifesting
a protective effect at the renal tubular level.

4.6. The Antioxidant Activity of Cornus mas L. and Sorbus aucuparia L. Extracts

In terms of the results of antioxidant enzymes, a variety of changes were noticed. Thus,
catalase levels were greatly increased after receiving gentamicin therapy, whereas treat-
ment with the two extracts significantly decreased its activity. Additionally, both extracts
indicated a stronger antioxidant impact at the tissue level than in plasma. SOD activity
drastically decreased after receiving gentamicin treatment. Its activity was significantly
increased after treatment with Cornus mas L. extract, and insignificantly elevated following
Sorbus aucuparia L. extract administration. Moreover, plasma-level GPx activity was seen to
increase in the gentamicin-treated rats before considerably declining following antioxidant
treatment. When compared to plasma, the enzyme activity at the tissue level was shown
to be lower, yet manifested a stronger antioxidant activity in liver tissue. Further, the
groups treated with antioxidants alone demonstrated the greatest increases in plasma TAC
activity. The antibiotic-plus-extracts groups demonstrated an improvement in antioxidant
capacity, but they still differed significantly from the extracts-only batches. At the tissue
level, the extracts manifested a higher antioxidant capacity than in plasma. These statistics
were compared to other findings that had been documented in the literature. Thus, in a
previously mentioned study [45], carbon tetrachloride caused a decrease in CAT, SOD, and
GPx activity, while the administration of Cornus mas L. extract improved the activity of
these enzymes. The same results were observed in the study by Mesgari Abbasi et al. [23].
According to another study [46], the administration of cisplatin had no appreciable effects
on the activity of antioxidant enzymes. However, TAC activity was considerably higher
and GPx was markedly reduced in the cisplatin + Cornus mas L. groups. In other prior
studies, the values of CAT, SOD, and GPx were markedly reduced following gentamicin
administration, whereas the antioxidant therapy enhanced their activity [60,61]. Tomsa
et al. [62] discovered TAC values to be substantially reduced after gentamicin treatment,
whereas the administration of curcumin and vitamin C determined a rise in its levels.

Our investigation supports earlier publications’ findings regarding the activity of
the SOD enzyme. In contrast, the enhanced CAT and GPx activity in the gentamicin
group might be caused by the cellular reaction to intrinsic oxidative stress induced by the
antibiotic. Regarding the increased TAC levels in the extracts group, it can be assumed that
this marker is strongly connected to the exogenous intake of antioxidants through diet, so a
high value of this parameter may be explained as either a reduced ROS production or as an
indicator of antioxidant dietary consumption [63].

4.7. The Effects of Cornus mas L. and Sorbus aucuparia L. Extracts on Nitro-Oxidative Markers

Malondialdehyde represents a trustworthy parameter of oxidative stress that is a
byproduct of lipid peroxidation, which denotes an increased formation of free radicals [60].
In our study, MDA activity measurements revealed a considerable rise in the gentamicin
therapy group. Following treatment with both extracts, these elevations were reduced,
demonstrating a potential antioxidant impact. However, the capacity of the extracts to
reduce MDA levels in tissues was reduced as compared to plasma activity. According to
the literature’s data, the administration of nephrotoxic substances determined an increase
in MDA activity, while the treatment with Cornus mas L. extract diminished the production
of ROS [23,45]. Additionally, other studies demonstrated an elevation in MDA levels
following gentamicin administration, whereas the antioxidant-based treatment alleviated
lipid peroxidation [5,43,48]. The current paper’s findings regarding Cornus mas L. and
Sorbus aucuparia L. fruits” impact on malondialdehyde activity are in agreement with these
earlier publications.
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Nitric oxide is believed to play an important part in renal physiopathological mecha-
nisms. The alteration of renal hemodynamics and tubular function, as well as the disruption
in NO'’s synthesis pathway, have all been linked to kidney dysfunction [64]. As such, a
sudden rise in the concentration of nitric oxide produced by nitric oxide synthase (NOS),
in the presence of high quantities of superoxide anions (O, ™), generates the formation
of reactive nitrogen species (RNS), specifically peroxynitrite, which determines cytotoxic
effects and ultimately cell death [65,66]. In our study, a substantial rise in NO levels was
seen after gentamicin administration, in both plasma and tissues. Following antioxidant
treatment, Cornus mas L. extract demonstrated a stronger antioxidant effect in plasma,
while Sorbus aucuparia L. extract showed a more pronounced antioxidant action at the
renal tissue level. Moreover, previous investigations indicated increases in NO levels after
gentamicin treatment, which were subsequently decreased by antioxidant therapy through
the reduction of NOS and oxidative stress [5,48,63]. Our findings are broadly in agreement
with this prior research. The delivery of gentamicin may have caused oxidative stress,
which in turn caused NO to be scavenged by superoxide and peroxynitrite to be produced.
The resulting harm to the tubular cells may have caused renal malfunction. Additionally,
the positive association discovered between NO and MDA in our study emphasizes this
assertion, implying that higher NO is related to high levels of oxidative stress, as the
antioxidant therapy ameliorates the production of ROS and RNS.

4.8. The Effects of Cornus mas L. and Sorbus aucuparia L. Extracts on Kidney and Liver Tissue

According to the results of the histopathological analysis, the animals that received
gentamicin experienced severe alterations in the kidney and liver tissue. Significant
changes were observed after extracts treatment, with the majority of the renal and hepatic
parenchyma appearing unaltered. Even so, as compared to the groups that received ex-
tracts alone, kidney damage was still observed, although without statistically significant
differences. According to previously published data, the administration of carbon tetra-
chloride and cisplatin caused glomerular and tubular lesions, as well as hepatic alterations.
Cornus mas L. extract treatment improved these changes by reducing the severity of the
lesions [23,45,46]. Other studies demonstrated that gentamicin injection led to renal and
hepatic histological alterations, whereas gymnemic acid, Cinnamomum zeylanicum extract,
and pycnogenol alleviated these changes [42,44,67]. In essence, it may be said that our
results substantially support these previously released data.

In summary, Figure 11 illustrates a schematic representation of all impacts of Cornus
mas L. and Sorbus aucuparia L. extracts on rats exposed to gentamicin stress.
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Figure 11. Mechanistic overview of the Cornus mas L. and Sorbus aucuparia L. -mediated modulation
of gentamicin-induced nephrotoxicity; non-significant—ns; CysC levels were significantly increased
outlining that the extracts did not determine a protective glomerular impact—red font.
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5. Conclusions

Cornus mas L. and Sorbus aucuparia L. fruits have been shown to possess nephroprotec-
tive effects in gentamicin-induced nephrotoxicity on rats. Therefore, due to their ability to
reduce oxidative and nitrosative stress as well as the particular renal biomarkers KIM-1 and
iNAG, both extracts have demonstrated outstanding nephroprotection and a significant
tubular protective effect. These findings were strengthened by histopathological changes
and biochemical analysis. Moreover, the specific renal biomarker CysC did not show a
substantial reduction in its levels, indicating that the extracts did not demonstrate a strong
protective impact at the renal glomerular level. Further research is needed to establish the
underlying process and active site of these fruits.
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