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A B S T R A C T

Cisplatin (Cisp) is a widely distributed chemotherapeutic drug for cancers. Nephrotoxicity is one of the most
common side effects of the use of this drug. Carvacrol (CV) is a common natural compound in essential oils and
extracts of medicinal plants with potent in vivo and in vitro bioactivities. The work was extended to achieve the
target of investigation of the protective potentialities of CV and its nanoemulsion as a cytoprotective drug against
Cisp-induced nephrotoxicity in albino rats. CV-nanoemulsion was prepared by a hydrophilic surfactant poly-
sorbate 80 (Tween 80) and deionized water. The TEM image of the particle distribution prepared nanoemulsion is
mainly spherical in shape with particle size varying between 14 and 30 nm. Additionally, the Cisp administration
caused the increasing of the levels of urea and creatinine in the blood and serum. These increasing of urea and
creatinine levels caused consequently the turbulence of the oxidative stress as well as the rising of hs-CRP, IL-6,
and TNF-α levels in the serum. Also, histopathological changes of the kidney tissue were observed. These changes
back to normal by treatment with CV-nanoemulsion. Expression levels of nephrotoxicity-related genes including
LGALS3, VEGF, and CAV1 in kidney tissue using qRT-PCR were measured. The results revealed that the
expression of LGALS3, VEGF and CAV1 genes was highly significantly increased in only Cisp treated group when
compared with other treated groups. While, these genes expressions were significantly decreased in Cisp þ CV
treated group when compared with Cisp treated rats (P < 0.001). In addition, there were no significant differences
between Cisp þ nano-CV treated group and both negative control and nanoemulsion alone groups but it was not
significant. In addition, the Western blot of protein analysis results showed that the LGALS3 and CAV1 are highly
expressed only in Cisp þ CV treated group compared with other groups. There was no significant difference
between Cisp þ nano-CV treated animals and negative control for both mRNA and protein expression. Based on
these results, CV was combined with calcium alginate; a more stable capsule is formed, allowing for the formation
of a double wall in the microcapsule. These results supported the therapeutic effect of CV and its nano-emulsion as
cytoprotective agents against Cisp nephrotoxicity.
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1. Introduction

Cancer can be topped the major health risks worldwide, a principal
cause of disease related morbidity and mortality worldwide [1]. The
reported cancer risks related morbidity are not due to the underlying
disease itself but also include the chemotherapy effects. It is noteworthy
that oncologists are obliged to prescribe conventional chemotherapeutic
drugs as the first-line agents in treating various malignancies but this
hope soon comes to disappointment due to the action of harmful chem-
icals causing kidney toxicity [2].

Drug-induced nephrotoxicity is still unavoidable in the clinical situ-
ation due to its association with several factors that include drug over-
dose, drug-drug interactions and drug-related adverse effects. The
successful cooperation between scientists and clinicians in detecting and
understanding the specific pathogenic mechanisms of nephrotoxic drugs,
as well as medical monitoring and early detection of drug-induced
nephrotoxicity are critical in decreasing the incidence of kidney injury
and realistic approaches to avoid the end stage of renal failure [3].

The kidney, an essential organ in human body, is main target for drug-
induced toxicity with responsibility to eliminate xenobiotics and meta-
bolic products from the blood into the urine [4]. This process was occurred
via three important successive functions glomerular filtration, tubular
reabsorption and secretion of substances [4]. During these physiological
functions, the kidney compartments especially renal proximal tubular cells
(PTC) are naturally subjected to high concentrations of metabolites as well
as drugs susceptible to drug toxicity [5, 6]. Drug toxicity may be increased
up to 60% in elderly patients within the acute kidney injury (AKI), chronic
kidney disease (CKD) and acute renal failure (ARF) and thus end-stage renal
disease (ESRD) [7, 8, 9]. All these ailments were occurred via common the
pathogenic nephrotoxicity mechanismsincluding included alteration of
intra-glomerularhemodynamics, tubular cell toxicity, inflammation, crystal
nephropathy, rhabdomyolysis, and thrombotic micro-angiopathy [7].

Cisplatin [cis-diamminedichloroplatinum II, Cisp] is a drug that dis-
plays multi-organ toxicity with its potential cytotoxic mechanisms via
oxidative stress, inflammation and apoptotic and DNA degeneration ac-
tion [10]. It is one of the highly effective and most used antineoplastic
platinum-containing chemotherapeutic drugs [10]. Nephrotoxicity is
reckoned as the main and specific dose-limiting side effect of Cisp. This
drug is cleared in the kidney by both tubular secretion and glomerular
filtration. The proximal tubules are the main target for Cisp in the kidney,
as it accumulates and causes cellular damage [11]. The in vivo
Cisp-inducednephrotoxicity ismulti-mechanistic involve oxidative stress,
inflammation, fibro-genesis, and apoptosis. High doses of Cisp result in
proximal tubules cell necrosis, while low doses result in apoptosis [12].
The development of less nephrotoxic drugs is defying because the pre-
diction of nephrotoxicity during drug development remains difficult. But
the hope lies in combination of herbal medication with targeted drugs
[13]. So, the prevention and/or decreasing of the side effects of drugs are
of the main concerns in treating patients who are forced to take them for
long periods or permanently. The present study elucidates a new way to
get these treatments without subjecting them to new drug toxicity.

Carvacrol (CV, 5-isopropyl-2-methylphenol) is a common mono-
terpenoid and widely distributed in the essential oils (EOs) derived from
the members of the plant kingdom [14]. CV represented the main
component of the EOs of several plant species such as Origanum vulgare
(Fam.: Lamiaceae) [15],Thymus vulgaris (Fam.: Lamiaceae) [16], Lepidium
flavum (Fam.: Brassicaceae), Stellera chamaejasme (Fam.: Thymelaeaceae)
[17], Citrus aurantium (Fam.: Rutaceae), and others [14].

Manybiological andpharmaceutical potentialitiesweredocumented for
CV like antimicrobial, including antifungal, antibacterial, and antiviral [18,
19, 20, 21, 22], anticancer [23, 24, 25], free radical scavenging activity [26,
27, 28], hepatoprotective [29], antinociceptive [27], antiplatelet [30], and
antimutagenic [31]. CV is a potent inhibitor of food-borne pathogens as
Bacillus cereus, Salmonella, and Escherichia coli [14]. In clinical trial studies,
CV was reported to have a significant potentiality in reducing the irritant
sensation thus producing self-desensitization via repeated use [32].
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Herein, this work aims to the evaluation of the nephron-protection
potentialities of CV and its nanoemulsion against Cisp-induced toxicity
in male albino rats based upon i) biochemical, ii) histopathological, iii)
gene expression and iv) Western blot analysis.

2. Materials and methods

2.1. Chemicals and drugs

Carvacrol (CV) and Cisplatin were purchased from Sigma Aldrich
(Merck, Darmstadt, Germany) andWCHeraeus GmbH& Co., KG (Hanau,
Germany), respectively. All the used chemicals in this present work were
in the highest grade.

Blood urea and serum creatinine (kinetic method), all mentioned kits
were supplied from Spectrum chemical company (New Brunswick, USA).
While tumor necrosis factor alpha (TNF-α), interleukin 6 (IL-6), and
hypersensitive C-reactive protein (hs-CRP) ELISA Kits were purchased
from Bioneovan Company (Beijing, China).

2.2. CV-nanoemulsion preparation

A nanoemulsion of the CVwas prepared using Tween 80 as a non-ionic
surfactant derived from sorbitan esters. Tween 80was added to EO (1:1 w/
w) as the organic phase. The mixture of the organic phase was slowly
added in droplets to distilled water (aqueous phase) with vigorously stir-
ring via stirring device at 25 �C overnight. The prepared emulsion was
sonicated at 20 �C for 15 min using Ultrasonic (Sonics&Materials, Inc., 53
Church Hill Rd., Newtown, CT, USA) with a probe diameter of 13 mm at a
high frequency of 20 kHz and power output of 750 W [33].

2.3. Transmission electron microscopy (TEM)

Particle size and shape of the CV-nanoemulsion were determined
with a JEOL JEM 1011 (Japan) transmission electron microscope. A 400
μL of nanoparticle solutions were deposited on carbon coated copper
grids (400 meshes) and dried at 30 �C before image capture [34].

2.4. Animals and ethical statements

In the present study, we used ~150 g male albino rats that feed with
standard laboratory food and water ad libitum. The protocol was per-
formed in accordance with the Ethics Committee at the National
Research Centre, Egypt, taking into consideration the recommendations
of the US National Institutes of Health Guide for Care and Use of Labo-
ratory Animals (Publication No. 85-23, revised; approval no: 17-129).

2.5. Experimental design

Rats were randomly categorized into six equal groups, with six rats
each. The rats’ treatment and the experimental design were performed
according to Table 1. The Cisp induction was performed according to
Shalaby et al., 2021 one month [35]. At the end of the experiment, rats
were euthanized by decapitation, and blood and kidney tissues were
collected. A portion of the tissues were fixed in neutral buffered formalin
(10%) for histopathological examination, while the rest were quickly
dissected on the ice-cold plate, washed with ice-cold normal saline, and
stored at ‒80 �C for the biochemical analyses. The kidney was regulated
with 0.1 M saline phosphate buffer (pH 7.4) to give a final concentration
of 20% (w/v) to examine the biochemical assays.

2.6. Biochemical analyses

2.6.1. Assay of lipid peroxidation, reduced glutathione (GSH), and
superoxide dismutase (SOD)

Lipid peroxidation in the kidney tissue was determined by measuring
the content of the malondialdehyde (MDA) [36]. In this assay, the
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Table 1. Animal experimental design.

Experimental design

Group Treatment

Group I (Control group) the rats were intraperitoneal injected (I.P.) with saline
only.

Group II (Cisp. group) the rats were provided with 20 mg kg�1 Cisp [35]

Group III (CV only) the rats have injected with 150 mg kg�1 CV,

Group IV
(CV-nanoemulsion only)

the rats were injected with 150 mg kg�1 CV-
nanoemulsion.

Group V (CV/Cisp.) the rats were injected with 150 mg kg�1 CV þ Cisp.

Group VI
(CV-nanoemulsion/Cisp.)

the rats were injected with 150 mg kg�1 CV-
nanoemulsion þ Cisp.

The rats were injected three times/week for one month while in groups V and VI
the rats were administered for three weeks alone before the injection of cisp. and
then were continued for one week.
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thiobarbituric acid reactive substances react with thiobarbituric acid,
producing a red-colored complex that can be assayed via determination
of its absorbance at 532 nm by a spectrophotometer. On the other hand,
GSH content was determined in brain tissue using the method of
El-Refaei et al. [37]. In this assay, the Ellman's reagent is reduced by the
–SH groups of GSH to produce a yellow-colored 2-nitro-5-mercaptoben-
zoic acid, where the intensity of the color can be measured at 412 nm
via the spectrophotometer. The SOD activity was estimated according to
Mohamed and Fayed [38]. Units of SOD activity were expressed as the
amount of enzyme needed to inhibit the reduction of nitroblue tetrazo-
lium (NBT) by 50%, and the activity was expressed as units per mg
protein.

2.6.2. Assays for kidney functions
The blood urea and serum creatinine were determined via kits

(Spectrum chemical company, New Brunswick, USA) according to the
kinetic method as mentioned by Salama et al. [39].

2.6.3. Assays for inflammatory indexes of the treated rats
The tumor necrosis factor alpha (TNF-α) was assayed according to the

methods of Abd El-Karim et al. [40], interleukin 6 (IL-6) was assayed
according to Ghanim et al. [41], and hypersensitive C-reactive protein
(hs-CRP) levels were measured according to Sakyi et al. [42]. These as-
says were performed by ELISA Kits were purchased from Bioneovan
Company (Beijing, China).

2.7. Histopathological examination

At the end of the experiment, kidney and liver tissues were removed
and fixed in formalin (10%). After 24 h, the tissues were gradually
dehydrated via ethanol (70% to absolute), then cleared in xylene,
impregnated, and embedded in paraffin wax. Sections were prepared
using a microtome, stained with hematoxylin and eosin (H&E), and
mounted by DPX. The prepared slides were examined for microscopic
alterations by light microscopy [43].

2.8. Gene expression analysis

2.8.1. RNA extraction and cDNA synthesis
All the extraction procedures were achieved on ice using ice-cold

reagents. The total RNA from kidney tissue was isolated using TRIzol
reagent (Invitrogen) according to the manufacturer's instructions and
quantified by measuring the absorbance at 260 nm. The RNA quality was
determined by measuring the 260:280 ratios. The isolated RNA was
converted into cDNA using cDNA synthesis kit (Thermo Scientific).
Complementary DNA (cDNA) synthesis was performed using a High-
Capacity cDNA Reverse Transcription kit (Applied Biosystems) accord-
ing to the manufacturer's instructions. Briefly, 1.0 μg of total RNA from
3

each sample was added to a mixture of 2.0 μl of 10� reverse transcriptase
buffer, 0.8 μl of 25� dNTP mix (l00 mM), 2.0 μl of l0� reverse tran-
scriptase random primers, 1.0 μl of MultiScribe reverse transcriptase and
3.2 μl of nuclease-free water. The final reaction mixture was kept at 25 �C
for 10 min, heated to 37 �C for 120 min, heated at 85 �C for 5 s, and
finally cooled to 4 �C.

2.8.2. Quantitative real-time PCR
The forward primer sequence for Lgals3 expression analysis was 50-

GGAGCACTAACCAGGAAAATGG-30, and the reverse primer was 50-
GAAGCGGGGGTTAAAGTGGA-3`. The forward primer for VEGFA
expression analysis was 50- TCCAATTGAGACCCTGGTGGA-30, and the
reverse primer was 50-AAGGCTCACAGTGAACGCTCC-3`. The forward
primer for Cav1 expression analysis was 50-TGAACTCTTCTTCCCACCGC-
30, and the reverse primer was 50-AGATGCCGTCGAAACTGTGT-3`. Real-
time PCR was performed in QuantStudio™ 7 Flex Real-Time PCR System
(Thermo Scientific), using PowerUp™ SYBR® Green Master Mix (Thermo
Scientific). GAPDH was used as an internal control. The 2�ΔΔCT method
was used to calculate the relative expression of the gene.

User Bulletin No. 2. Briefly, the data are presented as the fold change
in gene expression normalized to the endogenous reference gene
(β-actin) and relative to a calibrator. Each experiment was conducted in
triplicate and repeated three times independently.

2.9. Western blot analysis

The Ready PrepTM protein extraction kit (total protein) provided by
Bio-Rad Inc (Catalog #163-2086) was employed according to manufac-
turer instructions was added to each homogenized sample of all different
groups. Bradford Protein Assay Kit (SK3041) for quantitative protein
analysis was provided by Bio basic inc (Markham Ontario L3R 8T4
Canada). A Bradford assay was performed according to manufacture in-
structions to determine protein concentration in each sample. 20 μg
protein concentration of each sample was then loaded with an equal
volume of 2x Laemmli sample buffer containing 4% SDS, 10% 2-mercap-
toethanol, 20% glycerol, 0.004% bromophenol blue, and 0.125 M Tris
HCl. The pH was checked and brought to 6.8. Each previous mixture was
boiled at 95 �C for 5 min to ensure denaturation of protein before loading
on polyacrylamide gel electrophoresis. Polyacrylamide gels were per-
formed using TGX Stain-Free™ FastCast™ Acrylamide Kit (SDS-PAGE),
which was provided by Bio-Rad Laboratories Inc Cat # 161-0181. The
SDS-PAGE TGX Stain-Free FastCast was prepared according to manu-
facture instructions. The gel was assembled in a transfer sandwich as
follows from below to above (filter paper, PVDFmembrane, gel, and filter
paper). The sandwich was placed in the transfer tank with 1x transfer
buffer, which is composed of 25 mM Tris and 190 mM glycine, and 20%
methanol. Then, the blot was run for 7 min at 25 V to allow protein bands
to transfer from gel to membrane using BioRad Trans-Blot Turbo. The
membrane was blocked in tris-buffered saline with Tween 20 (TBST)
buffer and 3% bovine serum albumin (BSA) at room temperature for 1 h.
The components of the blocking buffer were as follows; 20 mM Tris pH
7.5, 150mMNaCl, 0.1% Tween 20, and 3% bovine serum albumin (BSA).
Primary antibodies of CAV1 and LGALS3 were purchased from Invi-
trogen (Carlsbad, CA, USA. Primary antibodies were diluted in TBST
according to manufactured instructions. Incubation was done overnight
in each primary antibody solution, against the blotted target protein, at 4
�C. The blot was rinsed 3–5 times for 5 min with TBST. Incubation was
done in the HRP-conjugated secondary antibody (Goat anti-rabbit IgG-
HRP-1mg Goat mab-Novus Biologicals) solution against the blotted
target protein for 1 h at room temperature. The blot was rinsed 3–5 times
for 5 min with TBST.

The chemiluminescent substrate (ClarityTM Western ECL substrate
Bio-Rad cat#170-5060) was applied to the blot according to the manu-
facturer's recommendation. Briefly, equal volumes were added from so-
lution A (Clarity western luminal/enhancer solution) and solution B
(peroxidase solution). The chemiluminescent signals were captured
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using a CCD camera-based imager. Image analysis software was used to
read the band intensity of the target proteins against the control sample
β-actin (housekeeping protein) by protein normalization on the Chem-
iDoc MP imager. All fold changes of band densities were determined with
normalization to β-actin, an endogenous control. Relative protein
expression was calculated as the relative density of a protein band
normalized to the endogenous control. Each experiment was conducted
in triplicate and repeated three times independently.

2.10. CV-encapsulation preparation

CV-encapsulation was encapsulated by cross-linking in calcium algi-
nate beads. Sodium alginate (2 mL; 4%) and 0.5 mL of the CV-
encapsulation (0.02 gm) were dissolved in 0.1 M acetate buffer and
then, the resulted viscous mixture was dropped (with suitable dropper)
into cold calcium chloride solution (20 mL; 0.2M). The formed calcium
alginate beads (comprising the CV-encapsulation) were stored in a
refrigerator for 24 h, and then the unbounded CV-encapsulation was
removed by washing with distilled water [44].

2.11. Statistical analysis

Data are presented as mean � SE. Differences between groups were
evaluated using one-way analysis of variance (ANOVA), followed by
Duncan's multiple range test using SPSS software (SAS Institute Inc.,
Cary, NC). Differences were regarded as statistically significant at a
probability value of less than 0.05.

3. Results

3.1. Transmission electron microscopy (TEM) of CV-nanoemulsion

The shape and size of the prepared CV-nanoemulsion were evaluated
using the HRTEM technique. CV-nanoemulsion was prepared by a hy-
drophilic surfactant polysorbate 80 (Tween 80) and deionized water.
Figure 1 displays the TEM image of the particle distribution of the pre-
pared nanoemulsion. The prepared nanoemulsion is mainly spherical in
shape with particle size varying between 14 and 30 nm. The particles are
separated from each other which reflects the capping action of the
nanoemulsion in the preparation process. Themean droplet size diameter
of CV-nanoemulsion was 106 nm (25% � 62 nm, while 75% � 153 nm
Figure 1. TEM image of CV-nanoemulsion particles distribution.
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[33]. Both Tween 80 concentration and time of sonication displayed the
main role in the formation of nanoemulsion [45]. The droplets of
nanoemulsion have a size ranging from 20 to 200 nm [46]. Felicio et al.,
2021 [47] described that the nanoemulsion of carvecrol prepared under
the same conditions is stable with the zeta potential ranges of �26.37 to
�14.60. It has been reported that the small droplet size of nanoemulsion
can be recognized when the surfactant hydrophile lipophile balance
(HLB) value coincides with the value of the essential oil [48].

3.2. Effect of CV and its nanoemulsion on oxidative stress, SOD, GSH, and
MDA in cisp-induced nephrotoxicity in rats

The mean values of kidney SOD and GSH, in CV and nanoemulsion
groups, were insignificantly changed compared to the control group, the
recorded mean value of SOD, GSH in the control positive group was
significantly decreased compared to the control group (Table 2). While
the mean values of kidney SOD and GSH in CV/Cisp and CV-
nanoemulsion/Cisp groups were significantly decreased compared to
the control group. In contrast, the mean values of (MDA) in cisp group
were significantly increased compared to the control group.

3.3. Effect of CV and its nanoemulsion on kidney functions in cisp-induced
nephrotoxicity in rats

Induction of nephrotoxicity in experimental animals (Cisp group)
caused the serum urea, creatinine was significantly elevated in
comparing with the control group. Meanwhile, nephrotoxic animals that
were protected with CV-nanoemulsion recorded a less observable in-
crease in serum urea, creatinine compared to NC animals indicating a
better improvement. On the other hand, no significant difference in the
level of serum urea, and creatinine were observed between rats treated
with either CV or its nanoemulsion and normal control animals (Table 3).

3.4. Effect of CV and its nanoemulsion on serum Hs-CRP, IL-6, and TNF-α
in cisp-induced nephrotoxicity in rats

Induction of nephrotoxicity in experimental animals (Cisp group)
caused the significant elevation of the serum levels of hs-CRP, IL-6, and
TNF-α in comparison to the control group (Table 4). Meanwhile, neph-
rotoxic animals protected with CV-nanoemulsion recorded a less
observable increase in serum hs-CRP, IL-6, and TNF-a compared to
normal control rats indicating a better improvement. On the other hand,
no significant difference in the level of serum hs-CRP, IL-6 and TNF-α
were observed between rats treated with either CV or its nanoemulsion
and normal control animals.

3.5. Histopathological results of the kidney tissue

Microscopic examination of the tissue from the renal cortex of control
rats showed normal renal corpuscles, proximal convoluted tubules, and
distal convoluted tubules. The glomeruli, urinary spaces, and Bowman's
Table 2. Effect of CV and its nanoemulsion on MDA, SOD, and GSH in kidney
tissue in Cisp-induced nephrotoxicity in rats.

Groups MDA (nmol/g) SOD (ug\g) GSH (ug/g)

Control 0.79 � 0.04 191.1 � 3.7 31.3 � 0.7

Cisp group 1.33 � 1.04a 135.4 � 2.4a 15.4 � 0.3a

CV 0.78 � 0.04b 189.3 � 4.1b 29.3 � 0.6b

CV-nanoemulsion 0. 84 � 0.04b 188.4 � 4.1b 27.4 � 0.3b

CV/Cisp 1.07 � 0.07a 153.5 � 3.4a 22.7 � 0.3a

CV-nanoemulsion/Cisp 0.94 � 0.07a 179.3 � 1.7 25.4 � 0.4a

Values are represented as means � SE for 6 rats in each group. a significant
difference compared to control group, b significant difference compared to
Cisp.group. Significant at P < 0.05 (one-way ANOVA).



Table 3. Effect of CV and its nanoemulsion on kidney functions in Cisp-induced
nephrotoxicity in rats.

Groups Urea mg\dl Creatinine mg\dl

Control 20.4 � 0.74 0.58 � 0.03

Cisp group 45.7 � 1.07a 2.56 � 0.04a

CV 29.7 � 1.04b 0.68 � 0.03b

CV-nanoemulsion 31.4 � 2.34b 0.7 � 0.04b

CV/Cisp 41.8 � 2.07a 1.9 � 0.04a

CV-nanoemulsion/Cisp 34.9 � 2.07a 1.5 � 10.06

Values are represented as means � SE for 6 rats in each group. a significant
difference compared to the control group, b significant difference compared to
cisp group. Significant at P < 0.05 (one-way ANOVA).

Table 4. Effect of CV and its nanoemulsion on hs-CRP, IL-6, and TNF-α in Cisp-
induced nephrotoxicity in rats.

Groups Hs-CRP (mg/l) IL-6 (pg/ml) TNF-α (pg/ml)

Control 36 � 0.74 81.6 � 0.8 67.6 � 0.7

Cisp group 72.8 � 1.07a 133 � 1.24a 130 � 2.24a

CV 41.7 � 0.8b 79.6 � 0.5b 71.6 � 0.5b

CV-nanoemulsion 40.4 � 0.9b 84 � 0.4b 72 � 0.6b

CV/Cisp 62.8 � 0.7a 103 � 0.5a 75 � 1.5a

CV-nanoemulsion/Cisp 52.9 � 0.78a 92 � 0.6 99 � 2.4

Values are represented as means � SE for 6 rats in each group. a significant
difference compared to the control group, b significant difference compared to
cis-group.significant at P < 0.05 (one-way ANOVA).
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capsules are noticed (Figure 2). Examination of the positive control, kid-
ney showed atrophy of the glomeruli, degeneration of the renal tubules,
hemorrhage and inflammatory infiltration in the interstitial tissues
(Figure 2-B). In rats thatwere given CVonly, the histological investigation
showed the tissue of glomeruli, and the renal tubules appeared more or
less like normal form (Figure 2-C). Investigation kidney of rats giving CV-
nanoemulsion only showed that the tissue of cortex appeared nearly the
normal structure (Figure 2-D). On the other hand, kidneys of rats given CV
and Cisp showed the tissue appear more or less like normal. The presence
of inflammatory infiltration in the interstitial tissues was noticed
(Figure 2-E). Moreover, the tissues appeared more or less like normal
structure (Figure 2-F) in the rats treated with CV-nanoemulsion and Cisp.

3.6. Histopathological results of the liver tissue

The liver sections of the control rats showed a hepatic lobule archi-
tecture. The central vein in the lobule surrounded by the hepatocytes and
with strongly eosinophilic granulated cytoplasm as well as distinct nuclei.
The hepatic sinusoids are observed between the hepatocytes' strands
(Figure 3-A). Histopathological examination of liver from þve control
showed congested portal tract. Inflammatory infiltration in the interstitial
tissues edema and necrotic hepatocytes that surrounded the portal area
was also seen (Figure 3-B). Microscopic investigation of liver from rats
given CV only showed the tissue appeared more or less like normal
(Figure 3-C). In the case of rats given CV-nanoemulsion only, the liver
exhibited the nearly normal structure (Figure 3-D). In rats given CV and
Cisp, liver tissue showedmoreor less likenormal structure (Figure3-E).On
theotherhand, rats givenCV-nanoemulsionandCisp showed the tissues of
the liver appeared more or less like normal form (Figure 3-F).

3.7. Gene and protein expression results

The qRT-PCR was used for the characterization of the expressions of
mouse LGALS3, VEGF, and CAV1 in kidney tissue. mRNA expressions
were detected in kidney tissue for these genes. Expression levels of
nephrotoxicity-related genes including LGALS3, VEGF, and CAV1 in
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kidney tissue using qRT-PCR are summarized in (Figures 4 and 5).
Expression levels of nephrotoxicity-related genes including LGALS3,
VEGF, and CAV1 in kidney tissue using qRT-PCR were measured. The
results revealed that the expression of LGALS3, VEGF, and CAV1 genes
has a highly significant increment in only Cis treated group when
compared to other treated groups (data not shown). In Cisp þ CV treated
group, the expression of these genes was significantly decreased when
compared with Cisp treated animals (P < 0.001). In addition, there were
differences among Cisp þ nano treated group and the negative control
and nano alone but not significant. The protein expression Western blot
analysis exhibited that the LGALS3 and CAV1 are highly expressed only
in Cispþ CV treated group when compared with other groups. There was
no significant difference between Cisp þ nano treated rats and negative
control for both gene and protein expression.

3.8. CV-nano-encapsulation results

Sodium alginate is one of the most often utilized polymers as an
encapsulating material because it can build a very adaptable matrix that
is biocompatible and non-toxic for the preservation of essential oils. The
extrusion method involved pouring a sodium alginate solution into cal-
cium salt solution, resulting in emulsification method and external ionic
gelation, which involves internal ionic gelation of alginate in water/oil
emulsion [49]. Extrusion particles typically had diameters ranging from
500 μm to 3 mm. The formed particles size was determined by the needle
diameter used for the solution dripping, the viscosity, and the alginate
solution concentration, as well as the distance between the syringe and
the calcium chloride solution [50]. When the union zone between the
blocks of acid -L-guluronic (G) of one alginate molecule was physically
attached to another acid -L-guluronic (G) block from another alginate
molecule by calcium ions, gelation occurs. The egg-box model offers a
glimpse of the construction (Figure 6) [51]. Between charged bio-
polymers with opposing charges, an electrostatic contact was developed.
A CV molecule as a positive polyelectrolyte and a polysaccharide mole-
cule as a negative polyelectrolyte were employed in most biopolymer
systems [52]. When CV was combined with calcium alginate, a more
stable capsule is formed, allowing for the creation of a double wall in the
microcapsule as shown in Figure 6 [53].

4. Discussion

CV, a common safe compound for consumption, has been used in
foods based upon the acceptance via the Federal Drug Administration
[54]. Additionally, it might be a leading drug compound due to its
therapeutic action against inflammation, malignant tumors, viral in-
fections, and immunity diseases [14]. The present study aimed to
investigate the potentialities of CV and its nanoemulsion to inhibit the
development of Cisp-induced nephrotoxicity in rat models. Several
studies reported that Cisp causes the development of several side effects
including mainly the Reactive oxygen species (ROS) and oxidative stress
[55]. The amount of superoxide anions and hydroxyl radicals caused the
increasing of Cisp-induced oxidative stress. Excessive ROS could destroy
cellular protein, lipids, and DNA under oxidative stress conditions, as
well as regulation of survival signals [56]. The cytotoxic effects of Cisp
into the tubular cells were occurred via multi complicated mechanisms,
including oxidative stress, followed by inflammation and subsequent cell
apoptosis and necrosis leading to renal dysfunction [12]. The ROS
excessive production caused mechanismatically by mitochondrial and
DNA damage also inhibited the antioxidant enzymes such as SOD, CAT
and GSH [57]. Cisp cytotoxic action was analogous to that of alkylating
agents. When entering the cell, the chloride ion dissociates and leaves a
reactive complex that reacts with water and then interacts with the DNA
by forming covalent bonds, preferably at the N7 position of adenine and
guanine [58]. Due to the shortest life span of ROS, it is very hard to be
detected so ROS-related tissue destruction could be estimated by the final
product of lipid peroxidation, such as MDA, which is reported as a



Figure 2. Sections of cortex tissues from
rat's kidney of (A) control showed normal
renal corpuscles, proximal convoluted tu-
bules, and distal convoluted tubules. The
glomeruli, urinary spaces, and Bowman's
capsules are noticed (scale bar: 50 μm), (B)
Cisp group shows atrophy of the glomeruli,
degeneration of the renal tubules, hemor-
rhage and inflammatory infiltration in the
interstitial tissues, (C) rat given CV only
shows the tissue appear more or less like
normal, (D) rat given CV-nanoemulsion only
shows the tissue appear nearly the normal
structure, (E) rats given CV and Cisp shows
the tissue appear more or less like normal.
Notice the presence of inflammatory infil-
tration in the interstitial tissues, (F) rat given
CV-nanoemulsion and Cisp shows the tissues
appear more or less like normal (H & E stain,
scale bar: 100 μm).

T.I.M. Ragab et al. Heliyon 8 (2022) e09198
realistic biomarker for measuring the level of oxidative stress [59, 60].
Our current hypotheses suggest that increased levels of MDA reported
after Cisp administration were a consequence of its cytotoxicity and the
development of oxidative stress. Measurement of the concentration of
lipid peroxidation products and antioxidants may determine the level of
tissue harm. Shalaby et al. [35], reported that MDA levels were
controlled to normal by sodium salicylate dosage. The present analysis
demonstrated that MDA return to decreased level after CV-nanoemulsion
treatment when compared with Cisp group and this amelioration is more
obvious than in the treatment with the CV alone.

There was also depletion of GSH as an important kidney free radical
scavenger. Glutathione is the most abundant intracellular thiol and the
ratio between its reduced (GSH) and oxidized (GSSG) forms largely
determined the redox state of the cell [61]. The observed decreasing in
kidney GSH following Cisp injection reflected the antioxidant con-
sumption by the increasing of free radical generation and therefore
substantially impair the kidney tissue ability to cope with further
oxidative stress [62]. It was worth mentioning that glutathione is an
essential source during that process for GSH-Px activity.

SOD is a crucial enzyme widely existing in the body. Its content can
mirror free radicals scavenging ability [63]. The SOD could be postulated
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as the start of sparks for antioxidant cascade by superoxide anion
detoxification into hydrogen peroxide [64]. Then, the resulting com-
pound will be converted to water by the succeeding enzymes, CAT and
glutathione peroxidase (GSH-Px), to protect cells against ROS destructive
action. With failing of these well-integrated endogenous antioxidant
systems, the body could borrow these detoxification capacities by the
assistant role of exogenous antioxidant molecules [64, 65, 66].

The current study referred that the CV or its nanoemulsion adminis-
tration increased SOD and GSH. The SOD increases was found as corre-
sponding with enhancement of resistance to oxidative stress. On the
other hand, the Cisp group attained lower SOD activity when compared
to the control group. It is possible that because of excessive production of
free oxygen radicals, generating O2

� and/or possible induction of SOD
activity [67]. Furthermore, excessive O2

� scavenges by SOD, so that the
cells are protected against the toxic effects of superoxide radicals,
reflecting the decrease in catalase enzyme activity. The effect of Cisp
administration appeared in the decreasing in SOD activity That may be
associated with the overproduction of oxidative stress, nitrosative stress,
and the generation of oxygen [68].

Present observations indicated that the administration of either CV or
its nanoemulsion ameliorated the Cisp-induced increasing in lipid



Figure 3. Sections of the liver of rats of (A)
control show the normal architecture of a
hepatic lobule. The central vein lies at the
center of the lobule surrounded by the he-
patocytes with strongly eosinophilic granu-
lated cytoplasm, and distinct nuclei. Between
the strands of hepatocytes, the hepatic sinu-
soids are shown, (B) Cisp group shows con-
gested portal tract. Notice inflammatory
infiltration in the interstitial tissues edema
and necrotic hepatocytes that surrounded the
portal area, (C) rat given CV only shows the
tissue appear more or less like normal, (D)
rat given CV-nanoemulsion only shows the
tissue appear nearly the normal structure, (E)
rat given CV and Cisp shows the tissue
appear more or less like normal, (F) rat given
CV-nanoemulsion and Cisp shows the tissues
appear more or less like normal (H & E stain,
scale bar: 100 μm).
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peroxidation and counteracted the decrease in kidney GSH and SOD.
Moreover, either drug-induced a significant decrease in the elevated
MDA levels in the kidney of Cisp-treated rats. The effect of CV or its
nanoemulsion on oxidative stress is likely to be of benefit in reducing
nephron injury during the state of inflammation and oxidative stress.
Here, it is worthy to mentioning that the CV-nanoemulsion model bears a
structural antioxidant, which might underlie its antioxidant properties.

As mentioned above, the excessive increasing of the pro-
inflammatory factors levels including the TNF-α and IL-6 are the main
initiators of inflammatory cascade reaction of cis-induced nephrotoxi-
city. It could provoke glomerular vascular endothelial cells to secrete
adhesion factors that endorse the proliferation of glomerular mesangial
cells and thus glomerular lesions [63]. After stimulation by some anti-
gens, the mesangial cells could sustainably secrete IL-6. Thus, the serum
IL-6 level was significantly increased. The increased IL-6 could stimulate
the proliferation of mesangial cells, induce the pathological changes of
glomeruli and abnormal structure and function [67]. In addition, IL-6
could stimulate the kidney cells to produce a large number of hs-CRP,
which aggravates the inflammatory response [69]. Herein, compared
with the normal control group, the renal tissue TNF-α, IL-6, and hs-CRP
levels in the Cisp-group were significantly increased. On the other
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hand, the levels of these indexes were significantly reduced in CV and its
nanoemulsion groups in which the decreasing is more obvious in the
nanoemulsion group than CV group when compared with the control
group. Basically, the inflammatory response was involved in nephro-
toxicity rat models. Based upon these data, CV and especially its nano-
emulsion form exhibited the potentialities of the reduction of the
inflammatory response and thus reducing the renal injury.

The qRT-PCR was used for the characterization of mouse LGALS3,
VEGF, and CAV1 expressions in kidney tissue. The mRNA expressions
were detected in kidney tissue for these genes. Expression levels of
nephrotoxicity-related genes including LGALS3, VEGF, and CAV1 in
kidney tissue using qRT-PCR are summarized in (Table 4 and Figure 4,
Fig. S1–S3). The results revealed that the expression of LGALS3, VEGF,
and CAV1 genes were significantly increased (P < 0.001) in Cisp only
treated group when compared to the treated groups (negative control,
CV-nano alone, and CV-nanoCVþ Cisp treated tissues). In addition, there
were differences between Cisp þ CV-nano treated group and both of
negative control and nano alone but was not significant. In parallel to
gene expression data, the two proteins (LGALS3 and CAV1), analyzed by
Western blot method, were found highly expressed only in Cisp treated
group without significant differences between other groups.



Figure 4. The RT-qPCR validation of mRNA expression for LGALS3, VEGF, and CAV1 in kidney tissue. * indicated significant differences between means at P < 0.05
and error bars represents standard error of the mean (SEM). Means comparisons were performed by using Duncan's multiple range test. Samples/group n ¼ 06.
Expression levels were normalized using β-actin levels.

Figure 5. Protein expression of both CAV and LGALS3 in rat kidney tissues, Control (I), CV alone (II), CV-nanoemulsion alone (III), CV þ Cisp (IV), and CV-
nanoemulsion þ Cisp (V). For Non-adjusted images (see fig. S1–S3).
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Figure 6. SEM of CV-nano-encapsulation particles.
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Rui et al. [70] concluded that galectin-3 (LGALS3) serves significant
roles in many biological activities, including cell growth, apoptosis,
pre-mRNA splicing, differentiation, transformation, angiogenesis, inflam-
mation, and fibrosis. Earlier studies have shown that galectin-3 may be
used as a diagnostic or prognostic biomarker for certain types of heart dis-
ease, kidney disease, and cancer.

The LGALS3 might act for the regulation of the cell growth, differ-
entiation, and inflammation through its carbohydrate-binding function.
LGALS3 also played a complex context-dependent role in the kidneys.
Szu-Chia and Po-Lin [71] suggested that a rise in the concentration of
galectin-3 has been conveyed to be associated with renal fibrosis. Raised
levels of plasma galectin-3 are also associated with increased risks of
rapid renal function decline, incident chronic kidney disease, and pro-
gressive renal impairment.

Vascular endothelial growth factor (VEGF) is the main regulator of
blood vessel growth and plays an important role in promoting endothe-
lial survival and maintaining the microvasculature [72].

VEGF is elemental for endothelial cell differentiation (vasculogenesis)
and the sprouting of new capillaries from preexisting vessels (angiogen-
esis). In addition, there is a strong suggestion that VEGF is a survival factor
allowing the cells to survive and proliferate under conditions of extreme
stress [73]. Caveolin-1 (Cav1) acts a main role in the caveolae formation.
Little is known about their functional role in the kidney. Caveolae have
been involved in the regulation of vascular tone, cardiac rhythm, respira-
tory function, and overall lipid metabolism [73]. Cav1 and Cavin-1 (also
known as Polymerase I and Transcript Release Factor; PTRF) are essential
for the biogenesis of caveolae. Genetic deletion of either Cav1 or PTRF in
9

mice leads to impaired caveolae formation with resulting functional dis-
orders primarily affecting blood vessels, lungs, and fat tissue [74]. In
agreement with documented studies [73, 74], CV-nanoemulsion exhibited
effective reduction of the expression of LGALS3, VEGF, and Cav1 which
were increased in case of administration of Cisp only.

Based upon these findings that deduced the significant effects of CV
and its nanoemulsion, the nano-encapsulated form of the CV was pre-
pared that might be reported as a starting drug leader. Sodium alginate
was utilized as an encapsulating material because it builds a very
adaptable matrix that is biocompatible and non-toxic for the preservation
of CV-encapsulation of CV can open up Reverso's context of new drug
delivery applications.

5. Conclusion

In addition to the previous documented significant biological poten-
tialities of CV, our finding deduced the important effects of CV and its
nanoemulsion as cytoprotectors against Cisp-induced nephrotoxicity in
rats. These conclusions were constructed via their significant potential-
ities of them, especially CV-nanoemulsion, via improvement of the kid-
ney SOD and GSH, in CV and the increasing of the serum urea, creatinine
compared to NC animals indicating a better improvement comparing
with the control and þve groups. All these data were supported by his-
topathological analysis, gene expressions and Western blot. Finally and
base these results, the microcapsululated form of CVwas constructed that
might be used as a unit for drug manufacture.
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