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ABSTRACT
Aim: Potassium dichromate is a heavy metal associated with nephro-
toxicity in people and animals, resulting in oxidative stress, inflamma-
tion, and apoptosis in tissues. 1,8-cineole is a monoterpene with antioxi-
dant, anti-inflammatory, and anti-apoptotic properties.  This study aimed 
to investigate the potential protective effects of 1,8-cineole against po-
tassium dichromate-induced nephrotoxicity.
Material and Methods: This study involved 40 male Wistar albino rats, 
randomly allocated to five groups (n=8): control, vehicle, potassium di-
chromate (PD), 1,8-cineole (CN), and potassium dichromate combined 
with 1,8-cineole (PD+CN). All treatments were administered orally once 
daily for 28 days. Malondialdehyde (MDA), reduced glutathione (GSH), 
catalase (CAT), and superoxide dismutase (SOD) levels were assessed 
as oxidative stress in kidney tissue. Furthermore, levels of nuclear fac-
tor kappa B (NF-κB) and tumor necrosis factor-alpha (TNF-α) were 
evaluated as indicators of inflammation. Bax expression was analyzed 
through immunohistochemical methods, and histopathological changes 
in kidney tissue were assessed. 
Results: In the kidney tissue of rats in the PD group, elevated levels 
of MDA, NF-κB, and TNF-α were noted relative to other experimen-
tal groups, although activities of GSH, SOD, and CAT were decreased 
(p<0.01). CN treatment led to substantial enhancements in GSH, SOD, 
and CAT levels, concurrently reducing MDA, NF-κB, and TNF-α lev-
els (p<0.01). Immunohistochemical investigations showed that PD in-
creased Bax expression in kidney tissue (p<0.01), but CN treatment 
significantly reduced Bax expression (p<0.01). In the PD+CN group, 
kidney tissue histopathological changes caused by PD were reduced.
Conclusion: CN has anti-inflammatory, antioxidant, anti-apoptotic, and 
nephroprotective properties against PD-induced nephrotoxicity. 
Keywords: 1,8-cineole, inflammation, nephrotoxicity, oxidative stress, 
potassium dichromate

ÖZ
Amaç: Potasyum dikromat, insanlar ve hayvanlarda nefrotoksisite ile 
ilişkilendirilen, dokularda oksidatif stres, inflamasyon ve apoptoza yol 
açan ağır bir metaldir. 1,8 sineol ise anti-oksidan, anti-inflamatuar ve 
anti-apoptotik aktivitelere sahip bir monoterpendir. Bu çalışmada, po-
tasyum dikromat kaynaklı böbrek toksisitesine karşı 1,8 sineol’ün olası 
koruyucu etkilerinin incelenmesi amaçlanmıştır.
Gereç ve Yöntemler: Bu çalışmada 40 adet Wistar albino ırkı erkek sı-
çan rastgele olarak kontrol, vehicle, potasyum dikromat (PD), 1,8-sineol 
(CN) ve potasyum dikromat + 1,8-sineol (PD+CN) olmak üzere beş gru-
ba ayrıldı (n=8). Tüm uygulamalar 28 gün boyunca günde bir kez oral 
yolla gerçekleştirildi. Böbrek dokusunda oksidatif stresin biyokimyasal 
belirteçleri olarak malondialdehit (MDA), indirgenmiş glutatyon (GSH), 
katalaz (CAT) ve süperoksit dismutaz (SOD) düzeyleri değerlendirildi. 
Ayrıca inflamatuvar parametreler olarak nükleer faktör kappa B (NF-κB) 
ve tümör nekroz faktör-alfa (TNF-α) düzeyleri analiz edildi. Apoptotik 
sürecin değerlendirilmesi amacıyla Bax ekspresyonu immünohistokim-
yasal yöntemle incelendi ve böbrek dokusunda oluşan histopatolojik 
değişiklikler değerlendirildi.
Bulgular: PD grubu sıçanların böbrek dokusunda diğer deney grup-
larına göre MDA, NF-κB ve TNF-α seviyelerinde artış gözlemlenirken, 
GSH, SOD ve CAT aktivitelerinde azalma görüldü (p<0.01). CN tedavi-
si, MDA, GSH, SOD ve CAT seviyelerinde önemli iyileşmeler sağlarken, 
NF-κB ve TNF-α seviyelerini düşürdü (p<0.01). İmmünohistokimyasal 
incelemeler, PD'nin böbrek dokusunda apoptotik belirteçlerden biri olan 
Bax ekspresyonunu artırdığını (p<0.01), CN tedavisinin ise Bax eks-
presyonunu önemli ölçüde azalttığını gösterdi (p<0.01). Buna ek olarak, 
PD'nin böbrek dokusunda neden olduğu belirgin histopatolojik değişik-
likler, PD+CN grubunda hafifledi.
Sonuç: Çalışmamızın sonuçları, CN’nin PD kaynaklı nefrotoksisite üze-
rinde antiinflamatuar, antioksidatif, antiapoptotik ve nefroprotektif etkile-
ri olduğunu göstermektedir. 
Anahtar Kelimeler: 1,8-sineol, İnflamasyon, nefrotoksisite, oksidatif 
stres, potasyum dikromat
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INTRODUCTION 

Chromium (Cr) is a heavy metal that presents considerable 
hazards to human health owing to its poisonous character-
istics (1). Cr toxicity is contingent upon its chemical form, 
dosage, and duration of exposure (2). Cr is typically present 
in the environment in its trivalent [Cr(III)] and hexavalent 
[Cr(VI)] forms (3). Cr(VI) is known to traverse cell mem-
branes readily through anion transporter systems and is 
subsequently reduced to Cr(III) within the cell by the gener-
ation of reactive intermediates (4). It has been reported that 
the intermediates produced during this reduction process 
serve as electron donors in Fenton and Haber–Weiss reac-
tions, resulting in the production of an inordinate quantity of 
reactive oxygen species (ROS). Increased ROS formation 
is reported to trigger oxidative stress mechanisms, causing 
damage to cellular macromolecules and contributing to the 
development of toxicity in many vital organs (5,6). 

Potassium dichromate (PD) is a Cr(VI) compound exten-
sively utilized in numerous industrial applications, such as 
leather tanning, electroplating, industrial pigments, and the 
stainless steel sector (7). Numerous investigations have 
associated this compound with multi-organ toxicity, terato-
genicity, mutagenicity, and carcinogenicity (1,8). Moreover, 
due to the kidneys’ essential function in the excretion of 
PD and the compound’s propensity to accumulate in renal 
tissue, the kidneys have emerged as the principal organ 
of focus in research examining PD-induced damage (2,9). 
Experimental investigations indicate that PD exposure in-
duces kidney damage and nephrotoxicity by excessive gen-
eration of ROS, activation of inflammatory responses, and 
stimulation of apoptotic pathways (10-12). 

Excessive ROS production from PD undermines cellular an-
tioxidant defense mechanisms, resulting in oxidative stress 
and initiating lipid peroxidation, protein oxidation, and DNA 
damage (6,13). It has also been reported that PD-induced 
ROS production and the resulting oxidative stress trigger 
the activation of inflammatory signaling pathways such as 
nuclear factor kappa B (NF-κB (12)); this, in turn, can con-
tribute to the exacerbation of the inflammatory response by 
causing an increase in the expression of various pro-inflam-

matory cytokines, primarily tumor necrosis factor-α (TNF-α) 
(2,14). Moreover, NF-κB-mediated inflammatory activation 
is documented to correlate with elevated expression of 
pro-apoptotic proteins (Bax) and to initiate the apoptotic 
process (15,16). Therefore, the interaction between oxida-
tive stress, NF-κB-mediated inflammation, and apoptosis 
plays a critical role in understanding the molecular mecha-
nisms of PD-related nephrotoxicity.

Kidney diseases are among the foremost global health is-
sues; thus, research into the production of natural nephro-
protective medicines is becoming increasingly significant 
(1,17). Eucalyptol, or 1,8-cineol (CN), is a saturated mono-
terpene derived from the essential oils of several plants, in-
cluding eucalyptus, bay leaf, camphor, wormwood, sweet 
basil, rosemary, tea tree, and tansy (18-20). This monoter-
pene is recognized for a high safety profile (21) and has 
been approved for human use by the United States Food 
and Drug Administration (FDA) in areas including cosmet-
ics, aromatherapy, dentistry, and flavoring (19). A number of 
investigations have demonstrated that the pharmacological 
benefits of CN principally arise from its capacity to suppress 
oxidative stress, inflammation, and apoptosis (18,20,22,23). 
Moreover, it is asserted that CN’s antioxidant and anti-in-
flammatory properties are mediated by the modulation of 
NF-κB signaling pathways (18,22).

Although studies evaluating the effects of 1,8-cineol on 
nephrotoxicity caused by various agents exist today, no 
studies investigating its potential effects against PD-in-
duced kidney toxicity, which is the focus of our research, 
have been found. In this context, the present study aimed 
to evaluate the nephroprotective potential of 1,8-cineol 
in PD-induced nephrotoxicity through biochemical, histo-
pathological, and immunohistochemical analyses.

MATERIAL and METHODS

Chemicals

Potassium dichromate (K2Cr2O7, ≥99.5% purity, P5271) 
was acquired from Sigma-Aldrich (Darmstadt, Germany), 
and 1,8-cineole (>98% purity, 470-82-6) was obtained from 
Tokyo Chemical Industry Co. Ltd., Japan.

Highlights
•	 Potassium dichromate induced nephrotoxicity in rat kidney tissue.
•	 1,8-Cineole significantly reduced oxidative stress markers in renal tissue.
•	 1,8-Cineole suppressed nuclear factor kappa B (NF-κB) and tumor necrosis factor-alpha (TNF-α) mediated 

inflammatory responses.
•	 Bax expression and apoptotic activity were reduced by 1,8-cineole treatment.
•	 1,8-Cineole improved histopathological alterations in PD-induced renal damage.
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Ethical Approval and Animal Supply

In this investigation, 40 male Wistar Albino rats, each 
weighing approximately 200-220 g, were acquired from 
the Experimental Medicine and Application unit of Karabük 
University. All research protocols, including the utilization 
of animals, received approval from the Karabük University 
Experimental Animal Use and Ethics Committee (Protocol 
No: 2025/10/33). The animals were provided ad libitum 
access to normal rat chow under artificial lighting (12-hour 
dark/light cycle), adequate ventilation, a mean temperature 
of 21 ± 1 °C, and relative humidity of 50-60%, while housed 
in clean standard cages with unrestricted access to water.

Experimental Design

The animals were randomly allocated into five groups (n=8), 
and all rats participating in the study were weighed on the 
initial day of the trial using a precision balance, with their 
live weights documented.

1) Control Group: Rats in this group received isotonic sa-
line solution via gavage for a duration of 28 days, commenc-
ing on the initial day of the study.

2) Vehicle Group: Rats in this group received 1 ml of physi-
ological saline containing 2% Tween 80 via gavage for a du-
ration of 28 days, commencing on the initial day of the study.

3) Potassium Dichromate (PD) Group: Rats in this group 
received potassium dichromate (15 mg/kg) dissolved in iso-
tonic saline solution via gavage daily for 28 days (24).

4) 1,8 Cineol (CN) Group: Rats in this group received 1,8 
Cineol (200 mg/kg) in 1 ml of physiological saline with 2% 
Tween 80 via gavage daily for 28 days (23). 

5) PD+CN Group: Rats in this group received potassium 
dichromate (15 mg/kg) dissolved in isotonic saline solution 
via gavage once daily for 28 days, followed one hour later 
by 1 ml of physiological saline containing 2% Tween 80 and 
1,8-cineole (200 mg/kg). 

Collecting Tissue Samples 

Upon completion of the final procedures, the rats in all 
groups were weighed, and their life weights were docu-
mented. Rats were euthanized via cervical dislocation while 
under anesthesia with ketamine (80 mg/kg) and xylazine (8 
mg/kg). Kidney tissue specimens were extracted from the 
euthanized animals. Certain kidney tissue samples were 
rinsed with saline to assess biochemical parameters and 
subsequently stored at -80 °C till measurement of the bio-
chemical parameters was conducted. The residual kidney 
tissue samples were immersed in a 10% formalin solution 
and fixed for 48 hours. Upon concluding the fixation process, 
the tissues were subjected to a 24-hour wash with running 
tap water, subsequently dehydrated in ascending concen-
trations of alcohol (70%, 80%, 96%, 100%), cleaned with xy-

lene, and embedded in paraffin. Serial slices measuring 5-6 
μm were obtained from paraffin blocks utilizing a microtome 
and subsequently placed onto Poly L-lysine-coated slides 
for light microscopy and immunohistochemical analyses.

Biochemical Analysis

Kidney tissue samples were homogenized in phosphate 
buffer at 12,000 rpm on ice for 1-2 minutes using an IKA 
Ultra Turrax T 25 basic (IKA Labortechnik, Staufen, Ger-
many). MDA levels were quantified in the homogenate, and 
the residual homogenate was subjected to centrifugation at 
3000 rpm at +4 °C for 20 minutes to isolate the supernatant. 
All additional biochemical studies were conducted on the 
acquired supernatant. The MDA analysis was conducted 
following the methodology outlined by Altınoz et al. (25). 
The fundamental premise of the approach involves measur-
ing the absorbance of the pink hue produced from the inter-
action between MDA and thiobarbituric acid (TBA) at 535 
nm. N-butanol served as a blank, whereas tetramethoxy-
propane functioned as a standard. Results were quantified 
as nanomoles per gram of wet tissue.

The GSH level was assessed using the method outlined by 
Keelo et al. (26). The fundamental premise of the approach 
involves quantifying the absorbance of the green-yel-
low hue produced from the interaction between GSH and 
5,5′-dithiobis(2-nitrobenzoic acid) (DTNB) at 412 nm. Dis-
tilled water served as a blank, and the results were reported 
as nanomoles per gram of wet tissue.

The measurement of SOD activity was conducted utilizing 
the methodology described by Ozturk et al. (27). The fun-
damental principle of the method relies on the generation 
of superoxide radicals through the xanthine-xanthine oxi-
dase reaction, followed by the formation of a purple-blue 
product via the reduction of nitroblue tetrazolium (NBT) by 
the superoxide radicals. The absorbance of the resultant 
formazan at 560 nm is utilized to quantify SOD activity. The 
SOD activity was quantified in U/g of protein.

The measurement of CAT activity was conducted using the 
methodology described by Ozturk et al. (27). The fundamen-
tal principle of the method is that the decomposition of H2O2 
in the H2O2-phosphate buffer, facilitated by the CAT enzyme 
in the supernatant, results in a reduction in absorbance at 
240 nm. The recorded decrease in absorbance was moni-
tored over a duration of 1 minute to assess enzyme activity. 
CAT activity was quantified as K per gram of protein. 

In addition, NF-κB (Catalog No: E0287Ra) and TNF-α (Cat-
alog No: E0764Ra) concentrations were assessed using an 
ELISA kit.

Histopathological Analysis 

Kidney tissues were preserved in 10% formaldehyde for 48 
hours. The samples were subsequently rinsed overnight 
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with running tap water, dehydrated using a 50-100% etha-
nol series, and subjected to a xylene series. The specimens 
were subsequently embedded in paraffin. Serial slices of 5 
μm thickness were obtained from the paraffin blocks, and 
Masson trichrome staining was used to assess the general 
histological architecture. Picrosirius Red staining was con-
ducted to evaluate collagen deposition and interstitial fibrot-
ic alterations in the renal tissue. All sections were analyzed 
using a light microscope. The parameters evaluated for the 
severity of kidney damage were tubular degeneration and 
dilatation across 10 different areas per section, interstitial 
inflammatory cell infiltration, and alterations in the glomeruli. 
Kidney tissue damage was classified as none (0), mild (1), 
moderate (2), and severe (3). The maximal histopatholog-
ical damage score (MHDS) was 12. All sections were ana-
lyzed utilizing a Leica 2500 DM LED light microscope and 
LAS Analysis system (Leica, Germany).

Immunohistochemical Analysis

Immunohistochemical staining was conducted utilizing the 
streptavidin-biotin-peroxidase complex (sABC) technique 
with Bax antibody. Following deparaffinization of the sec-
tions via a xylene series, they were subjected to a decreas-
ing alcohol series (100-70%) and subsequently transferred 
to distilled water. For antigen retrieval, the sections im-
mersed in citrate buffer (Bio-Optica, 15-M103, pH 6) were 
subjected to boiling in a microwave oven (600 W) for 15 
minutes, after which hydrogen peroxide (0.3% H2O2) was 
applied to the sections and allowed to incubate for 20 min-
utes. Subsequent to the addition of protein blocks and a 
5-minute incubation, the sections were treated with anti-Bax 
primary antibody (Santa Cruz, 1/100 dilution) and incubated 
for 2 hours at +4˚C in a humid atmosphere. Subsequent to 
this stage, slices were incubated with a secondary antibody 
for 30 minutes, followed by a 30-minute incubation with 
a streptavidin horseradish peroxidase complex, and then 
treated with a substrate-chromogen (DAB; diaminobenzi-
dine) solution until a brown response was evident. Mayer’s 
hematoxylin stain was utilized on the sections as a nuclear 
stain, followed by a passage through an alcohol-xylene se-
ries and sealed with Entellan. All intermediate washes were 
conducted using phosphate-buffered saline (PBS). In accor-
dance with the kit protocol, cells exhibiting immunoreactivi-
ty to anti-Bax were subjected to semi-quantitative analysis 
using a Leica 2500 DM light microscope. In order to assess 
immunohistochemical staining, semi-quantitative H-scores 
were assessed by counting positively stained cells in five 
arbitrarily selected areas for each group (H-score: ∑Pi (i + 
1)) (Pi: the percentage of cells that are positively stained; i: 
the intensity of the staining) (27).

Statistical Analysis

Statistical data analysis was conducted utilizing IBM 
SPSS Statistics version 25.0 for Windows. The Kolmogor-

ov-Smirnov test was employed to ascertain if the data ex-
hibited a normal distribution (p>0.05). If the data exhibited 
a normal distribution, statistical analysis was conducted 
utilizing One-Way ANOVA, followed by the Tukey post hoc 
test for multiple comparisons. Results were expressed as 
mean ± standard deviation (Mean±SD), with a P<0.01 value 
deemed statistically significant.

RESULTS

Results of Average Body Weights

On the initial day of the experiment, no statistically sig-
nificant difference in average live weights was observed 
across the groups (Figure 1, p>0.05). On the 28th day, the 
measurement of live body weight indicated a statistically 
significant reduction in average live body weight in the PD 
group relative to the other experimental groups (Figure 1, 
p<0.01). The PD+CN group exhibited a statistically signifi-
cant increase in average live body weight compared to the 
PD group (Figure 1, p<0.01). No statistically significant dif-
ference in average live weights was observed among the 
control, vehicle, and CN groups (Figure 1, p>0.05).

Results of Biochemical Analysis

Results of oxidative stress markers in kidney tissue

Levels of MDA, GSH, CAT, and SOD, regarded as biochem-
ical markers of oxidative stress in kidney tissue, were as-
sessed. The evaluations indicated that GSH levels and the 
activities of CAT and SOD were statistically considerably 

Figure 1: Average live body weights on days 1 and 28 of the 
experiment. Data are expressed as the arithmetic mean ± SD 
(n = 8). a-b-c The superscripts explain the statistically significant 
difference (p<0.01). cPD compared with aControl, aVehicle, aCN, 
and bPD+CN (p<0.01), bPD+CN compared with aControl, aVe-
hicle, and aCN (p<0.01). ns Indicates no statistically significant 
difference between groups (p>0.05).
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Results of NF-κB and TNF-α levels in kidney tissue 

The analysis of NF-κB and TNF-α levels in kidney tissue 
revealed a statistically significant elevation in the PD group 
relative to all other groups (Figure 3, p<0.01). The PD+CN 
group had markedly reduced levels of NF-κB and TNF-α in 
comparison to the PD group (Figure 3, p<0.01). No statis-
tically significant difference was seen in NF-κB and TNF-α 
levels among the control, vehicle, and CN groups (Figure 
3, p>0.05).

reduced in the PD group relative to the other experimen-
tal groups, whereas MDA levels were markedly elevated in 
the PD group compared to the others (Figure 2, p<0.01). In 
the PD+CN group, levels of GSH and activity of CAT and 
SOD were elevated relative to the PD group, whereas MDA 
levels considerably decreased (Figure 2, p<0.01). The CN 
group exhibited the greatest levels of GSH and activities of 
SOD and CAT across all experimental groups, with statisti-
cally significant differences noted in comparison to the PD 
and PD+CN groups (Figure 2, p<0.01). No statistically sig-
nificant differences were detected in MDA levels among the 
control, carrier, and CN groups; likewise, GSH levels and 
CAT and SOD activities showed no statistically significant 
differences between the control and vehicle groups (Figure 
2, p>0.05).

Figure 2: Results of MDA and GSH levels and CAT and SOD activities in kidney tissue. Data are expressed as the arithmetic mean 
± SD (n = 8). a-b-c The superscripts explain the statistically significant difference (p<0.01): MDA; aPD compared with cControl, cVehi-
cle, cCN, and bPD+CN (p<0.01), bPD+CN compared with cControl, cVehicle, and cCN (p<0.01). GSH and SOD; dPD compared with 
bControl, bVehicle, aCN, and cPD+CN (p<0.01), cPD+CN compared with bControl, bVehicle, and aCN (p<0.01), aCN compared with 
bControl, and bVehicle (p<0.01). CAT; dPD compared with bControl, abVehicle, aCN, and cPD+CN (p<0.01), cPD+CN compared with 
bControl, abVehicle, and aCN (p<0.01), aCN compared with bControl (p<0.01).
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mal, and no major histological alterations were noted (Fig-
ure 4). The PD group exhibited notable histological alter-
ations in comparison to the other groups. The alterations 
encompassed significant tubular dilatation, degradation of 
tubular epithelium, cytoplasmic vacuolization, extensive in-
terstitial inflammatory cell infiltration, and glomerular degen-
eration (Figure 4). Moreover, there was a notable expan-
sion of the interstitial spaces and a disruption of the regular 
tubular architecture. In the PD+CN group, renal morphology 
was comparatively maintained in contrast to the PD group. 
In this cohort, tubular degradation and dilation were less ev-
ident, interstitial inflammatory cell infiltration was less, and 
glomerular structures were maintained in comparison to the 
PD group (Figure 4).

Picrosirius red staining indicated normal collagen fiber den-
sity in the perivascular and periglomerular areas, with no 
interstitial fibrosis observed in the control, vehicle, and CN 
groups (Figure 4). Conversely, the PD group exhibited a 
dense accumulation of collagen fibers surrounding the di-
lated tubules and infiltrating the interstitial spaces relative 
to the control groups; this indicates that fibrotic alterations 
occur in kidney tissue due to PD exposure (Figure 4). In 
the treatment group where PD and CN were administered 
concurrently (PD+CN), collagen buildup was markedly di-
minished, suggesting that CN administration exerts a pro-
tective effect against PD-induced fibrotic alterations in the 
kidney (Figure 4).

Table 1 presents the histopathological damage scores in 
renal tissue across the groups. The damage score in the 
PD group was markedly elevated relative to the Control, Ve-

Histopathological Findings 

Masson’s Trichrome and Picro Sirius Red staining 
results

Light microscopy of Masson’s trichrome-stained sections 
demonstrated normal histological architecture in the glom-
eruli and tubular structures of the control, vehicle, and CN 
groups. The interstitial gaps in these groups appeared nor-

Figure 3: Results of NF-κB and TNF-α levels in kidney tissue. 
Data are expressed as the arithmetic mean ± SD (n = 8). a-b-c 
The superscripts explain the statistically significant difference 
(p<0.01). aPD compared with cControl, cVehicle, cCN, and bP-
D+CN (p<0.01), bPD+CN compared with cControl, cVehicle, and 
cCN (p<0.01). 

Figure 4: Images of Masson’s Trichrome and Picro Sirius Red stained sections of the kidney tissue. The upper panels display 
Masson’s trichrome staining (scale bar: 100 µm), revealing that the control, vehicle, and CN groups exhibit kidney architecture with 
typical glomerular and tubular structures. In the PD group, notable histological alterations were identified, comprising tubular dilata-
tion (asterisk), tubular degeneration and cytoplasmic vacuolization (red arrows), degenerative modifications in the glomeruli (black 
arrow), and extensive interstitial inflammatory cell infiltration (arrowhead).In the PD+CN group, tubular architecture was compara-
tively maintained, and tubular degenerative alterations were less relative to the PD group. Picro Sirius Red staining is depicted in 
the lower panels, with a scale bar of 100 µm.In the PD group, collagen accumulation in interstitial spaces is indicated (black arrows), 
whereas collagen deposition is diminished in the PD+CN groups.
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in H-scores among these groups (Table 2, p>0.05). The PD 
group had a considerable increase in Bax expression, indi-
cated by pronounced cytoplasmic staining in renal tubular 
epithelial cells (Figure 5), with H-score values significantly 
elevated compared to the other groups (Table 2, p<0.01). 
In the PD+CN group, Bax immunoreactivity exhibited 
mild-to-moderate staining (Figure 5), with H-score values 
considerably lower than those in the PD group (Table 2, 
p<0.01).

hicle, and CN groups (p<0.01). The damage score in the 
PD+CN group was statistically substantially lower than that 
in the PD group (p<0.01).

Results of Immunohistochemistry Staining 

Immunohistochemical investigations revealed that Bax im-
munoreactivity in the tubular epithelial cells of the Control, 
Vehicle, and CN groups displayed only mild cytoplasmic 
staining (Figure 5). No substantial difference was observed 

Table 1: The mean histopathological kidney damage score 
(MHDS) of all groups. Data are expressed as the arithmetic 
mean ± SD (n = 8). 

Groups Kidney Tissue MHDS 
Control 1.19±0.41c

Vehicle 1.40±0.32c

PD 8.00±0.84a

CN 1.29±0.33c

PD+CN 4.21±0.46b

MHDS: mean histopathological damage score. a-b-c The super-
scripts explain the statistically significant difference (p<0.01). aPD 
compared with cControl, cVehicle, cCN, and bPD+CN (p<0.01), bP-
D+CN compared with cControl, cVehicle, and cCN (p<0.01).

Table 2: The H-Scores of Bax immunoreactivity. Data are ex-
pressed as the arithmetic mean ± SD (n = 8).  

Groups Bax H-Scores
Control 34.50±5.71c

Vehicle 38.13±6.47c

PD 166.63±11.72a

CN 37.38±5.80c

PD+CN 98.25±10.28b

a-b-c The superscripts explain the statistically significant difference: 
aPD compared with cControl, cVehicle, cCN, and bPD+CN (p<0.01), 
bPD+CN compared with cControl, cVehicle, and cCN (p<0.01).

Figure 5: Images of Bax 
immunohistochemistry staining in 
kidney tissue. Arrowhead: Shows 
Bax immunoreactivity in renal 
tubules. Scale bar: 100 µm.
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well as SOD and CAT activities. Our assessments indicat-
ed that the administration of 15 mg/kg PD to rats over 28 
days elevated oxidative stress in renal tissue, leading to a 
notable increase in MDA levels (a byproduct of lipid per-
oxidation) relative to other groups, and a reduction in the 
average body weight of PD group rats by the conclusion 
of the experiment. Moreover, PD exposure in rats result-
ed in the failure of the antioxidant defense system in renal 
tissue, with substantial reductions in both enzymatic (SOD 
and CAT) and non-enzymatic (GSH) antioxidant levels. In 
accordance with prior research, our histological assess-
ments revealed pronounced tubular dilatation, degradation 
of tubular epithelium, extensive interstitial inflammatory cell 
infiltration, and substantial fibrotic alterations in the renal 
tissue of the PD group rats.

Oxidative stress, along with inflammatory response and 
apoptosis, is among the key mechanisms involved in the 
development of PD-induced nephrotoxicity (4,41). TNF-α 
is recognized as a crucial cytokine in the initiation of the 
inflammatory response (2), while NF-κB is identified as 
the primary inflammatory transcription factor that governs 
the expression of this and other related pro-inflammatory 
cytokines (23,41,42). Moreover, NF-κB is regarded as an 
intracellular sensor of oxidative stress (43). Studies have 
shown that oxidative stress resulting from PD exposure 
triggers NF-κB activation, which in turn increases the ex-
pression of several pro-inflammatory cytokines, particularly 
TNF-α, contributing to the development of an inflammatory 
response (2,4,41,43). Moreover, it has been reported that 
the activation of NF-κB-mediated inflammatory signaling 
pathways can induce cellular apoptosis mechanisms and 
contribute to the progression of cellular damage by increas-
ing the expression of pro-apoptotic proteins, such as Bax 
(43,44). Indeed, Karhib et al. reported that rats exposed to 
PD showed a significant increase in NF-κB levels in kid-
ney tissue, along with increased levels of Bax and TNF-α 
(15). Therefore, in our current study, we decided to mea-
sure NF-κB, TNF-α, and Bax levels to determine the level of 
pro-apoptosis and inflammation in rats exposed to PD. The 
results of our investigation align with the aforementioned 
mechanism, revealing a substantial elevation in NF-κB 
and TNF-α levels in the kidney tissue of rats administered 
PD. Moreover, our immunohistochemistry consideration re-
vealed an elevation in Bax expression within the renal tis-
sue of rats in the PD group.

Given this information, it is crucial to formulate strategies 
for managing oxidative stress, inflammation, and apopto-
sis, as well as regulating biochemical and histopathological 
alterations in kidney tissue through the use of an effective 
therapeutic agent to combat PD-induced nephrotoxicity.

Medicinal plants provide a durable therapeutic strategy 
against chemical toxins. CN, referred to as eucalyptol or 

DISCUSSION

PD is a toxic Cr(VI) compound regarded as a major pollut-
ant concerning environmental and occupational exposure, 
and is extensively utilized in numerous industrial processes 
(28). PD is known to readily infiltrate the human body via 
inhalation, ingestion, and dermal contact (29), leading to 
significant toxicities in both people and animals, including 
hepatotoxicity, nephrotoxicity, pulmonary toxicity, and car-
diotoxicity (30-33). 

Numerous studies on exposure to Cr(VI) compounds in 
humans and experimental animals have revealed that the 
kidney, as the primary Cr excretory organ, is an essential 
target organ (34), and that exposure to this chemical in-
duces nephrotoxicity (10,35,36). Furthermore, numerous 
investigations have demonstrated that ROS generation, ox-
idative stress, apoptosis, and inflammation play important 
roles in the pathophysiology of PD-induced nephrotoxicity 
(1,17,37). In this respect, our current study examined the 
oxidative stress, inflammation, and apoptotic axis induced 
by PD exposure using biochemical, histological, and immu-
nohistochemical methods.

Oxidative stress is linked to a variety of degenerative disor-
ders, including kidney damage (17), and it has been deter-
mined that elevated oxidative stress inhibits the body’s an-
tioxidant defense system (especially SOD, GSH, and CAT) 
(26) and causes lipid peroxidation (high MDA levels) (17,38). 
A study investigating the nephroprotective properties of 
Echinacea purpurea against PD-induced nephrotoxicity in 
rats indicated that PD exposure diminished levels of GSH, 
SOD, and CAT, and significant histopathological alterations, 
including cortical tubular and epithelial degeneration as well 
as atrophic glomeruli, were noted in the kidney cortex (15). 
Another research investigation examining the potential pro-
tective effects of simvastatin against Cr(VI)-induced nephro-
toxicity concluded that Cr(VI) exposure markedly elevated 
MDA levels, reduced GSH levels, and resulted in severe 
histopathological alterations, notably cortical tubular necro-
sis (39). In Sprague Dawley rats, the administration of PD 
through drinking water at several concentrations (0, 30, 100, 
and 300 mg/L) over a duration of 4 weeks was observed to 
elevate MDA levels in a dose-dependent manner and con-
currently reduce live body weight in rats by the conclusion 
of the fourth week (40). A study determining the protective 
effect of ferulic acid against Cr(VI)-induced nephrotoxicity 
revealed that a 10-day exposure to 15 mg/kg body weight 
of Cr(VI) disrupted redox balance, elevated MDA levels, sig-
nificantly reduced GSH and CAT activities, and resulted in 
tubular damage and glomerular dysfunction (41). 

In our present investigation, we aimed to evaluate oxidative 
stress in rats by examining the nephrotoxicity of PD expo-
sure through the measurement of MDA and GSH levels, as 
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inflammation, and oxidative stress in PD-induced nephro-
toxicity.

A limitation of the present study is that apoptosis was eval-
uated only through Bax immunoreactivity. Although the as-
sessment of Bcl-2 expression and the Bax/Bcl-2 ratio could 
have provided a more comprehensive evaluation of apop-
totic pathways, these analyses were beyond the scope of 
the current study and should be addressed in future inves-
tigations.

Conclusion

This study examined the protective effects of CN treatment 
on renal tissue in a PD-induced nephrotoxicity model. The 
biochemical, histopathological, and immunohistochemical 
results demonstrated that PD exposure induces oxidative 
stress, inflammation, and apoptosis processes in renal 
tissue, resulting in substantial damage. Conversely, the 
antioxidant defense system was bolstered, inflammatory 
markers and Bax expression were suppressed, and the 
histopathological damage observed in renal tissue was sig-
nificantly reduced by CN treatment. These findings indicate 
that CN has the potential to serve as a nephroprotective 
agent against PD-induced nephrotoxicity by modulating 
apoptotic processes, inflammation, and oxidative stress. 
Nevertheless, additional experimental and clinical research 
is required to elucidate the mechanisms that underlie the 
renal protective effects of CN in greater detail.
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