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Abstract. Nephrotoxicity is one of the most severe side effects caused by cisplatin, limiting its use
at high, effective concentrations. Dexamethasone, known for its strong anti-inflammatory and
immunomodulating properties, is often used to alleviate cisplatin-induced side effects. However,
dexamethasone also exhibits pro-oxidant properties and has been associated with morphological
impairments and acute kidney injury. Although the mechanisms of cisplatin-induced nephrotoxicity
are complex and involve numerous cellular processes, oxidative stress is widely accepted as the
primary cause of this pathology. This study aims to investigate how dexamethasone, despite having
effects similar to cisplatin, alleviates the side effects caused by this drug.

Methods. The study measured lipid peroxide product malondialdehyde (MDA) levels using the
thiobarbituric acid method and catalase activity using the molybdenum method. For histological
examination, 5-6 um thick tissue sections were prepared from samples processed with formalin and
fixed with paraffin. These sections were stained with hematoxylin-eosin and observed under a light
microscope.

Results. Cisplatin and dexamethasone independently increased MDA levels to varying
degrees. Cisplatin raised MDA by 75% in the homogenate and 38% in the supernatant, while
dexamethasone increased these levels by 41% and 25%, respectively. The combined use of
cisplatin and dexamethasone produced effects similar to those of dexamethasone alone. Catalase
activity decreased following exposure to cisplatin (36% in the supernatant and 14% in the nucleus)
and dexamethasone alone (33% in the supernatant and 24% in the nucleus). Combined use of the
drugs led to a similar reduction in catalase activity. Histological analysis revealed tissue damage,
supporting the pro-oxidant nature of both cisplatin and dexamethasone.

Conclusions. The findings indicate that both cisplatin and dexamethasone exhibit pro-oxidant
effects, as demonstrated by increased malondialdehyde levels, reduced catalase activity, and
histological evidence of tissue damage. The ability of dexamethasone to mitigate cisplatin-induced
side effects is likely attributable to a combination of its anti-inflammatory and immunomodulatory
properties, as well as a “preventive or restraining ” effect.

Key words: cisplatin, dexamethasone, malondialdehyde, catalase, nephrotoxicity, histological
changes.
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Okpewmi Ta KoMOiHOBaHI He()POTOKCHYHI e(PeKTH HUCILIATHHY
i IeKcaMeTa30Hy Yy CAaMOK IIypiB

IMixdakyasreTcbka HayKOBO-IOCIiIHA J1a00paTopis cTpyKTypHOI 6io(dizuku, HaykoBo-nocainHuii
IHCTHUTYT GioJorii, €EpeBaHCHKUI NepxKaBHUM YHiBepcHuTeT, €peBaH, Pecyomika BipMmeris

2JTaboparopis diziosnorii moauHu i TBapuH, HayKoBO-I0CIiIHMIA iHCTUTYT 6i0JIOTiI,
€peBaHCHKUI AepxXaBHUI yHiBepcuTeT, €peBaH, Pecrybiika BipmeHist

Pestome. Hegpomorcuunicmo € 00HUM i3 HaAUBaMcuux NoOMHUX epexmis, CNPUUUHEHUX UUCHAAMUHOM, WO
obmexncye 11020 BUKOPUCMAHHSA 6 ePeKMUBHUX KOHUeHmpayisx. JlekcamemasoH, 6idomuil c6oiMu CUAbHUMU NPOMU3A-
NAAbHUMU MA IMYHOMOOYAIOIOMUMU 8AACMUBOCHSIMU, HACMO BUKOPUCMOBYEMbCS 051 NOAecUeHHsl NODIYHUX eghekmig,
cnpuduHenux yucnaamunom. Ilpome dexcamemaszon maxoic nPos6Ase NPOOKCUOAHMHI 8AACIMUBOCME MA ACOUIIOBAHUTI
3 MOPGHOAOTUHUMU NOPYUIEHHAMU MA 20CMPUM YPANCCHHAM HUPOK. Xoua mexanizmu iHOYKOBAHOI YUCHAAMUHOM Hedpo-
MOKCUMHOCMI € CKAQOHUMU MA 8KAHUAIOMb YUCACHHI KAIMUHHI npoyecu, OKUCAIOBANbHULL CIMpec 8U3HAHUI OOHIEI0 3
OCHOBHUX npu4ur yiei namonoeii. Memoio ybo2o 00CAi0NCeHH OYA0 BUEUUMU OKPeMI Ma KOMOIHOBAHI He@POMOKCUYHI
ehexmu yucnaamumy i deKkcamemasony y camox uypis.

Memodu. Y docnidncernni uznauanu pieni manoHosoeo diaavdeeioy (MDA) npodykmy nepexucy ainidié 3a do-
noM02010 Memody miobapbimypoeoi Kuciomu ma aKmueHOCMi Kamanasu 3a 00nomMo20i0 moaiboenosoeo memody. s
2icmonoeiuHoeo d0CAiONCeHHs I3 3pasKia, 00podaeHux opmaninom i (ikcosanux napaginom, 2omysaiu 3pizu MKAHUH
mosuguroro 5-6 mxm. Li 3pizu papbysanu eemamorcunin-eo3unom i cnocmepieanu nio c8imao8um MikpoCKOnoM.

Pezynvmamu. IHucnaamurn i dexcamemason nHezanexcro niosuugyeanu pieni MIIA piznum cmynenem. Lucnaamun
nideuuiyease MIIA na 75% y eomoeenami ma na 38% y cynepnamanmi, modi sk dekcamemasoH nideuuyyeas yi pieui Ha
41% ma 25% eionogiono. Kombinosane 3acmocysants yuchaamutny ma 0eKcamemasony eUKAUKano egexmu, nooioui
do egexmis okpemoeo 3acmocysants dekcamemasony. AKmuenicmes Kamanasu 3HU3UAACS NICAS BNAUBY YUCHAGMUHY
(36% y cynepramanmi ma 14% y sdpi) ma dexcamemasony oxkpemo (33% y cynepnamanmi ma 24% y sopi). Cninvhe 3a-
CMOCY8aHHA NIKAPCLKUX 340016 NPU3600UA0 00 AHAN02IYHO20 3HUNCEHHS aKkmusHocmi Kkamanasu. Ticmonoeiunuil ananiz
BUABUE NOUKOOICCHHS. MKAHUH, W0 NIOMBEPONCYE NPOOKCUOAHMHY NPUPOOY SK YUCNAAMUHY, MAK | 0eKcamemasony.

Bucnosku. Ompumani pezysbsmamu 8xa3yroms Ha NPOOKCUOAHMHY Oii0 K YUCHAAMUHY, MAK [ 0eKCAMema3oHy,
npo wo ceiduums nideuuenns piens MIIA, 3HuxiceHHs aKmueHoCmi Kamanasu ma 2iCMoA02iMHI 03HAKU NOWKOONCEHHS
HUpK060i mKanun. 30amuicmo 0eKkcamemaszony oM SKulysamu nobiuHi epekmu, CRPUMUHEHT YUCHAAMUHOM, UMOBIDHO,
NOACHIOEMbCA NOEOHAHHAM 11020 NPOMUZANAALHUX MA IMYHOMOOYAIOIOUUX 8AACMUBOCHELL, A MAKONC <NPOPINAKMUYHOO
abo cmpumyeanvbHo20» egpexmy.

KimouoBi ciioBa: yucniamun, oexcamemason, maronoguii diarvoezio, Kamanasa, HepomoKcuHicms, 2icmono-
2IUHI 3MIHU.

Introduction. Cisplatin (cis-diamine dichloro cisplatin experience severe renal dysfunction, and ap-

platinum (II), CDDP) is a chemotherapeutic drug
widely used for the treatment of many solid tumors [1,
2]. However, the clinical application and efficacy of
cisplatin are highly limited due to its severe adverse ef-
fects, including nephrotoxicity [3, 4]. While cisplatin
induces various toxicities, such as neurotoxicity, hepa-
totoxicity, gastrointestinal toxicity, ototoxicity, and
allergic reactions, the most commonly reported and
dose-limiting side effect is nephrotoxicity [2, 3, 5]. It
is estimated that 20% of patients receiving high-dose

Nune Hakobyan:
nhakobyan@ysu.am

proximately one-third of patients develop kidney injury
within days of the initial treatment [3, 5].

Cisplatin accumulates in the proximal tubular re-
gion of the nephron, where its concentration in tubular
cells is higher than in the bloodstream [2, 3]. Addition-
ally, the mitochondria of proximal tubular epithelial
cells are major intracellular sites of cisplatin accumula-
tion [5, 6]. Although the mechanisms of cisplatin-in-
duced nephrotoxicity are complex and involve numer-
ous cellular processes, such as oxidative stress, apopto-
sis, and inflammation, oxidative stress (OS) is generally
considered the primary cause of this condition [5, 7].
Substantial evidence suggests that cisplatin-induced
nephrotoxicity is due to the stimulation of reactive oxy-
gen species (ROS) production, disruption of antioxi-
dant systems, and accumulation of lipid peroxidation
products in the kidney [3, 2, 5, 6]. The generation of
ROS by cisplatin is directly linked to its cytotoxicity [7,
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8]. Moreover, cisplatin negatively affects antioxidant
enzymes such as superoxide dismutase (SOD), gluta-
thione peroxidase, and catalase [5, 9]. Stimulation of
OS is considered an alternative mechanism of cisplatin
action [1, 2].

To alleviate the undesirable side effects caused
by cisplatin, dexamethasone is frequently adminis-
tered in high doses at various times before, during, and
after cisplatin treatment [10, 11]. In addition to its
role in reducing acute toxicity, glucocorticoids (GCs)
have been shown to prevent the late effects of cyto-
toxic therapy on normal tissues [10, 11]. Specifically,
dexamethasone is used as a concomitant agent for its
anti-inflammatory and immunoregulatory properties
[10, 11]. However, it has been established that dexa-
methasone exhibits pro-oxidant properties, stimulates
the formation of reactive oxygen species, and increas-
es the degree of lipid peroxidation [10, 12, 13]. Both
cisplatin and dexamethasone have also been shown to
induce morphological impairments in rat kidney cells
[3—5, 13].

Thus, both cisplatin and dexamethasone stimulate
the formation of reactive oxygen species, increase the
degree of lipid peroxidation, and induce morphologi-
cal changes in kidney cells, causing nephrotoxicity [7,
8, 10, 12, 13]. In light of the above, it is of interest to
investigate the lipid peroxidation levels, antioxidant
enzyme (catalase) activity, and histological changes in
kidney tissue resulting from the separate and combined
use of cisplatin and dexamethasone.

The aim of this study is to determine how dexa-
methasone, which exhibits effects similar to those of
cisplatin, alleviates the side effects caused by this drug.

Materials and methods. Animal care and design
of experiment. The study was performed on adult
Wistar albino female rats (120-150 g weight, 20 rats).
Experiments were conducted according to the “Inter-
national Recommendations on Carrying out of Bio-
medical Researches with Use of Animals” (CIOMS,
1985; 2016), to the “Human Rights and Biomedicine
the Oviedo Convention” (CE, 1997), to the European
Convention for the Protection of Vertebral Animals
Used for Experimental and Other Scientific Purposes
(CE, 2005), and were approved by the National Cen-
ter of Bioethics (Armenia). Animals were placed in a
controlled environment at a temperature of 25+2°C,
12-hour day and night cycle, fed commercial rat feed
ad-libitum, and given free access to water in the ani-
mal house of the faculty of biology at Yerevan State
University.

For a single injection of cisplatin and dexametha-
sone usually chosen doses near the intermediate doses
of these drugs. The doses we used (8 mg/kg for cispla-
tin and 4 mg/kg for dexamethasone) are consistent with
this principle. The dose of cisplatin was chosen accord-
ing to [15], and the dose of dexamethasone according
[16]. Cisplatin was purchased from Sigma Aldrich,
USA. Dexamethasone (dexamethasone phosphate) 4
mg/ml, solution for injection was purchased from Krka

Sl-Slovenia. 2-Thiobarbituric Acid (TBA) (75241)
(4,6-Dihydroxy-2-Mercaptopyrimidine, 4,6-Dihy-
droxypyrimidine-2-Thiol) SRL India.

The animals were divided into 4 groups, 5 rats in
each group. Group 1 (n=5) served as a control group of
animals without treatment. Animals in group 2 (n=5)
and group 4 (n=4) received a single dose of cisplatin
(8 mg/kg) by peritoneal injection and were decapitated
24 hours after administration. Group 3 (n=5) was treat-
ed with dexamethasone (4 mg/kg, peritoneal injection)
and decapitated 4 hours after administration. Animals
in group 4 (n=5) received the same single dose of dexa-
methasone within 20 hours after the cisplatin injection
(4 hours before decapitation). All animals were eutha-
nized by decapitation at an appropriate time following
inhalation ether anesthesia. Then, animals were sacri-
ficed, and the kidneys were extracted from each group
of animals and used for the isolation of nuclei and his-
topathological examination. Nuclear fraction from the
kidney was isolated by the method of Blobel and Potter
[17].

The malondialdehyde amount estimation. The
malondialdehyde (MDA) amount was estimated in
10% homogenate of rat kidney tissue and in superna-
tant that formed after the first centrifugation of 10 min
at 1000g of this homogenate (centrifuge Sigma 3-18K,
Germany) [18]. The assay was based on a condensa-
tion reaction of two molecules of thiobarbituric acid
with one molecule of MDA, in which the reaction rate
depends on temperature, pH value, and concentration
of thiobarbituric acid. The reaction mixture contains
30% trichloroacetic acid, 5 N HCI, 0,8% solution of
thiobarbituric acid, and an appropriately diluted bio-
logical sample of 1 ml each. After heating for 20 min in
a boiling water bath and after cooling, the solution was
centrifuged at 3000 rpm/min for 10 min and the pre-
cipitate obtained was removed [18]. The absorbance of
the pink supernatant was determined at 532nm against
a blank that contained all reagents without the biologi-
cal sample. The measurements were carried out with
the Chinese-made BK-UV 1800 Spectrophotometer
(Biobase China). The MDA concentration (in nmol/
mg protein) was calculated using the molar extinction
coefficient (g)-of MDA -1.56+10°M-1+cm! at 532
nm; and the appropriate formula [19].

Catalase enzyme activity assay. Catalase (EC
1.11.1.6) activity in supernatant that formed after the
first centrifugation of 10% homogenate and in the
nuclear fraction of rat kidney tissue was estimated by
method [20]. The method is based on the registra-
tion of the rate of H,0, degradation by the action of
catalase. The activity of catalase was determined by
measuring a decrease in the hydrogen peroxide (H,0,)
concentration at 410 nm. The method of defining
catalase activity was based on the development of a
stable blue-colored complex as a result of ammonium
molybdate reaction with H,O, and subsequent photo-
metric measurement of the recovered complex [20].
The enzyme activity was expressed in pmol H,0, /mg
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protein per min by the formula as described in [20].
The protein amount was determined by the spectro-
photometric method [21].

A _(Do_ DT)VI
Cr o Cv,elt

Where:

A, is the activity of catalase (umol/mg protein,
minute);

D, — is the optical density of the blank sample;

D — is the optical density of the Test sample;

V|, —is the volume of the reaction mixture (3.1 ml);

V, — is the volume of the homogenate (0.1 ml),

C — is the amount of protein in 0.1 ml (mg);

& — is the extinction coefficient of the substrate
H,0,, (0.02 mol.cm™!),

[ — is the thickness of the cuvette (1 cm),

t — is the time (10 minutes).

Histopathological examination. For histologi-
cal examination, the kidneys were removed and fixed
with a 10% formalin solution according to the proto-
col [22]. The fixed material was subjected to standard
histological processing. The tissue dehydration in in-
creasing concentrations of alcohol to remove water was
performed By Spin Tissue Processor STP-120(MYR,
Italy). For embedding tissue samples with paraffin
wax we use Tissue Embedding Center EC-500(MYR,
Italy). Further, about 5-6um thick paraffin sections
were cut with the semi-automatic precision microtome
CUT 5062 (SLEE Medical, Germany). The slides were
stained with hematoxylin-eosin [22]. Hematoxylin-
eosin (Hematoxylin, Sigma-Aldrich, Eosin, Sigma-Al-
drich, USA) stained samples were used to examine the
morphological alterations in rat kidneys. The stained
specimens were mounted with DPX and underwent
light microscopy using trinocular microscope B-293,
OptikamB5 Digital Camera M- 114(Italy). All captured
images were recorded via OptikaLiteview software with
magnifications x100 and x400.

Hematoxylin and Fosin Staining Procedure.
Deparaffinization and rehydration:

For deparaffinization and rehydration, it is nec-
essary to incubate the slides for 5 minutes in xylene
(2 times). Then transfer to 100% ethanol for 2 minutes
(2 times), after which you should move to 95% etha-
nol for 2 minutes (2 times) and rinse in distilled water.
Slides are ready for Hematoxylin Staining.

Hematoxylin Staining: For Hematoxylin Staining it
is necessary to immerse slides in Hansen’s Hematoxylin
for 5-10 minutes. Then Rinse in running tap water until
the blue color appears.

Rinsing and Differentiation: The washed slides
should be immersed in 1% hydrochloric acid in etha-
nol for 10-30 seconds and rinse immediately in run-
ning water until the blue color returns. Next, for Blu-
ing, soak in an alkaline solution (such as Scott’s Tap
Water Substitute) for 1 minute, then rinse in running
tap water.

Dehydration: For dehydration, the slide should be
kept in 95% ethanol for 1 minute, then transferred to
100% ethanol and kept for 1 minute.

Eosin Staining: For Eosin Staining, it is necessary
to dip the slides into the eosin solution and leave it for
1-2 minutes. After that, rinse in 95% ethanol for 30 sec-
onds, then in Eosin Y Solution for 1-2 minutes. Then
you have to implement dehydration and clearing.

Dehydration _and Clearing: For this purpose, the
slides should be immersed in 100% ethanol for 1 min-
ute and then immersed in xylene, leaving for 5 minutes
(2 times).

Mounting: Apply a few drops of mounting me-
dium (e.g., DPX) to the slide. Place a coverslip over
the tissue section.

Statistical analysis. All results were expressed as
Mean=SE from 5 independent experiments. Statisti-
cal analysis was performed using paired Student’s t-
test for grouped data, where P<0.05 was considered
statistically significant (P<0.05 indicates significant
differences compared with the control group). Statis-
tical comparisons between experimental groups were
performed using Statgraphics Centurion 19 Software
(Stagraphics Technologies, Inc., USA). Statistical
comparisons between all experimental groups were
tested by analysis of variance (ANOVA), and #P< 0.05
considered significant differences in the case of inter-
group comparison.

Results. The data presented in Table 1 show sig-
nificant changes in the concentration of MDA after
the treatment of rats with cisplatin and dexamethasone
alone, as well as after co-treatment with these drugs,
compared to baseline (Table 1). The results indicate
that the MDA level significantly increased in the kidney
homogenate of rats treated with cisplatin by approxi-
mately 75% (P<0.01) compared to the control group
[19].

Treatment with dexamethasone increased the
MDA level by about 41% (P<0.01). Co-injection of
cisplatin and dexamethasone also led to a statistically
significant increase in MDA levels by approximately
50.5% (P<0.02) compared to baseline (see Table 1).

As evidenced by the data, the MDA level in the
kidney homogenates of animals in all experimental
groups was, on average, about four times higher than in
the supernatants from the first centrifugation of these
homogenates (Table 1). Statistically significant chang-
es in MDA levels compared to the control group were
also observed in the supernatants obtained after the first
centrifugation of kidney homogenates from all experi-
mental groups. Specifically, cisplatin exposure led to a
38% increase in MDA levels (P<0.01) [19]. Similarly, a
separate injection of dexamethasone resulted in a 25%
increase in MDA levels in the supernatant compared to
baseline (P<0.01) (see Table 1). The combined use of
cisplatin and dexamethasone resulted in a 27% increase
in MDA levels (P<0.02) (see Table 1).

Statistically significant changes were also observed
in intergroup comparisons of the data. An increase in the
amount of MDA (by 16%, #P<0.05) was recorded in the
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kidney homogenates of rats treated with cisplatin alone
compared to the experimental group of animals receiving
a combined injection of cisplatin and dexamethasone
(see Table 1). Conversely, no statistically significant
difference was found when comparing the data from
the dexamethasone-alone group with the results from
the co-injected experimental group. Cisplatin increased

the amount of MDA by 24% (#P<0.05) compared
to dexamethasone, while dexamethasone decreased
the amount of MDA by 19% (#P<0.05) compared to
cisplatin alone (see Table 1). No statistically significant
changes in MDA levels were observed in intergroup
comparisons of results obtained from the supernatants
of all experimental groups.

Table 1
The amount of MDA in a 10% homogenate of kidney tissue and the supernatant from the first
centrifugation of this homogenate in all experimental groups [19]
Homogenate Supernatant
Experimental groups i i
P group: . MDA quantity . P-value _ MDA quantity ' P-value
(in nmol /mg protein) (in nmol /mg protein)
Group 1 (n=5) | Baseline without treatment t4.36 £0.10 *1.2620.071
Group 2 (n=5) | Cisplatin alone treatment +7.62 £0.33 <0.01 +1.74%0.070 <0.01
Group 3 (n=5) | Dexamethasone alone treatment 6.15 £0.28 <0.01 1.58+0.065 <0.01
Group 4 (n=5) | Cisplatin+Dexamethasone 6.56 £0.15 <0.02 1.60£0.057 <0.02

The next part of the investigation focuses on the
measurement of antioxidant enzyme catalase activity

in the supernatants from the first centrifugation of Table 2.

these homogenates and in the nuclear fractions from
all experimental groups. The data are presented in

Table 2
Catalase activity in supernatants of first centrifugation of kidney tissue homogenates
and nuclear fractions of rats from all experimental groups [23]
Supernatant Nuclear fraction
Experimental groups M /min., Pvalue M /min., P-value
mg protein mg protein

Group 1 n=5) | Baseline without treatment +t%553.27 £9.77 +4213.00£8.70
Group 2 (n=5) | Cisplatin alone treatment *t1354.15+9.66 <0.05 ++182.34% 6.35 <0.01
Group 3 (n=5) |Dexamethasone alone treatment 368.00 £11.16 <0.05 162.11+10.24 <0.02
Group 4 (n=5) | Cisplatin+Dexamethasone 467.00 £ 18.60 <0.01 187.00%+ 5.78 <0.02

The obtained results showed that cisplatin treat-
ment caused a significant decrease in catalase activity
in the supernatant fraction of kidney tissue by approxi-
mately 36% (P<0.05) compared to the baseline level. In
contrast, the decrease in the nuclear fraction was less
pronounced (approximately 14%; P<0.01) [23] (see
Table 2). In the case of dexamethasone alone, a reduc-
tion in catalase enzyme activity by 33.5% (P<0.05) in
the supernatant fraction of kidney tissue was observed
(Table 2). In the nuclear fraction, dexamethasone alone
caused a 24% reduction in catalase activity (P<0.02)
compared to the baseline level (see Table 2).

The combined injection of cisplatin and dexa-
methasone resulted in a 16% decrease in catalase en-
zyme activity (P<0.01) in the supernatant fraction of
kidney tissue compared to the baseline (see Table 2).
In the nuclear fraction, the combined treatment caused
a reduction in catalase activity by approximately 12%
(P<0.02) compared to the baseline.

Statistically significant changes in catalase enzyme
activity in the supernatant fraction were also observed
in intergroup comparisons. Cisplatin treatment alone
led to a 24% reduction in catalase activity (#P<0.05)
compared to the group receiving combined cisplatin
and dexamethasone treatment (see Table 2). A statisti-
cally significant reduction in catalase enzyme activity
(approximately 21%; #P<0.05) was also observed in the
dexamethasone-alone treatment group compared to the
combined treatment group (see Table 2). However, no
statistically significant differences were recorded when
comparing the cisplatin-alone and dexamethasone-
alone treatment groups.

Intergroup comparisons of the nuclear fraction
data also revealed statistically significant changes in
catalase activity (see Table 2). Dexamethasone alone
caused a 13% decrease in catalase activity (#P<0.05)
compared to the group receiving combined cispla-
tin and dexamethasone treatment (see Table 2). At
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the same time, the data for cisplatin treatment alone
showed no statistically significant differences compared
to the combined treatment group.

A statistically significant increase in catalase en-
zyme activity (by 12%; #P<0.05) was observed when
comparing the cisplatin-alone treatment group to the
dexamethasone-alone group. Conversely, dexametha-
sone treatment alone decreased catalase activity by 11%
(#P<0.05) compared to cisplatin-alone treatment (see
Table 2).

Kidney section from rats of control group - A

section from rats tr

i

The histological observation of the kidney tis-
sue of animals from the control group revealed normal
glomerular and tubular structures (Fig. 1-A; 1-4). The
kidneys of the normal group showed normal glomerular
podocytes (Fig. 1-A; 1-4). Histopathology examina-
tion of renal slices from rats treated with cisplatin alone
showed different alterations. (Fig. 1-B; 1-4).

Fig. 1. Photomicrograph of rat kidney section after the staining with hematoxylin-eosin. Photomicrograph of kidney
section of rats from the control group (A; 1-4), animals of the experimental group with cisplatin alone treatment (B; 1-4),
after dexamethasone injection (C; 1-4), after combined use of cisplatin and dexamethasone (D; 1-4).

100x - magnification:100x;

400x - magnification:400x.

Abbreviations: AF-amyloidal foci; NF-necrotic foci; PC-picnic cells; TV-tubular vacuolization; GH- hemorrhagance; DTV-distall
tubular vacuolization; LA- lymphocytes accumulation; GA- glomerular atrophy; PTV- proximal tubular vacuolization;
DTS- distal tubular swelling; TD-tubular dilatation.

In the kidneys of rats treated with cisplatin
alone, distinct regressive phenomena are found. Spe-
cifically, in the epithelium of the proximal and distal
tubules of the nephron, there is cytoplasmic vacuol-

ization of cells (Fig. 1-B; 1). Additionally, in certain
areas, the integrity of the tubule epithelium is com-
promised (Fig. 1-B; 1). The nuclei of most cells ex-
hibit abnormal morphology, with occasional pyknotic
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nuclei also present (Fig. 1-B; 2-4). Furthermore, ne-
crotic foci and amyloidosis are evident in the kidney
(Fig. 1-B; 2-4). In some segments of the Malpighian
coils of the nephron, hemorrhages occur, and the cells
show pyknosis, along with acute tubular necrosis. (Fig.
1-B; 2-4).

Dexamethasone alone injection also caused histo-
morphological alterations of kidney cells (Figure 1-C;
1-4). These changes are characterized by a narrowing
of the lumen in the distal tubules, likely attributed to
cellular swelling (Fig. 1-C; 1-4). This phenomenon
may be due to the effect of dexamethasone on water-
salt metabolism. Histological alterations are evident in
the epithelial cells of both the distal and proximal tu-
bules (Fig. 1-C; 3 and 4). Besides cytoplasmic vacuol-
ization (Fig. 1-C; 3 and 4) the presence of lymphocyte
accumulations in specific regions was also registered
(Fig. 1-C; 1, 2, and 4). Cytoplasmic vacuolization and
the presence of lymphocyte accumulations in specific
regions are likely associated with inflammatory foci
(Fig. 1-C; 2, and 4).

In the kidney of rats with dexamethasone and cis-
platin combined treatment simultaneously hematoxy-
lin and eosin (HE) staining showed severe pathologi-
cal kidney lesions including glomerular atrophy (Fig.
1-D; 1-4), degeneration and necrosis of renal tubular
epithelial cells (Fig. 1-D; 2,3,), amyloidosis is evident
[Fig. 1-D; 3].

All the observed phenomena undeniably point to
the nephrotoxic effects of dexamethasone and cispla-
tin. Furthermore, the retrograde changes are especially
pronounced during the alone injection of cisplatin.

Discussion. It is well known, that the primary tar-
gets of ROS are lipids, which undergo oxidation with
lipoperoxyl radicals and lipid hydroperoxide formation
upon interaction with oxidants [24]. In normal physi-
ological conditions, the presence of ROS is vital for the
normal functioning of cells [24]. Moreover, a certain
physiological amount of ROS is maintained by balancing
the processes of their generation and destruction, that is,
due to the oxidant/antioxidant balance. This imbalance
arises from either increased production of oxidants, de-
creased levels of antioxidants, or both [9, 24].

Cisplatin disrupts the oxidant/antioxidant balance
by inducing ROS formation, oxidative stress, and re-
ducing antioxidant levels [1, 2, 9]. Markers of oxidative
stress are usually classified as molecules that become
modified by interactions with ROS and as molecules
of the antioxidant system that become changed in re-
sponse to increased redox stress [25]. Currently, more
than 20 different markers of oxidative stress have been
identified, but still MDA is accepted as a marker of OS
and lipid peroxide oxidation (LPO) levels [25, 26]. The
amount of malondialdehyde expresses the intensity and
level of oxidative stress and the resulting lipid peroxida-
tion [24, 26]. Malondialdehyde, in turn, disrupts the
functions of various biomacromolecules by directly
binding to them or cross-linking them to each other
through Schiff bases [24, 26].

The amount of MDA in 10% homogenates of rat
kidney tissue after separate and combined exposure to
cisplatin and dexamethasone was determined. The re-
sults confirm that compared to the baseline statistically
significant changes in MDA quantity were revealed in
all experimental groups (Table 1). In fact, both cispla-
tin and dexamethasone when injected separately in-
crease the amount of MDA, thus stimulating both LPO
and OS. This is also evidenced by the data obtained by
different authors [7, 9, 12, 13]. However, it should
be noted that the pro-oxidant properties of cisplatin
are stronger compared to dexamethasone. This is evi-
denced not only by the changes in the amount of MDA
registered compared to the control (75% and 41% in the
homogenate, and 38% and 25% in the supernatant), but
also by the results of the intergroup comparison of the
data. The latter indicates a stronger effect of cisplatin
compared to dexamethasone, both in the homogenate
and in the supernatant.

The result of the joint action of these drugs is not
the arithmetic sum of the effects caused by their sepa-
rate use. Admittedly, co-injection also increased the
amount of MDA, but these data are close to the ef-
fect shown by dexamethasone. It allows us to speculate
about a certain antagonism between the cisplatin and
dexamethasone action. In case of combined use, dexa-
methasone acts as a buffering factor for cisplatin. This
is probably due to the predominance of anti-inflamma-
tory and immunomodulatory properties of dexametha-
sone, which contributes to the mitigation of unwanted
side effects of cisplatin by this hormone.

The pro-oxidant properties of cisplatin and dexa-
methasone are also evidenced by the changes in the
activity of the antioxidant enzyme catalase as a result
of the separate and combined effects of these drugs. In
the supernatant, cisplatin and dexamethasone reduced
catalase activity to an equal extent when applied sepa-
rately, while the effect of co-injection is smaller than
the data obtained when these drugs are used separately.
The same trend is observed in the nuclear fraction of
kidney cells (Table 2).

A reduction in catalase enzyme activity as a result
of both cisplatin and dexamethasone exposure has also
been reported by other researchers [9, 27]. The record-
ed results once again indicate activation of oxidative
stress and LPO processes in rat kidney cells by cisplatin
and dexamethasone. These processes are known to be
the main companions of kidney toxicity. Moreover, it
has been evidenced that OS and LPO products are the
main cause of nephrotoxicity. Although nephrotoxicity
is the result of a complex interaction of various factors,
it has been evidenced that OS and LPO products are the
main cause of nephrotoxicity [2, 28].

Nephrotoxicity is the most common and most seri-
ous of the unwanted side effects caused by cisplatin [5,
29]. This is due not only to the fact that any drug, in-
cluding cisplatin, is removed from the body through the
kidneys but also to the fact that cisplatin accumulates
the most in the kidneys [5, 6, 29]. The level of cisplatin
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in the proximal tubules of the kidney is almost five times
higher than in the serum. Due to this high cisplatin ac-
cumulation, the proximal tubular cells suffer significant
toxicity [5, 29]. In addition, cisplatin can also cause
harm to renal arteries and decrease the glomerular fil-
tration rate [5].

In order to visualize the nephrotoxic effect of ap-
plied drugs, histopathological studies were carried out.
The obtained results show that cisplatin and dexameth-
asone cause different histological changes in kidney
tissue (Figure 1-B-C). Cisplatin caused tubular vacuol-
ization, amyloid foci, necrotic foci, hemorrhaging, and
other degenerative changes. As a result of exposure to
cisplatin, similar changes were recorded also by other
authors, who noted that this drug injection partial shed-
ding of renal tubular epithelial cells, and caused vacuo-
lar degeneration, dilation of proximal tubules, desqua-
mation of tubular epithelium, and acute tubular necro-
sis, atrophy of glomerulus [7, 30, 31]. These changes
lead to cisplatin-induced renal dysfunction including
alterations in glomerular function [7, 30, 31].

Separate injection of dexamethasone also caused
histological changes, including atrophy of glomerulus,
lymphocyte accumulations, amyloid and necrotic foci,
etc. (Figure 1-B-C) [27, 32].

In fact, both cisplatin and dexamethasone com-
pared to the control group, where normal glomeruli
and tubular structures were observed, cause different
changes in kidney cells, which result in acute kidney
injury (AKI).

In the case of combined use these drugs caused the
histological injuries that manifested when they were
used separately. However, it should be noted that these
changes do not have the same strength and depth as in
the case of separate use of these drugs. Literature data
on the combined use of cisplatin and dexamethasone
were not found.

Changes in oxidative stress markers recorded as a
result of separate and combined exposure to cisplatin
and dexamethasone indicate the activation of free rad-
ical formation and lipid peroxidation processes. These
processes underlie cisplatin-induced side effects, es-
pecially nephrotoxicity [4, 6, 7, 14, 33]. Numerous
studies have demonstrated that cisplatin induces dam-
age to an array of renal components, encompassing the
vasculature, glomerular apparatus, and, most preva-
lently, the renal tubules [29-33]. Therefore, it can be
argued that the morphological changes in the kidney
tissue were recorded due to the OS effect induced by
the pro-oxidants we used. However, to understand the
concept of oxidative damage, several factors must be
investigated in order to have a clearer understanding
of these processes.

This study has several limitations. First, it was
conducted on a small sample size of female Wistar al-
bino rats, which may limit the generalizability of the
findings to other populations or species, including hu-
mans. Second, the study focused on specific biochem-
ical and histological markers, such as MDA levels and

catalase activity, without exploring other oxidative
stress markers or pathways that might contribute to
nephrotoxicity. Additionally, while the chosen doses
of cisplatin and dexamethasone were consistent with
existing literature, dose-response relationships and
long-term effects were not investigated. Finally, the
study did not include mechanistic evaluations at the
molecular level to elucidate the observed antagonis-
tic interactions between cisplatin and dexamethasone.
Future research could address these gaps by incorpo-
rating larger sample sizes, additional biomarkers, and
molecular analyses.

Conclusions. The observed alterations in MDA
levels, combined with the decreased catalase enzyme
activity, reaffirm the pro-oxidant nature of both cispla-
tin and dexamethasone. Notably, the oxidative effect of
cisplatin is significantly greater than that of dexametha-
sone when these drugs are administered separately.
However, during combined treatment, dexamethasone
appears to act as a buffering factor, partially mitigating
the oxidative effects of cisplatin.

Histological studies further demonstrate that while
both cisplatin and dexamethasone exhibit pro-oxidant
properties, they induce distinct histological changes in
kidney tissue when used independently. The nephro-
toxic injuries caused by each drug alone differ in na-
ture, yet in combined use, these injuries are noticeably
milder, likely due to the mitigating presence of dexa-
methasone.

These findings unequivocally highlight the neph-
rotoxic effects of both cisplatin and dexamethasone.
However, it is hypothesized that dexamethasone’s abil-
ity to alleviate the side effects of cisplatin may stem
from a combination of its anti-inflammatory and im-
munomodulatory properties, along with a «preventive
or restraining» effect on cisplatin-induced damage.
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