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Abstract: Cisplatin, a heavy metal complex, is one of the most active drugs
used in the treatment of several human malignancies. However, high-dose therapy with
cisplatin is limited by its cumulative nephrotoxicity.

The main objectives of this study were to determine the role of recombinant
human erythropoietin (Epoetin alfa) in the prevention of nephrotoxicity induced experi-
mentally in Wistar rats by long-term administration of cisplatin (2 mg/kg/b.w./week)
over eight weeks, and an evaluation of its effect on renal tubular cell proliferation. The
animals were randomly assigned into three groups, each including 25 rats. Group 1 (CP)
received only cisplatin (2 mg/kg/b.w./week), group 2 (CP+EPO) received cisplatin (2
mg/kg/b.w./week) and epoetin alfa (150 IE/kg/b.w./three times a week), and group 3
(control group) received only saline. During the study, the following tests for the asses-
sment of the renal function and renal damages were performed: determination of con-
centration of serum creatinine and BUN and determination of total protein quantity in
24-hour urine samples. At the end of the study, the abdomen was opened and both kid-
neys of the rats were removed and sent for histological and morphometric analysis. Ki-
67 was used as a tool to determine a proliferative index. The results obtained have
shown that epoetin alfa significantly reduced the functional renal failures and renal da-
mages, and increased toleration of high doses of cisplatin. At the same time, our results
with regard to tubular proliferative index have confirmed that one of the possible mec-
hanisms by which erythropoietin accomplishes its renoprotective effect is stimulation of
tubular cell proliferation and regeneration.
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Introduction

Cisplatin, a heavy metal complex, is one of the most active drugs used
in the treatment of several human malignancies. The relatively moderate degree
of haematologic toxicity associated with cisplatin makes it an ideal candidate to
use in combination with agents whose primary dose-limiting toxicity is bone-
marrow suppression [1]. Cisplatin-based combination chemotherapy regimens
are currently used as front-line therapy in the treatment of testicular cancer, ova-
rian germ cell tumours, epithelial ovarian cancer, head and neck cancer, advan-
ced cervical cancer, bladder cancer, mesothelioma, endometrial cancer, non-
small cell lung cancer, malignant melanoma, carcinoids, penile cancer, adreno-
corticol carcinoma and carcinoma of unknown primary [2]. Cisplatin-based che-
motherapy is used with radiation therapy in the treatment of oesophageal can-
cer, localized cervical cancer and head and neck cancer [3]. It is used as
consolidation therapy for many types of solid tumors that have failed standard
treatment regimens. The therapeutic effects of cisplatin are significantly impro-
ved by dose escalation. However, high-dose therapy with cisplatin is limited by
its cumulative nephrotoxicity [4]. The nephrotoxicity of cisplatin is specific to
the proximal tubule cells. The mechanism by which cisplatin kills the proximal
tubule cells in the kidney has been the focus of intense investigation for many
years. In tumours and other dividing cells, cisplatin-DNA crosslinks are thought
to be the cytotoxic lesion [5]. Nonproliferating cells are less sensitive to the
toxicity of DNA-damaging agents, yet the quiescent proximal tubule cells are
selectively killed by cisplatin. High concentrations of cisplatin induce necrotic
cell death in confluent monolayers of proximal tubule cell, whereas lower con-
centrations of cisplatin may induce apoptosis through a caspase-9-dependent
pathway [6, 7].

Due to the cumulative nature of cisplatin nephrotoxicity, initial therapy
is commonly limited to six cycles at doses of 75 to 100 mg/m?, despite the fact
that the patient may benefit from additional courses of treatment. Additionally,
the relative permanence of the cumulative toxicities prohibit retreatment with
cisplatin following disease recurrence, notwithstanding the proven potential of
retained drug efficacy [8].

Its dose-limiting toxicities have spurred the development of the non-
nephrotoxic derivative carboplatin and other platinum-based drugs. However,
cisplatin is still the drug of choice in many platinum-based therapy regimens,
and remains one of the most commonly used chemotherapy drugs.

In oncological practice, hydration protocols were developed to reduce
the cumulative nephrotoxicity of cisplatin [9]. However, even with vigilant hy-
dratation, approximately one-third of patients treated with cisplatin have ele-
vation of blood urea nitrogen levels or other evidence of kidney damage in the
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days following cisplatin treatment [10]. In recent years newer therapeutic
strategies are being investigated aimed at minimizing cisplatin-induced nephro-
toxicity while enhancing its antineoplastic efficacy. Such strategies may include
inhibition of pathways leading to activation of cisplatin to a nephrotoxin, use of
antioxidants to counter the ravages of reactive oxygen molecules, target inhibi-
tion of apoptotic mechanism activated by cisplatin specifically in kidney cells,
uses of citoprotective agents that can protect normal cells, but not tumour cells,
from cisplatin, and uses of agents that enhance cell proliferation and different-
tiation.

For more than 30 years, the kidney has been known to be the primary
site of erythropoietin production. Erythropoietin is a growth hormone whose
effect may not be limited to bone-marrow progenitor cells. In vitro, recombinant
human erythropoietin stimulates endothelial cells proliferation [11].

Previously, Vaziri et al. [12] suggested the potential effect of erythro-
poietin in enhancing the recovery after cisplatin induced acute tubular necrosis.

Aim

The main objectives of this study were to determine the role of epoetin
alfa in prevention of nephrotoxicity induced experimentally in Wistar rats by
long-term administration of cisplatin at a dose of 2 mg/kg/b.w./weekly for 8
weeks and to evaluate its effect on renal tubular cell proliferation.

Material and methods

Drugs: The following drugs were used in this study: Cisplatin (CP) —
Bristol Myers Squib and Epoetin alfa (EPO) (Cilag AG).

Experimental animals: 75 male normotensive Wistar rats were used,
aged 9-11 weeks, with body weight from 200 to 330 g. The rats were bred in
the stall of the Preclinical and Clinical Pharmacology with Toxicology Institute.

Experimental protocols: to meet the objectives of this study, the rats
were divided into 3 groups, each one containing 25 animals.

In order to evaluate the nephrotoxic effect of long-term cisplatin admi-
nistration, the first group was injected with cisplatin intraperitoneally at a dose
of 2 mg/kg/b.w./weekly for 8 weeks (CP-group). For evaluation of epoetin alfa
effects on preventing nephrotoxicity induced by cisplatin, in the second group
(EPO-group), epoetin alfa (150 IE/kg/b.w./3 times a week s.c.) was initiated
concomitantly with cisplatin treatment (at the same dose as in the previous
protocol). The third group was a control group, and these animals were given
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saline in the same gquantities and at the same time intervals as the groups of
animals that received the examined drugs.

Measurements and analyses:

Functional tests: during the study, the following tests for assessment of
the renal function in the examined animals were performed: biochemical
analysis of the blood, that included determination of serum creatinine and urea
concentrations, as well as determination of the quantity of total urinary proteins
in 24-hour urine samples. These tests were performed prior to the beginning of
the study (0-day), and after 2, 4, 6 and 8 weeks from the beginning of the study.
In order to determine the level of creatinine and urea in serum, blood was taken
by venepuncture from the orbital sinus of the rats under light ether anesthesia.
Blood samples of 400 ul were taken for serum separation (200 ul). Metabolic
cages were used for collecting 24-hour urine samples for determination of total
urinary protein quantity.

Body weight: body weight of the examined animals was monitored
throughout the entire study. It was measured once a week, prior to each
application of cisplatin.

Histological examination and renal histology

At the end of the study, under general anesthesia induced by intraperi-
toneal injection of thiobarbitol the abdomen was opened and both kidneys were
removed. They were promptly bisected and fixed in 10% buffered formalin and
then embedded in paraffin; sections were cutat 4-6 pm and stained with haema-
oxylin and eosin, PAS, silvermethenamine Jones and trichrome Masson.

A pathologist carried out a semiquantitative analysis of the kidney sec-
tions in a blinded fashion. Glomeruli and vessels were normal. Changes obser-
ved were limited to the tubules and interstitium, especially to the proximal
straight S3 portion, the main site of cisplatin toxicity. Tubulo-interstitial lesions
were graded as follows: 0 = no damage; 1 = area of tubular epithelial cell swell-
ling, vacuolization, necrosis, desquamation less than 50%; 2 = lesion areas gre-
ater than 50% with or without focal involvement of the S3 segment in the me-
dullar rays and moderate interstitial fibrosis; 3 = lesion areas 100% with diffuse
involvement of the medullar rays and apoptosis in the tubular compartment.

Immuno-histochemistry

Ki-67 (clone Mib-1) is a monoclonal antibody expressed in the nucleus
strongly during all active phases of the cell cycle. Therefore, Ki-67 is used as a
tool to determine a proliferative index. Immunostaining for Ki-67 was perfor-
med using the LSAB immunoperoxidase procedure (Dako, Denmark). Briefly,
kidney sections were cut at 4 um, mounted on silanized slides, and treated for 5
min in a microwave oven in a citrate buffer (pH = 6.0). Then, sections were
incubated for 5 min with a blocking reagent to reduce non-specific background
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staining, followed by incubation for 1h at room temperature with the specific
antibody (Ki-67, Dako, Denmark), diluted in PBS (1 : 400). After a 10-min rinse
in PBS, sections were incubated for 10 min at room temperature with a biotiny-
lated secondary antibody, followed by the avidin/biotin/peroxidase complex and
then revealed by 3,3' diaminobenzidine. The sections were counterstained with
haematoxylin and mounted in Entelan (Merck, Germany). Negative controls
were obtained by replacing specific antiserum with normal non-immune sera; no
labelling was observed, indicating that the entire procedure and all reagents used
resulted in a specific labelling. For Ki-67, lymph node specimens were used as
positive controls.

Control sections of representative tissues were prepared by substitution
of the primary antibody with dilutions of normal mouse serum or omission of
the primary antibody. Morphometry was used to count the nuclei positive for
Ki-67.

The results from morphometric analysis of the tissue samples from the
analysed group stained for Ki-67 are expressed as a mean of the number of cells
with positive nuclei per 1 high power field (x 400 HPF) from 10 analyzed HPF.

Statistics: All data were expressed as mean + SD. To test more than two
groups, Kruskal-Wallis variance analysis was used, followed by a Mann-Whit-
ney U-test to determine which groups were significantly different. A p-value
less than 0.05 was considered as statistically significant.

Results

Out of the total number of 75 rats included in the study (25 in each
group) three rats died during the study, and they all belonged to the group that
received only cisplatin (CP). In the remaining two groups of rats (CP+EPO and
the control group) none of the animals died.

Body weight

One of the characteristics of the animals that were given only cisplatin
(CP-group) was the progressive reduction of their body weight during the entire
study. At the end of the study, after 8 weeks, the body weight in this group of
animals was reduced by 8% (p < 0.05) as compared to the basal values. In the
group of animals who received epoetin alfa in addition to cisplatin (CP+EPO
group), there was neither stagnation in growth nor body weight reduction; on
the contrary, there was an evident continual increase of body weight along with
a relatively good general condition during the entire study. At the end, there was
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an increase of the body weight by 15.01% in this group of rats in comparison to
the basal values, which was significantly different (p < 0.05) than in the CP-
group (Figure 1).
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Weeks
Control 230.56 242.78 245.56 248.33 262.78
CP 232.22 235.56 229.09 218.18 213.64
CP+EPO 222 233.5 238 250 255.33

Figure 1 — Body weight values in rats during the study

Cauka 1 — BpeOrnocitiu Ha ilieaecHa fledUHa Kaj cilaopyuitie 80 WeKoil
Ha ucuuulysarbeuio

Serum creatinine and BUN

Serum creatinine and BUN concentrations in the rats were used as
routine parameters for assessment of the renal function.

Administration of cisplatin at a weekly dose of 2 mg/kg/b.w. caused an
increase of serum creatinine and BUN levels after 4 weeks, when the mean va-
lues of these parameters reached 64.75 + 8.88 umol/L (creatinine), and 10.04 +
1.53 mmol/L (BUN), which were significantly higher (p < 0.05) than in the cont-
rol group (creatinine = 38.55 + 2.68 umol/L; BUN = 7.58 + 1.39 mmol/L) and
the basal values. At the end of the study, the values of these two routine para-
meters used for assessment of the renal function were even more increased: 95.0
+ 23.15 umol/L (creatinine) and 24.26 + 10.72 mmol/L (BUN) (Table 1).

Pretreatment with epoetin alfa as a result of its nephroprotective charac-
teristics has shown to be efficient in the prevention of the clinically significant
increase of the values of these two parameters. Only at the end of the treatment,
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after administration of the total cumulative dose of cisplatin (16 mg/kg/b.w.),
was there a significant (p < 0.05) increase of these values in comparison to the
basal ones (creatinine: 43.07 + 10.44 umol/L; BUN: 11.15 + 3.05 mmol/L) and
to the control group (Table 1).

Table 1 —TaGena 1

Serum concentration of creatinine and BUN
Cepymcku KoHUeHIpayuy Ha KpeailuKuH U ypea

Serum creatinine (umol/L) | BUN (mmol/L)
Weeks of the treatment Weeks of the treatment
0 2 4 6 8 | o 2 4 6 8

Control

Mean 38.75 38.05 3855 3750 36.50 |895 7.82 7.58 8.09 8.28
sSD 243 282 268 2.19 3.20 |0.86 155 1.39 1.42 1.15
CP

Mean 39.00 41.00 64.75*° 86.46*° 95.00*°|8.78 7.08 10.04*° 22.10*° 24.26*°
SD 211 372 8.88 26.80 23.15 |1.45 1.42 153 10.32 10.72
CP+EPO

Mean 37.67 39.09 36.85 38.92 43.07*|8.74 7.16 6.94 955 11.15*
SD 277 151 6.63 5.90 10.33 |1.30 147 1.17 2.52 3.05

*p < 0.05 vs. control group
° p <0.05 vs. EPO group

Total urinary proteins

Proteinuria (determination of total proteins in urine) was used as a
specific parameter for assessment of the renal damage in the examined animals.
Cisplatin in the CP-group produced a marked proteinuria with significantly (p <
0.05) increased values of total urinary proteins for 24 hours after 4 weeks (12.0
+ 2.03 mg/24 h). This was even more obvious after 6 weeks and after 8 weeks,
when the values of total urinary proteins for 24 hours were almost twice as high
as the basal values (p < 0.01) (18.45 + 3.21 mg/24 h) (Figure 2).

Epoetin alfa has proved to be effective with reference to this parameter
as it was regarding the others, too, thus preventing severe proteinuria in the rats.
A mild significant (p < 0.05) increase of the total values of urinary proteins was
registered only by the end of the study when the mean values were 12.54 + 2.01
mg/24 h, but they were significantly lower (p < 0.05) in comparison to the
group who received cisplatin alone (Figure 2).
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Total proteins in urine (mg/24 h)

254

O Control

mCP

o CP+EPO
Control 8.3 7.86 8.61 8.03 7.75
CP 9.29 9.61 12 16.24 18.45
CP+EPO 8.18 8.67 8.97 10.52 12.54

*p < 0.05 vs. control group
° p <0.05 vs. CP+EPO group

Figure 2 — Total urinary proteins for 24 hours
Cauka 2 — Bkyiinu iipoitieunu 80 ypuHa 3a 24 waca

Histological examinations

CP-group: at the end of the study, histological examination with a light
microscope of the rat kidneys that had received cisplatin alone revealed signs of
subacute and chronic renal damage characteristic of the long-term use of cisp-
latin. These changes were mainly localized in the cortico-medullar region that is
in the tubular compartment and to a lesser degree in the interstitium, whereas
there were no significant deviations in the glomeruli.

Changes in the tubular compartment were expressed to a greater extent
in the proximal tubules and to a lesser degree in the distal tubules. Pathohisto-
logical findings of the tubules included: a moderate to severe degree of tubule
dilation, signs of increased intratubular pressure, apparent vacuolization of the
tubular epithelium, presence of protein deposites, necrotic cells, degenerative
changes of the tubules, cystic dilation with flattening of the epithelium and spo-
radic presence of apoptotic cells (Figure 3).

There were signs of chronic renal damage in the interstitium, including di-
lated interstitium, interstitial fibrosis with increased collagenous fibers (Figure 4).

CP+EPO-group: contrary to the CP-group, in the rats from the
CP+EPO-group who in addition to cisplatin preventively received erythropoei-
tin during the study, histological examinations of the kidneys, especially of the
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tubular compartment, showed no significant renal failure architecture. Light
microcopy detected the presence of mildly expressed vacuolization of the tu-
bules, and sporadic presence of a flattened epithelium with rare foci and polyp-
loid nuclei (Figure 5). Mild residual fibrosis, distinct proliferation and dominant
regeneration were noticed in the interstitium (Figure 6).

Figure 3 — Histological changes in the Figure 4 — Histological changes in the
tubular compartment (x 400 PAS) (CP) Interstitium (x 200 Trichrom Masson) (CP)
Caura 3 — Xucitionowku upomeHu Cauxa 4 — Xucitionowku tipomeHu

80 WYOYAAPHUOTL KOMUAPIIMAH 680 UHULEP CLUULUY MOTIL
(x 400 PAS) (CP) (= 200 Trichrom Masson) (CP)

A characteristic feature of the histological finding for this group of animals
was the presence of signs of distinct proliferation and dominant regeneration.

Figure 5 — Histological changes in the tubu-  Figure 6 — Histological changes in the inter-
lar compartment (x 200 H.E) (CP+EPO) stitium (< 400 Silver. Jones) (CP+EPO)

Cauka 5 — Xuciioaowku ipomeHu Cauka 6 — Xuciionowku upomenu
80 WYOYAAPHUOUL KOMUAPIUMAH 80 UHULepCIUULUYM
(% 200 H.E) (CP+EPO) (= 400 Silver. Jones) (CP+EPO)
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Tubulo-interstitial score

The results obtained from the tubulo-interstitial score displayed signifi-
cant differences (p < 0.05) between the examined groups of animals. The worst
tubulo-interstitial score was found in the CP-group of rats. It was 2.36 + 0.56
and was significantly higher than that in the control group (0.3 + 0.47). This
score demonstrated moderate to severe renal damage in this group of animals.
In the CP+EPO-group of rats, although the tubulo-interstitial score was worse
than in the control group, it was significantly lower than that determined in the
CP-group (0.85 + 0.745) yielding moderate renal damages (Table 2).

Table 2 — Tabena 2

Tubulo-interstitial score
Tybyao-unitiepciiuyujaser cKkop

Tubulo-interstitial score

Control CP CP+EPO
Mean 0.3 2.3 0.85
SD 0.470 0.571 0.745
Min 0 1 0
Max 1 3 2

*p < 0.05 vs. control group
° p <0.05vs. EPO group

Tubular proliferative index

The results of the morphometric analysis of the tubular proliferative in-
dex (Ki-67) showed significant differences (p < 0.05) between the groups of
animals examined. The highest proliferative index was registered in the CP+EPO-
group of rats (4.06 £ 1.638) and it was significantly higher (p < 0.05) in compari-
son both to the control group (1.5 + 0.503) and to the CP-group of rats (0.5 +
0.674). In the CP-group of rats, the tubular proliferative index was not only
significantly lower compared to the CP+EPO-group, but it was also significantly
lower than the control group (p < 0.05). These values of the tubular proliferative
index presented distinct proliferation and regeneration in the CP+EPO-group of
rats and inhibited proliferation in the CP-group (Table 3, Figure 7 and 8).
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Table 3-Tabena 3

Tubular proliferative index
Tybyaaper tipoaugepaitiuger UHOeKC

Proliferative index

Control CP EPO
Mean 15 0.5 4,01
SD 0.503 0.674 1.487
Min 1 0 2
Max 2 2 8

*p < 0.05 vs. control group
°p <0.05vs. EPO group

o e N e N, Y

Figure 7 — Tubular proliferation (CP) Figure 8 — Tubular proliferation
Cauka 7 — TybyaapHa iipoaugpepavuja (CP+EPO)
(CP) Cauka 8 — Tybyaapha iipoaugpepavuja
(CP+EPO)

Discussion

The results obtained confirm the cumulative nephrotoxicity of cisplatin.
Administration of cisplatin at a dose of 2 mg/kg/b.w./weekly resulted in mode-
rate or severe functional kidney abnormalities in all the animals in this group.
The changes were obvious and significant in comparison with the basal values
and the control group 4 weeks after the initiation of cisplatin administration, af-
ter administration of a total cumulative dose of 8 mg/kg/b.w. This nephrotoxi-
city was also reflected in the general condition of the animals examined, mani-
fested in growth stagnation, body weight loss and reduced motor activity in the
animals examined. In the further course of the investigation, by increasing the
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total cumulative dose of cisplatin, the symptoms of nephrotoxicity and general
poor condition were even more expressed in the CP-group, which pointed to the
cumulative character of cisplatin nephrotoxicity. At the end of the investigation,
as a result of the toxic effect of cisplatin, 3 out of 25 rats died (12%).

On the other hand, in the second group animals who received epoetin
alfa (CP+EPOQ) in addition to cisplatin, although symptoms and signs of nephro-
toxicity were not completely prevented, they were significantly less expressed
in comparison to the CP-group. Only in 4 out of 25 rats, were mild to moderate
functional kidney abnormalities found. As a result of the well-known effects of
epoetin alfa on anaemia, growth and increase of oxygenic capacity, there was no
stagnation in the growth nor was there body weight loss. It should be especially
pointed out that none of the animals from this group died during the study,
showing their increased tolerance to high doses of cisplatin.

The nephroprotective effects of epoetin alfa were unequivocally confir-
med by pathohistological examinations of the rats’ kidneys at the end of the
investigation. Signs of subacute and chronic kidney damage were evident in the
group of rats that received cisplatin. These changes were predominantly located
in the tubular compartment and mainly in the proximal tubules (distinct vacuo-
lezation of the tubular epithelium, cystic dilatation with flattening of the epithe-
lium, presence of protein deposits, degenerative changes, necrotic cells, apop-
totic cells) and, to a lesser degree, in the interstitium (fibrosis and collagenosis),
whereas there were no clear significant damages in the glomeruli. On the con-
trary, in the group of rats that were given erythropoietin as prevention concomi-
tantly with the cisplatin given during the study, pathohistological analysis of the
kidneys, particularly of the tubular compartment, showed no significant renal
architecture failure. At this level of light microscopy, the only registered chan-
ges were the sporadic presence of a flattened epithelium with rare foci with the
presence of polyploid nuclei with mild vacuolization, a manifest proliferation
and dominant regeneration.

The findings of several in vivo experimental studies have clearly shown
that erythropoietin stimulates tubular cell regeneration and accelerates recovery
from acute renal insufficiency.

Vaziri et al. [12] has shown that erythropoietin can enhance the reco-
very from acute tubular necrosis induced by cisplatin. Later Bagnis et al. [13]
conducted a study with rats, in which an acute renal insufficiency was induced
by a single dose of cisplatin (6 mg/kg) and found that erythropoietin enhanced
the recovery, but at the same time significantly increased the tubular cell rege-
neration. Vesey DA et al. [14] demonstrated that erythropoietin had renal pro-
tective effects in in vitro and in vivo models of ischaemic acute renal insuffi-
ciency. Erythropoeitn increased tubular epithelial regeneration and stimulated
the recovery of renal function in conditions of hypoxic or ischaemic acute renal
insufficiency.
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One of the main objectives of this study was an assessment of erythro-
poietin’s effects on proliferation of endothelial cells in the tubular compartment
during long-term administration of cisplatin. The results obtained in this study
concerning the examination of proliferative index by quantifying the prolife-
rative index with immunohistochemical detection of Ki 67 (Mib-1) have shown
that erythropoietin significantly increases proliferation and regeneration in com-
parison with the rats that were not given erythropoietin.

These results have undoubtedly proved that eryhtropoetin, although not
completely, to a large extent reduces cisplatin-induced nephrotoxicity and has
an extremely favourable effect on the general condition of the animals. Our re-
sults are in agreement with recent investigations, demonstrating that epoetin alfa
has an important role not only in therapeutic aims for the correction of different
types of anaemia, but it can also be efficient as a neuroprotective drug [15] (par-
ticularly in peripheral cisplatin-induced neurotoxicity), hepatoprotective [16],
cardioprotective [17] and particularly as a nephroprotective drug in nephrotoxi-
city induced by platinum-based drugs.

The nephroprotective effects of erythropoietin (epoetin alfa), have not
been completely elucidated. There are several hypotheses that suggest various
possible mechanisms for the nephroprotective effects of erythropoietin. It is
known that erythropoietin is a cytokine which specifically regulates the differ-
rentiation and proliferation of erythroid progenitor cells. The proliferating ef-
fects of erythropoietin have also been documented in other cell types, such as
endothelial cells [10]. This proliferating effect of erythropoietin is most pro-
bably due to the fact that endothelial cells also possess erythropoietin receptors
[11, 12]. Recent data have suggested that tubular and mesengial cells express
authentic Epo-receptor mRNA [13] — advocating erythropoietin to be a reno-
tropic cytokine.

The influence of erythropoietin on cell proliferation may be considered
as one of the many possible mechanisms of the effect of erythropoietin in preven-
ting cisplatin-induced nephrotoxicity. This is particularly important when larger
doses are used when cisplatin manifests its cytotoxic effect, inducing more se-
rious changes in the proximal tubules. Erythropoietin, with its stimulating effect
on the differentiation, proliferation and regeneration of tubular epithelial cells,
may have a favourable influence on this type of nephrotoxicity.

One of the alternative hypotheses that explain the favourable effect of
erythropoietin on renal damage includes also its haemodynamic effects, alt-
hough they have not been clearly demonstrated. Literature reports have shown
that erythropoietin increases the nephron glomerular filtration of cortical nep-
hrons, without increasing the total filtration rate [21].

On the other hand, the registered anti-apoptotic effect of erythropoietin
on bone marrow, that is its stimulating effect on bcl-2, which is for now the
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only identified intracellular inhibitor of apoptosis, makes it a very interesting
and attractive drug to be used in other indications, too. The anti-apoptotic effect
of erythropoietin might be useful for the inhibition of apoptosis in other body
tissues and organs, especially in the prevention of drug toxicity in which the
mechanism of toxicity apoptosis has an important influence. Being aware of the
mechanism of the nephrotoxic effect of cisplatin, which it is assumed is due, to
a high degree, to the induction of apoptosis during its chronic administration, a
logical assumption is that eryhtropoetin could be effective in preventing nep-
hrotoxicity by inhibition of cisplatin-induced apoptosis, as well.

Conclusion

The results obtained in this study have confirmed the cumulative nep-
hrotoxicity of cisplatin. Cisplatin administration at a total cumulative dose of 16
mg/kg/b.w. for 8 weeks in a group of rats that received only cisplatin resulted in
moderate or severe functional renal failure and pathohistological findings chara-
cteristic of subacute and chronic renal damage, predominantly located in the
tubular compartment.

Erythropoietin (epoetin alfa), although not completely, to a large extent
prevented nephrotoxicity induced by long-term cisplatin administration. Ery-
thropoietin significantly reduced functional renal failures and renal damage, and
increased tolerance to high doses of cisplatin.

At the same time, our results with regard to the tubular proliferative
index have confirmed that one of the possible mechanisms by which erythro-
poietin accomplishes its renoprotective effect is stimulation of tubular cell pro-
liferation and regeneration.
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Pe3zume

EPUTPOIIOETUHOT JA HAMAJTYBA KYMYJIATHUBHATA
HE®POTOKCUYHOCT HA IIUCIIIATHUH U JA 3TOJIEMYBA
TYBYJAPHATA KIIETOYHA IMPOJIM®EPAIINJA

3agmpos [1.,' [lerpymescka I.,” ukone A.,* Tpojauanen J.,' Tagagescku H.,'
Kocrosa E.,! Jakosckn K.,! Aranacoscka E.,' Ilerpos C.'

! Unciuuityit 3a ipeitikAuHUMKA U KAUHUYKA PaApMaKonozuja
co mokcukxoaozuja, Croiije, P. MaxeooHuja
’Uncinuitiyit 3a ilaitionozuja, Meouyuncku gaxyaitieiti, Cxoiije, P. Maxedonuja
‘Kaunuxa 3a negpponozuja, Meouvyuncku gpaxyaitieit, Croiije, P. Maxedonuja

LlucnaTHOT € KOMIUIEKC Ha TEXKOK MeTall M € €[eH Off HajaKTHBHUTE
JIEKOBU KOM C€ KOpHUCTaT BO TPETMAaHOT Ha TojieM Opoj XyMaHH MaJlurHu 3a00y-
Bamha. MefyToa, BUCOKOIO3HATa Tepalnuja co UUCIUIATHH € OTpaHuYeHa Off HeTo-
BaTa KyMyJaTHBHA HE(PPOTOKCUIHOCT.

I'maBHU nmenu Ha oBaa CTyguja Gea fa ce YTBpAHU e(eKTOT Ha pekoMOu-
HAaHTHHUOT XyMaH €PUTPOINOCTHH (ET0eTHH aja) BO IpeBeHINjaTa Ha HE(PPOTOK-
CUYHOCT €KCIepUMEHTATHO WHAynupaHa Kaj Wistar craopum co monrorpajHa aj-
MUHHCTpanyuja Ha nucmiatud (2 mg/kg/t.t./Henena) BO TEKOT Ha OCYM HEMIeNH U Jia
ce MpoIeHn HeroBMOT edekT Ha OyOpeskHaTa TyOysjapHa KieTodHa mposmdepa-
muja. Co paHgoMm3anyja XUBOTHUTE Oea MOMENICHN BO TPH TPYIH, BO CeKoja 1o
25 craopiu. I'pymata 1 (CP) mpumarne camo nucriatus (2 mg/kg/t.t./aemena), rpy-
nata 2 (CP+EPQO) npumarme mucnumatun (2 mg/kg/t.t./menena) n enoetun andga (150
IE/kg/t.t./ Tpu maTu HemesnHO), a rpymnara 3 (KOHTPOJIHATA IpyIa) IMpUMalie caMmo
¢pusnonomku pactBop. Bo TekoT Ha crymmjaTa 3a mpoleHa Ha OyGpeskHaTa
(pyskumja 1 6yOpekHUTE OIITeTyBama Oea CIHPOBEICHHU CICAHUTE HCHUTYBamba:
ofpenyBamke Ha KOHICHTpanyjaTa Ha KPEaTHHUH U ypea BO CEPYM U OfipelyBambe
Ha BKYIIHATa KOJWYMHA HA MPOTEMHU BO mpumeporm oy 24 dacoBHa ypuHa. Ha
KpajoT Off UCIUTYBaWkETO, aOOMEHOT Ha cTaopuuTe Gelre OTBOpeH U ABaTa 0yo-
pera 6ea OTCTpaHETH U MPATEHU 3a XMCTOJIOIIKA U MOpoMeTprcKa ananu3a. Ki—
67 Gellle KOPHUCTEH 3a OfipelyBarhe Ha MPONU(PEPATUBHAOT HHCKC.

[lobuennTte pe3ynTaTtu Off OBaa CTyAMja MOKaXKyBaaT jieKa ermoeTuH anda
CUTHU(PUKAHTHO T'M yOnaxkyBa (PyHKIMOHAJIHUTE OyOpe>KHU HapyllyBama u OyO-
PEXXHUTE OIITETYBama, 3rOJIEMYBajKH ja TONEepaGUIHOCTa KOH NMOBHCOKH JIO3U Ha
[UCTUIATHH.
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HcroBpemeHo, fOGMEHNTE PE3YITaTH BO OHOC Ha TyOYJIApHUOT MPOJH-
(pepaTuBeH MHIEKC MOTBpAYBaaT AeKa efleH Off MOXHUTEe MEeXaHN3MH IPeKy Koj
€PUTPOIOETUHOT I'0 OCTBApyBa CBOETO PEHONPOTEKTHBHO JI€jCTBO € CTUMYAlja
Ha TyOyJapHaTa KJeTO4YHa ponudepanyja u pereHepanyja.

KJIy‘lHI/I 360[)0]3]/1: €PpUTPONOETHUH, TUCIUIATHUH, He(l)pOTOKCI/I‘{HOCT, cTaopiu.
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	Abstract: Cisplatin, a heavy metal complex, is one of the most active drugs used in the treatment of several human malignancies. However, high-dose therapy with cisplatin is limited by its cumulative nephrotoxicity. 

