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Abstract

Doxorubicin (DXR) is used against the cancer but it has some adverse effects (gonadotoxicity, cardiotoxicity and nephrotoxicity). We aimed to
determine the effect of DXR toxicity on reproduction and whether Darbepoetin (DP) and Ramipril (RAM) treatments play a protective role against this
toxicity in male rats. Herein, adult male Sprague-Dawley rats (n=34) were divided randomly into five groups, as control (Group |; n=7, no medication)
and four treatment groups (Il to V). DXR was administered to all treatment groups (DXR, 2.5 mg/kg/w i.v. for 3 weeks) and they were Group Il (DXR,
n=6), Group Ill (n=7, DP 10 pg/kg/w i.p. for three weeks), Group IV (n=7, RAM 1 mg/kg/d p.o. for four weeks), and Group V (n=7, DP+RAM). Rats in all
groups were sacrificed after four weeks of treatment. Spermatological parameters along with histopathological images and malondialdehyde levels
of testicular tissue were evaluated. Weights of body, testicles, cauda epididymis and male accessory glands in DXR-treated groups were significantly
different (P<0.05) from the control group. DXR toxicity adversely altered all the sperm parameters. But, DP plus RAM treatment in Group V improved
the DXR-depressed motility and viable sperm rate. Sperm concentrations significantly decreased (P<0.05) in DXR-treated groups as compared to
control group. In Group Il and V, the increase in total abnormal sperm rate caused by the DXR injections was prevented. In conclusion, this study
indicated that weekly DXR injections in adult rats depressed all the epididymal sperm parameters. Co-treatment by DP and RAM protected the
sperm cells against the toxicity due to the DXR administration while single usages of the DP or RAM provided partial improvements.
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Eritropoietin Hormonu ve ACE inhibitorii, Eriskin Erkek Sicanlarin
Sperm Parametrelerini Doxorubicin Toksisitesine Karsi Korur

Ozet

Kanser tedavisinde kullanilan Doxorubicin’in (DXR), kardiyotoksik ve nefrotoksik yan etkileri ile birlikte gonadotoksik 6zelligi de bulunmaktadir. Bu
calismada, yetiskin erkek Sprague-Dawley sicanlardaki sperm parametreleri tizerine DXR'nin toksik etkisi ile Darbepoetin (DP) ve Ramipril (RAM)
tedavisinin bu toksikasyonu onleyici bir rolinlin olup olmadigi arastirildi. Yetiskin 34 adet erkek Sprague-Dawley sicanlar rastgele 5 gruba ayrildi.
Kontrol grubunda bulunan sicanlarda (Grup I; n=7) hicbir ila¢ kullanilmadi. Tim tedavi gruplarinda bulunan sicanlara DXR uygulamasi (DXR, 2.5
mg/kg/hafta i.v. 3 hafta, n=27) yapildi ve bu gruplar Grup Il (DXR, n=6), Grup Il (DP 10 pg/kg/hafta i.p. 3 hafta, n=7), Grup IV (RAM 1 mg/kg/gln
p.o. 4 hafta, n=7) ve Grup V'ten (DP+RAM, n=7) olustu. Dort haftalik deneysel ¢alisma sonrasinda tiim sicanlara 6tenazi uygulandi. Spermatolojik
parametrelerle birlikte histopatolojik muayene ve testikiiler dokulardaki malondialdehit (MDA) diizeyleri incelendi. DXR uygulanan gruplardaki
olclilen viicut, testis, kauda epididimis ve erkek eklenti bezlerinin agirliklari ile kontrol grubu parametreleri arasinda 6nemli fark gézlendi (P<0.05).
DXR toksisitesi tim sperm parametrelerini olumsuz yonde etkiledi. Grup V'teki DP+RAM tedavisi, DXR'nin motilite ve canli sperm orani lizerine
yaptigi toksik etkiyi onledi. Kontrol grubuna kiyasla, DXR uygulanan gruplardaki sperm yogunlugu 6nemli derecede (P<0.05) dusuktd. Grup Il ve
V'te, DXR enjeksiyonuna bagli total anormal sperm oranindaki artis 6nlendi. Sonug olarak; bu ¢alismada haftalik DXR enjeksiyonlarinin yetiskin
sicanlarda tiim epididimal sperm parametrelerini olumsuz yonde etkiledigi belirlendi. Birlikte kullanilan DP ve RAM tedavisi sperm hiicresini DXR
uygulamasina bagli olusan toksisiteye karsi korurken, DP ve RAM'In tek basina kismi iyilesme sagladi.

Anahtar sozciikler: Doxorubicin toksisitesi, Eritropoietin hormonu, ACE inhibitérd, Sican spermi
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INTRODUCTION

Doxorubicin (DXR), obtained from Streptomyces peucetius
in 1970s, is an anthracycline antibiotic and used in cancer
chemotherapy 2. It inhibits the cancer cells and un-
desirably induces apoptosis in healthy cells, causing organ
failures in heart, kidney, intestine, hair follicle, ovarium and
testes B4, Gonadotoxic effects of DXR disturb the spermato-
genesis in testes leading to changes adversely affecting
the male fertility ™. Lipid peroxidation and oxidative
stress result in malondialdehyde (MDA) production 2,

Erythropoietin (EPO) is a hormone required for pro-
liferation, survival and differentiation of erythroid stem
cells . The EPO receptors (EPO-R) are found in many
organs of both genders "% It has potential roles other than
haematopoiesis and treatment of anaemia since the EPO
and EPO-R are located in the tissues of brain, spinal
cord, heart, gastrointestinal tract, lung, testes and leydig
cells "3 A new long-acting EPO analogue darbepoetin
alpha (DP), stimulating erythropoiesis by the EPO-R, was
used in the present study .

Angiotensin converting enzyme (ACE) converts the
angiotensin | (A-l) to angiotensin Il (A-ll) and plays a role
in the renin-angiotensin system (RAS) to regulate body
fluids and electrolytes for maintaining blood pressure
via the inactivation of bradykinin >/, The ACE genes
are encoded isoforms of both somatic (SACE) and testis-
specific (tACE) genes "8, The sACE, rather than the tACE, is
responsible for male fertility. The ACE is involved in the
regulation of fluid and electrolyte transport within the
epididymis during the A-ll activation and it is thus involved
locally in the RAS of the epididymis %, The therapeutic
effects of DP and RAM against the DXR-induced toxicity have
been demonstrated recently 2",

Therefore, the aim of this study was to determine the
protective effects of DP as an erythropoietin hormone and
RAM as an ACE inhibitor treatment against the DXR toxicity
on testicular and sperm parameters in adult male rats.

MATERIAL and METHODS

Thirty-four adult male Sprague-Dawley rats were
supplied from Atatlirk University Medical Experimental
and Research Centre (Erzurum, Turkey). Rats were
accommodated under 12 h light and 12 h darkness regime
and provided standard pellet food and drinking water
ad libitum.

Rats were divided into 5 groups as control and four
treatment groups. Group | (Control) (n=7) had no medication
and was given placebo (physiologic saline solution) into tail
veins. Group Il (DXR, n=6) received a dose of 2.5 mg/kg/w
DXR (Doxorubicin hydrochloride, Adriblastina 50 mg, Deva,
Pfizer Inc,, USA) via tail veins weekly for three weeks. Group
Il (DP, n=7) had DXR plus 10 p/kg/w i.p. DP (Darbepoetin
alfa, Aranesp 10 y, Eczacibasi, Amgen Inc., USA) weekly
for three weeks. DXR and DP were administered weekly
on days zero, 7, 14 and 21 relative to the initiation of the
study. Group IV (RAM, n=7) received DXR plus 1 mg/kg/d
p.o. RAM (Ramipril, Delix 5 mg, Sanofi, Pharma Vision,
Turkey) daily for four weeks. Finally, Group V had DXR, DP
and RAM at the same dose and duration, as above (groups
II-1IV). Following the animals being sacrificed under deep
anaesthesia performed routinely (5 mg/kg Xylasine
[Rompun, Bayer Inc.,, Germany] and 50 mg/kg Ketamine
[Ketalar, Pfizer Inc., USA]), sampling was obtained at the 4™
weeks of treatments. Treatment protocols for the groups
are presented in Table 1.

The weights of body, testes, cauda epididymis and
total male accessory gland (prostate, vesicular gland and
coagulating gland) were measured in the groups. One
testicle was kept at —20°C for biochemical analysis, while
the other was placed into Bouin's solution for histo-
pathological evaluation. The collections of cauda epididymal
sperm and assessment of sperm parameters (namely
motility, live-dead sperm and abnormal sperm rates) were
performed [under the phase contrast microscope (Carl
Zeiss Axio Scope.A1) on a warmed stage at 35.5+0.5°C] by
modification of the method described by Akman and

Table 1. Experimental protocols and drug administrations
Tablo 1. Calisma protokolii ve ilag uygulamalari

Treatments
Groups n
1. Week 2. Week 3. Week 4. Week

Group | (Control) 7 Physiologic saline i.v. Physiologic saline i.v. Physiologic saline i.v.
Group Il (DXR) 6 DXR 2.5 mg/kg/w i.v. DXR 2.5 mg/kg/w i.v. DXR 2.5 mg/kg/w i.v.

DXR 2.5 mg/kg/w i.v. DXR 2.5 mg/kg/w i.v. DXR 2.5 mg/kg/w i.v.
Group Il (DXR+DP) DP 10 pg/kg/w i.p. DP 10 pg/kg/w i.p. DP 10 pg/kg/w i.p.

7 DXR 2.5 mg/kg/w i.v. DXR 2.5 mg/kg/w i.v. DXR 2.5 mg/kg/w i.v.

Group IV (DXR+RAM) RAM 1 mg/kg/d p.o. RAM 1 mg/kg/d p.o. RAM 1 mg/kg/d p.o. RAM 1 mg/kg/d p.o.

DXR 2.5 mg/kg/w i.v. DXR 2.5 mg/kg/w i.v. DXR 2.5 mg/kg/w i.v.
Group V (DXR+DP+RAM) 7 DP 10 pg/kg/w i.p. DP 10 pg/kg/w i.p. DP 10 pg/kg/w i.p. RAM 1 mg/kg/d p.o.

RAM 1 mg/kg/d p.o. RAM 1 mg/kg/d p.o. RAM 1 mg/kg/d p.o.

Note: DXR and DP were administered via tail vein weekly on days zero, 7, 14 and 21. RAM was administered by oral route daily on days zero to 28.
DXR: doxorubicin, DP: darbepoetin, RAM: ramipril
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Aksoy 2%, The sperm concentration was determined with
a Neubauer counting chamber, by using modified method
of Turk et al.”®. The MDA level was determined according
to the method of Ohkawa et al.?%,

In histopathological examination of testicular tissue,
the samples taken for histopathological preparations
were fixed in Bouin’s solution. After the routine follow-up
procedures of alcohol-xylene, the sections of 5 p paraffin
blocks were stained with hematoxylin-eosin (HE) and
examined under a light microscope (Olympus BX51 with
DP72 camera, Japan) routinely. For statistical analyses, the
number of normal spermatogenic cells (non-degenerative
or non-necrotic) within a given tubulus seminiferus
contortus was counted, as follows: For each slide selected
from each group, the normal cell numbers were driven
by considering randomly chosen cells observed in five
different areas of 500+10 mm? found on each unit of the
tubulus seminiferus contortus.

Atatlirk University Local Board of Ethics Committee for
Animal Experiments has approved the study protocol of
this research (HADYEK decision no: 2013/61).

Statistical Analysis

All statistical analyses were carried out using SPSS
statistical software programme (SPSS for MAC, version
20.0). Biochemical, histopathological and spermatological
results were presented as means + S.E.M. One-way analysis
of variance (ANOVA) and post hoc Tukey test were used to
determine differences in all the parameters between the
groups. The values were considered significant when P<0.05.

RESULTS

The weights of body (P<0.05), total testicles (P<0.000),
total cauda epididymis (P<0.01) and total male accessory
gland (P<0.001) were significantly higher in the control
group than those in all other (treatment) groups (Table 2).

The MDA levels of testicular tissue were presented in
Table 3. DXR administration increased the MDA level in
Group Il in comparison with that of control group (P<0.000).

The DP administration prevented this increase in Group
lIl. The MDA levels in Group IV and Group V increased as
compared with that of control group. However, the RAM
and DP plus RAM administrations only slightly decreased
this level as compared with that of Group Il.

In histopathological examinations, seminiferous tubule
area, seminiferous tubule lumen area, germinative epithelial
area, as well as vascular and necrotic changes were
evaluated. The comparisons of histopathological changes
were presented in Fig. T and Table 4. Vascular changes
such as oedema and hyperaemia were observed in
Groups II-IV. The oedema and hyperaemia decreased in
Group V. The area of tubulus seminiferous in the testes
of Group Il receiving the DXR was significantly lower
than in the control group (P<0.005). Only the DP or RAM
administrations did not prevent the damage induced
by the DXR injection (P>0.05). However, the combined
administration of DP+RAM prevented the DXR-induced
damage (P<0.05) as comparable to that of the control
group (P>0.05). The total area of tubulus seminiferous
lumen in the testes of Group IV was significantly smaller
than in the control group (P<0.05). Severe necrosis was
seen in spermatogenic cells in Group Il. The administration
of DXR in Group Il significantly decreased the area of the
germinal epithelial cells as compared to that of the control
group (P<0.01). Only the DP or RAM administrations could
not prevent the damage caused by the DXR (P>0.05).
However, the DP plus RAM administrations together

Table 3. MDA levels in testicular tissue of DXR and treatment groups (Mean
+ SEM)

Tablo 3. DXR ve tedavi gruplarinin testikiiler dokudaki MDA seviyeleri
(Ortalama + SEM)

Groups n MDA Level (nmol/mg tissue)

Group | 7 13.33+1.152

Group Il 6 26.14+3.93¢

Group Il 7 15.16+1.17%

Group IV 7 19.29+1.42b¢

Group V 7 18.71+1.40°
@< Means having different superscripts within a row are significantly
different from each other (at least P<0.05)

Table 2. The weights of body, testicles, cauda epididymis and male accessory glands (Mean + SEM)

Tablo 2. Viicut, testis, cauda epididimis ve erkek eklenti bezlerinin adirliklari (Ortalama + SEM)

Grons n Body Weight Total Testis Weight Total Cau.da Epididymal Male Acc.essory Glands
(9) (mg) Weight (mg) Weight (mg)
Group | 7 314.00+12.33° 3046.86+69.24° 453.71+£24.89* 2564.43+172.69°
Group Il 6 259.33+12.64° 2020.17+117.00° 368.33+24.17° 1585.67+153.13°
Group Il 7 238.29+10.167° 1941.14+103.45° 341.71+13.74° 1358.71+£179.35°
Group IV 7 256.86+13.37° 1963.14+52.14° 363.57+21.05° 1588.43+179.92°
Group V 7 259.7149.65° 2028.43+74.10° 362.14+24.72° 1676.57+202.63°

@b Means having different superscripts within a row are significantly different from each other (at least P<0.05)
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Table 4. Histopathological evaluations of the effects of DXR and treatment groups on testicular tissue (Mean + SEM)

Tablo 4. DXR ve tedavi gruplarinin testikiiler doku lizerine etkilerinin histopatolojik degerlendirmeleri (Ortalama + SEM)

Histopathological Parameters
Group n Seminiferous Tubule Area |  Seminiferous Tubule Germinative Epithelial Nucleated Cell Number
(um?) Lumen Area (pm?) Area (um?) (502.63+1.58 um?)
Group | 7 21326.23+ 816.65° 9889.12+536.14* 11437.11£1259.89* 71.00+4.98*
Group Il 6 12568.13+1819.78¢ 7718.71+£1035.36® 4849.42+1191.30° 31.80+9.51°
Group Il 7 14327.42+2007.27° 8551.97+987.29° 5702.20+556.44° 39.60+5.11°
Group IV 7 11665.80+485.11°¢ 5963.60+278.36° 5775.45+1084.84° 48.75+4.77%
Group V 7 18593.06+941.14* 7410.76+263.85%° 11182.30+£1118.10* 54.80+4.91%
a< Means having different superscripts within a row are significantly different from each other (at least P<0.05)

ameliorated the DXR-induced damage as compared to
that of the control group (P>0.05). The DXR administration
significantly decreased the number of normal cells of the
germinal epithelium in Group Il as compared to that of
the control group (P<0.01). Only numerical improvements
were obtained by the administrations of RAM and DP
plus RAM (P>0.05).

Fig 1. a: Measuring and counting
methods of tubulus seminiferus
contortus (1- seminiferous tubule
area, 2- luminal space line of
tubulus seminiferus contortus,
3- germinative epithelial area,
4- seminiferous tubule lumen area,
5- selected areas for spermatic cell
counting), b-f: histopathologic
comparison of tubulus seminiferus
contortus and spermatic cell
(b: Control group, c: Group Il
(DXR), d: Group Il (DXR+DP), e:
Group IV (DXR+RAM), f: Group V
(DXR+DP+RAM), arrows: necrotic
tubuli), (HE)

Sekil 1. a: Tubulus seminiferus
kontortusun dlciim ve sayim yon-
temleri. (1- Seminifer tubul toplam
alani, 2- Seminifer tubul lumeninin
alan siniri, 3- Germinatif epitel
alani, 4- Seminifer tubuliin lumen
alani, 5- spermatik hiicre sayimi
icin rastgele secilen alanlar), b-f:
Tubulus seminiferus kontortus ve
spermatik hiicrelerin histopatolojik
karsilastirmasi (b: Kontrol grubu, c:
Grup Il (DXR), d: Grup Il (DXR+DP),
e: Grup IV (DXR+RAM), f: Grup V
(DXR+DP+RAM), oklar: nekrotik
tubuluslar ve spermatik hicreler),
(HE)

Epididymal sperm parameters obtained in this study
were presented in Table 5. The DXR toxicity adversely
affected all the percentages of epididymal sperm motility
rate, live-dead sperm ratio, sperm density, head abnormality
rate and total sperm abnormality rate (P<0.05). The DP plus
RAM treatment prevented the depressive effects of DXR on
the motility and live-dead sperm rate (P<0.05). However,
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Table 5. Effects of DXR and treatment groups on sperm parameters in adult male rats (Mean + SEM)

Tablo 5. DXR ve tedavi gruplarinin eriskin erkek sican sperm parametreleri lizerine etkileri (Ortalama + SEM)

Sperm Parameters
Group n Motility (%) Dead Sperm (%) (::)3::::::;::) Head Alzoz?rmality Total Al:ol;:))rmality
Group | 7 49.59+1.56° 38.26+1.62° 60.27+6.49° 9.44+1.16° 13.99+1.222
Group Il 6 23.23%1.64¢ 62.43%3.17¢ 29.95+3.40° 14.07+1.22° 21.53£1.13¢
Group Il 7 30.23+4.56 58.34+4.54 33.93+3.88° 12.51+0.98% 17.21+0.86*°
Group IV 7 31.00+2.51"¢ 59.16+2.75 39.1746.33° 14.37+1.45° 19.7442.04°
Group V 7 42.51£1.17% 46.94+1.28% 29.58+3.66° 11.73+0.72% 17.10+£1.39*®
o< Means having different superscripts within a row are significantly different from each other (at least P<0.05)

the RAM or DP administrations as both given alone had no
such protective effect on these parameters. Additionally,
the DP and DP plus RAM administrations prevented the
total sperm abnormalities induced by the DXR (P<0.01).

DISCUSSION

The effects of DXR on cancer cells are; i) the inhibition
of topoisomerase-Il that regulates the progress of DNA to
interference with the DNA strand separation and helicase
activity within the nucleus @, ii) the generation of free
radicals in cancer cells and cell membranes resulting
in a damage to the DNA and protein structures 22, and
iii) the respiratory disruption leading to the release of
cytochrome-C initiating apoptosis within the mito-
chondria 29, Thus, the DXR inhibits the synthesis of DNA,
RNA and protein by triggering the apoptotic pathway of
cell death and thus inducing the DNA damage 22?7, The
mechanism of this effect is not only for cancer cells, but
it also occurs as a result of a general toxicity on normal
cells 28, The main reason for the limitation of the use of
DXR is its cardiotoxic properties Bl In addition to the
cardiotoxicity and nephrotoxicity of DXR, its toxic efects
on testes tissues, as also observed herein, have been
shown previously in an experimental design in male rats 2",
Although the effects of DP and RAM are mainly related
with the cardiovascular and circulatory system, therapeutic
advantages of these drugs over various organs including
testes warrant further investigation in patients under
chemotherapy.

The EPO has anti-apoptotic, anti-inflammatory and anti-
oxidant effects against the injuries by ischemia-reperfusion
(IR) in various tissues 2%, It has been known that the EPO-R,
being widespread area of the body, has a regulative role for
the survival and proliferation of testes cells '2'4, The EPO
is produced within the layer of germ cells in humans and
involved in reproductive function of the testis . Sperm
cell is under the influence of EPO through the fertilisation
with regard to the EPO-R on sperm membrane before
and after the ejaculation %39, Lipid peroxidation (LPO)
occurred in cell membrane changes the permeability or

the integrity of the membrane resulting in DNA damage.
Mammalian testes are very sensitive to this free radical
damage B'32, The DXR produces the ROS in tissue that
leads to increase in the LPO, oxidative stress and damages
to the membrane and DNA. Thus, the DXR triggers the
apoptotic pathway of cell death @, In the present study,
the DXR administration (Group Il) markedly increased the
MDA levels in rat testicular tissue in comparison with those
of other groups. This result was similar to the findings of
Ceribasi et al.B¥, indicating the occurrence of LPO in the
cellular membranes within the testes 132, Researchers
reported that the DP administration reduces the high
MDA levels of testes subjected to the IR in rats . Both
the DP and DP+RAM treatments prevented the increase
in the MDA level caused by the DXR injection herein.
Furthermore, in our preliminary studies, the DP treatment
increased the haematocrit (HCT) level in rats given DXR
(data not shown herein).

Generally, the results of DXR administration in testes
are; i) thickening of the basal lamina of seminiferous
tubules %, ii) vacuolisation and/or damages in the
Sertoli cells 283334 jii) degeneration of spermatogonia
formed around the nuclei by nuclear condensation of
spermatogonia with cytoplasmic content characterised
by apoptosis ¥, iv) prominent germ cell loss 283,
v) reduction of seminiferous tubule size B%, vi) a mild
inhibition of sperm release due to atrophy of the
tubulus seminiferus ©2833 vii) necrosis, degeneration,
desquamation, disorganisation, spermatogonial loss due
to direct effect of interstitial oedema and congestion in
the germ cells 33, and viii) eventually testicular atrophy
allowing Sertoli cells survival only 8. The findings in
testicular tissue revealed that the DXR causes apoptosis
due to testicular toxicity as accompanied by the
enlargement and severe vacuolisation of interstitial tissue
in the interstitial space and a severe vacuolisation and
fibrinoid debris in the tubulus seminiferous #33,

In the present study, similar changes such as necrosis,
degeneration, desquamation, spermatogenic cell loss,
interstitial oedema and congestion in the interstitial tissue
of testes were observed in a previous report 133,
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Reduction of the area in the seminiferous tubules by the
DXR was due to the reduction of the area in germinal
epithelium. Furthermore, the DXR causes gonadotoxic
necrosis resulting in a lower number of germ cells because
of the reduction in the germinal epithelial area. The
adverse interactions between the MDA level and the
above-mentioned measurements explain the damage
observed in the male reproductive organs. Also, researchers
reported that the use of green tea as an antioxidant
prevented some forms of testicular toxicity caused by
the DXR in mice B3, The EPO has marked anti-apoptotic
and mitotic functions of various cells including in the
endothelial cells, myoblasts, vascular smooth muscle cells,
leydig cells, cortical neurons and both renal and non-
erythroid cells B¢, In young cryptorchidic rats, the reason
of how the EPO treatment before and after the IR protected
the testicular morphology and maintained this protective
mechanism has not been fully clarified 1738, Possible
mechanism to explain the testicular damage could be the
reduction of nourishments within the tissue caused by
vascular changes, and therein, it might have been involved
in the ischemia due to Sertoli cell dysfunction B. In
spontaneously hypertensive rats (SHR), testicular histology
reveals the reduction of germ cell, irregular shapes, and
decrease in the diameter of the seminiferous tubules, as
all due to the lack of expression of tACE in the germinal
cells 7, In stroke-prone spontaneously hypertensive rats
(SP-SHR), the changes in different vascular beds and the
structural hypertensive alterations within the inter-testicular
structures in arterioles led to damages to spermatogenesis
resulting in the reduced number of mature and/or immature
gamete cells ¥, Not only serious and long-term hyper-
tension but also mild and short-term hypertension may
be a risk factor for male reproductive health I'7,

Herein, neither the DP nor RAM alone did prevent the
reduction in the area of seminiferous tubules and germinal
epithelial layer caused by the DXR challenge. Single
administration each of them provided only a partial
recovery.However, when used together, the combination
of DP plus RAM provided more effective protection against
the gonadotoxicity by the single use of these drugs. When
used alone, the RAM caused a marked reduction in the
area of seminiferous tubule lumen as compared to that
of the control rats. These results might be related with the
effects of RAM on the vascular system. The DXR has been
defined as the male reproductive toxicant leading to the
reduction of sperm concentration in 4 weeks 2%, Herein,
three times administrations of DXR, affecting the whole
body up to 4 weeks, decreased the sperm density within
the cauda epididymis.

In some researches, the DXR has reduced both the sperm
concentration and motility B34, In contrast to the findings
of Plassman and Urwyler 28 and Imahie et al.’¥, three
times administrations decreased the rate of epididymal
sperm motility. Any change in the function of ion channels

on the sperm plasma membrane or the mitochondrial
milieu may affect the sperm motility “2. Sperm plasma
membrane is quite sensitive in an environment containing
excessive amounts of ROS, because the membrane has
large amounts of long-chain unsaturated fatty acids and
low concentration of scavenging enzymes 3. In this study,
considering the increased MDA levels in the testicular area,
it has been considered that the DXR-induced production
of free radicals may reduce the motility via an increase in
the LPO by the side of the unsaturated fatty acids causing
a damage to the tail as a propelling organ of the spermato-
zoa B3, Furthermore, the DXR may impair the genes in the
DNA responsible for the motility. The reduction in motility
rate implies that the DXR has direct effects on the cauda
epididymal sperm.

The DXR administration for 8 weeks has caused
proportional increases in the head, tail and total abnormal
sperm rate B3, Herein, its administration for 4 weeks
increased the dead sperm rate of cauda epididymis as well
as the abnormal head ratio and total abnormal sperm rate.
This increase in abnormal sperm rate may have occurred
as a result of the disruption of epididymal function 4.
The EPO has been detected in human seminal plasma,
without any correlation between the EPO levels in
seminal plasma and the parameters studied such as
sperm density, morphology, cytoplasmic droplets and
the number of leukocytes 7. On the contrary, the sperm
cell carries the EPO-R, but its function has not been
fully explored yet B% However, the EPO molecules to
bind EPO-R on the plasma membrane allows a compatible
modification that triggers the activation of an event
resulting in the protection of cells from the ischemia,
apoptosis and ROS ¥4, Sperm cells require relatively hypoxic
conditions for survival in in vivo and in vitro milieu. The
presence of EPO activity within the epididymis indicates
that it supports the sperm cell to remain viable in an hypoxic
milieu 2. Green tea administration improves the sperm
motility, whereas melatonin prevents both the reduction
of motility and density in the DXR-induced damages 53541,
On the other hand, the administration of ellagic acid
had no protective effect on the motility, concentration
and abnormal sperm rate 83,

The enzymes having ACE activity in mammals are
widely distributed among different tissues including those
in the testis and epididymis where high levels of enzyme
activity take place ¥, In stallions, the activity is greater
in sperm membrane than in the seminal plasma . All
forms of the ACE respond similarly to variable substances,
and are equally vulnerable to the specific inhibitors 6.,
Captopril, an ACE inhibitor, is an example to reduce the
ACE activity in the sperm plasma membrane "%, However,
there has been no effect on the sperm motility in long-
term Captopril-treated humans "8, On the other hand,
the influence of ACE on the receptors localised on the
sperm neck and tail to bind A-ll may affect the sperm
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thrusting movement *, while the underlying mechanism
of its effect on the sperm motility remains unclear. Herein,
although some beneficial effects were observed with the
DP treatment, its usage alone against the DXR-toxicity
could not prevent the deterioration in sperm motility,
live-dead sperm rate, density and head abnormalities, but
it markedly prevented the increase in the total abnormal
sperm rate. This fact may suggest the idea that the DP
supports the sperm cells via its anti-oxidant properties
due to an increase in the HCT level in the region via the
removal of DXR-induced free radicals and to the prevention
of the damage on the epididymal function #2.

The highest tACE concentration has been reported
in spermatozoa with normal morphological features and
motility “7. The RAM, used as an ACE inhibitor herein,
provided a partial beneficial contribution without
preventing the depression of sperm parameters caused
by the DXR. However, the administration of DP plus RAM
together prevented depressions of motility, dead sperm
and abnormal sperm rate caused by DXR.

In our study, the DXR administration for three times
caused a general toxicity reducing the body weight, while
the DP plus RAM could not prevent this decline, as indicated
earlier ?8, The decrease in the body weight may indicate
that the ACE activity has an effect on the body weight,
since it has been shown earlier that the SHR animals has
low body weights ') The reason for the ineffectiveness of
the therapy to recover the body weight would be related
with the dose and duration of DXR administration. In
this respect, one can propose that the recovery from the
DXR-induced gonadotoxicity may likely to be accelerated
by the therapy after the cessation of DXR given. Therefore,
it is important to note that the prevention be more vital
than the recovery with regard to the general anthracycline
toxicity during the chemotherapy.

The DXR reduces the testis weight as well as all male
reproductive organ weights 533, [t has been proposed that
this weight-decreasing effect is due to the parenchymal
atrophy in the seminiferous tubules, the spermatogenic
damage within the testicular tissue and the decrease
in sperm density %, Being as a cytotoxic drug, the DXR
inhibits the topoisomerase Il activity by influencing the cell
DNA resulting in apoptosis at the meiotic division of type
A spermatogonia, the intermediate spermatogonia and
spermatocytes in the rat testis “. Herein, the DP and RAM
administrations could not prevent the weight depression
of testicles, cauda epididymis, and male accessory glands
in the treatment groups (receiving the DXR) because of
short-term duration (4 vs. 8 weeks) of exposure of rats to
the DP and RAM during the experimental period studied.

In conclusion, single usages of the DP or RAM could
not prevent the entire depressive changes, although they
achieved partial improvements, in epididymal sperm para-
meters due to the DXR administration in adult rats.

However, the DP plus RAM treatments provided remarkable
protective effects for motility, live-dead sperm rate and
total abnormal sperm rate thereby. These favourable
effects may involve both the oxygenation of the tissues
via an erythropoietin hormone and vascular regulation
and cardiovascular compensation with the help of an ACE
inhibitor. Therefore, the disruption of male genital organs
has been protected from DXR-induced gonadotoxicity by
the combination therapy using these drugs. The anti-
oxidant effects of the DP and RAM largely prevented the
free radical formation, as the actual reason for the increase
in the MDA level observed in all the DXR-treated animals.
It was considered that these drugs might reduce the
damages on Sertoli and germ cells in the testicles
and plasma membrane of epididymal sperm.
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