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Introduction

Inorganic elements, including platin, ruthenium, and 
gold, play important roles in biological and biomedical 
processes, because they can be used as novel therapeu-
tic and diagnostic agents1,2. The clinical usage of metal-
based drugs can bring about effective changes in many 
fields, including the following treatment spheres: anti-
cancer, antiulcer, and antiarthritic1,2. Until now, cisplatin, 
the one first used as an anticarcinogenic inorganic metal 
complex, was successfully used in treating many types 
of cancer such as breast, lung, and prostate cancers3,4. 
However, cisplatin’s usage was restricted significantly 
because of its toxic effects such as nephrotoxicity, car-
diotoxicity, ototoxicity, and hepatotoxicity5–7. Therefore, 
in recent years, research has focused on identifying and 
developing new-generation metal complexes that are 

effective and safe for cancer treatment in order to find 
an alternative for cisplatin considering its toxic effects. In 
this context, ruthenium and gold complexes as binding 
N-heterocyclic carbenes (NHCs), one of the most impor-
tant classes of ligands used in organometallic and coor-
dination chemistry, have anticarcinogenic properties8.

In the recent years, many studies9,10 examined to the 
determination pharmacological properties, including 
antifungal, antimicrobial, and anticarcinogenic effects 
of ruthenium agents. Clarke9 suggested that ruthenium 
complexes oxidation state 2+ (RuII) and 3+ (RuIII) showed 
selective and powerful antitumor activity, especially 
against metastatic cancer. Besides, Aird et al.11 evaluated 
RuII complexes for activity in both in vitro and in vivo mod-
els of human ovarian cancer and cross-resistance pro-
files established in cisplatin. Gold complexes, especially 
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Aurofin used for the treatment of rheumatoid arthritis, 
are well-known pharmaceutical agents2. Also, they are 
active antitumor agents. Mirabelli et  al.12 demonstrated 
that a novel synthesis and use of AuI and AuIII complexes 
that had phosphine group in their structure was as effec-
tive as Aurofin against leukemia P388. They claimed that 
antitumor activity of these compounds can be as strong as 
Aurofin and can be as effective against tumor models.

Our previous study demonstrated that ruthenium(II)-
NHC (RuII) and gold(I)-NHC (AuI) complexes caused 
significantly cardiotoxic effect in rats via increased oxida-
tive stress in heart tissue13. On the other hand, there is no 
study about toxic effects of RuII and AuI on male reproduc-
tive system if they are used clinically. For this reason, the 
present study aims to evaluate the toxic effects of RuII and 
AuI complexes on male reproductive system, determine 
whether there is oxidative and histopathological damage 
to testis tissue, and evaluate sperm characteristics and 
testosterone levels.

Materials and methods

Chemicals
RuII and AuI complexes used in this study were synthe-
sized in the Inonu University, Organometallic research 
laboratory, according to Ciftci et al.13 (Scheme 1).

Animals and treatment
A total of 35 healthy adult male Sprague–Dawley rats 
(between 3 and 4 months old and 200 and 300 g in 
weight) were obtained from Experimental Animal 
Institute, Malatya-Turkey, for this experiment. Animals 
were housed in sterilized polypropylene rat cages, in 
12-h light-dark cycle, at an ambient temperature of 21°C. 
Diet and drinking water were given to them via free feed-
ing. Rats were randomly divided into five equal groups 
(n = 7 in each group), and all groups were exposed to 
only one dose of drug intraperitoneally. Cisplatin, which 
is known to cause general toxicity of 5 and 10 mg/kg 
dose, was added to RuII and AuI complexes13. All drugs 
were intraperitoneally (i.p.) administered, by only one 
administration after all chemicals were dissolved in 
dimethylsulfoxide (DMSO). In the first (control) group, 
DMSO was administered to rats by a single injection in 

order to create the same environmental stress. In second 
and third groups RuII were given to rats at a dosage of 5 
(RuII-5) and 10 (RuII-10) mg/kg. In fourth and fifth groups 
AuI were given rats at the same doses (AuI-5 and AuI-10). 
The animals were sacrificed under ether anesthesia after 
10 days of drug administration. For biochemical analy-
sis, right testis was immediately dissected and weighted. 
Blood samples were collected from the left ventricle with 
an injection under anesthesia. Serums were obtained 
after whole blood centrifugation (3000 g, 20 min, at 
4°C). Tissue and serum samples were stored at −45°C in 
deepfreeze until analysis.

Biochemical assay
The homogenization of tissues was carried out in Teflon 
glass homogenizer with 150 mM KCl (pH 7.4) to obtain 
1:10 (w/v) dilution of the whole homogenates. The homo-
genates were centrifuged at 18.000 × g (4°C) for 30 min 
to determine thiobarbituric acid–reactive substances 
(TBARS), total glutathione (GSH) levels and catalase 
(CAT), superoxide dismutase (SOD), and glutathione per-
oxidase (GPx) activities. The levels of TBARS, as an index 
of lipid peroxidation, were determined by thiobarbituric 
acid reaction using the method of Yagi14. The product was 
evaluated spectrophotometrically at 532 nm, and results 
were expressed as nmol/g tissue. The GSH content of the 
testis homogenate was measured at 412 nm, using the 
method of Sedlak and Lindsay15, and was expressed as 
nmol/ml. SOD activity was measured by the inhibition 
of nitroblue tetrazolium (NBT) reduction resulting from 
O

2
− generation caused by the xanthine/xanthine oxidase 

system16. The product was evaluated spectrophotometri-
cally at 560 nm, and results were expressed as U/mg pro-
tein. CAT activity of tissues was determined according to 
the method of Aebi17. The enzymatic decomposition of 
H

2
O

2
 was followed directly by the decrease in absorbance 

at 240 nm. The enzyme activities were given in k/mg pro-
tein. GPx activity was measured by the method of Paglia 
and Valentine18. The decrease in absorbance at 340 nm 
was measured as GPx activity expressed as U/mg protein. 
Tissue protein content was determined according to the 
method developed by19 using bovine serum albumin as 
standard.

Histopathological examination
For histopathological study, left testis was weighted and 
fixed in formalin 10%0, dehydrated in ethyl alcohol, 
cleared in xylol, and embedded in paraffin wax. Sections 
of 5-μm thickness were cut and stained with hematoxylin 
and eosin for determining histopathological changes. The 
diameter of the seminiferous tubule (DST) and germina-
tive cell layer thickness (GCLT) from 20 different areas 
of each testis were measured using a Leica Q Win Plus 
Image Analysis System (Leica Micros Imaging Solutions 
Ltd, Cambridge, UK) at 10 X. The testicular damage sever-
ity was semiquantitatively assessed for each of the fol-
lowing parameters: spermatogenic arrest (cease of the 
spermatogenesis), disintegration of the spermatogenic 

Scheme 1.  Chemical structure of Ru(II) and Au(I)-NHC 
complexes.
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layer, disorganization in germinal cells, multinucleated 
giant cell formation, and degeneration, desquamation, 
and vacuolization of spermatogenic cells. The degree of 
damages was identified as absent (0), slight (1), moderate 
(2), and severe (3), for each criterion. Maximum score is 
noted as 21, and the microscopic score of each section was 
calculated as the sum of the scores. Sections were exam-
ined using a Leica DFC 280 light microscope at 40× and 
100× magnification for overall histologic examination.

Evaluation of sperm parameters
The epididymal sperm concentration was determined 
with a hemocytometer using a modified method briefly 
described by Ciftci et al.20 The right epididymis was finely 
minced by anatomical scissors in 1 mL of isotonic saline 
in a Petri dish and allowed to incubate at room tempera-
ture. Then the supernatant fluids containing all epididy-
mal sperm cells were counted with the help of a light 
microscope at 200× magnification. The percentage of 
forward progressive sperm motility was evaluated using 
a light microscope with heated (37°C) stage as described 
by Ciftci et  al.21 The percentage of forward progressive 
sperm motility was evaluated visually at 400× magnifi-
cation. Motility estimates were performed from three 
different fields in each sample. The mean of the three 
successive estimations was used as the final motility 
score. To determine the percentage of morphologically 
abnormal spermatozoa, the slides stained with eosin-
nigrosin were prepared. The slides were then viewed 
under a light microscope at 400× magnification. A total of 
300 sperm cells was examined on each slide (2,100 cells 
in each group), and the head, tail, and total abnormality 
rates of spermatozoa were expressed as a percentage20,21.

Hormonal analysis
Serum testosterone level was determined by enzyme-
linked immunosorbent assay (ELISA) using antirat ELISA 
commercial kits from Cayman Chemical Company (Ann 
Arbor, MI, USA) according to the manufacturer’s instruc-
tions. The plates were read at 405 nm using the CA-2000 
ELISA microplate reader (CIOM Medical Co., Ltd. in 
China). Testosterone quantities in the samples were 
calculated from standard curves of testosterone using a 
linear regression method.

Statistical analysis
All values were presented as mean ± SEM. Differences 
were considered to be significant at p < 0.05. A computer 

program SPSS 11.0 (SPSS Inc., Chicago, IL, USA) was 
used for statistical analysis. For biochemical values, sta-
tistical analyses were performed using one-way ANOVA 
and post hoc Tukey’s honestly significant difference test. 
Histopathological results were compared with Kruskal–
Wallis variance analysis. Where differences among the 
groups were detected, group means were compared 
using the Mann–Whitney U test.

Results

Biochemical evaluation
The testis CAT, SOD, and GPx activities and TBARS and 
GSH levels for RuII and AuI given at the doses of 5 mg/
kg (low dose) or 10 mg/ kg (high dose) are presented in 
Table 1. The results showed that RuII and AuI complexes 
caused a significant increase TBARS levels in all treatment 
groups (both low and high doses) compared to that of 
control group. However, the CAT, SOD, and GPx activities 
and GSH levels in testis tissue of rats were significantly 
increased in the experimental groups compared to con-
trol groups. Also, the current study observed that treat-
ment of RuII and AuI altered SOD, CAT, and GPx activities 
and TBARS and GSH levels in a dose-dependent manner. 
Generally, the high-dose administration of RuII and AuI 
led to a decrease of antioxidant enzymes and an increase 
of TBARS levels in testicular tissue compared to low-dose 
administration.

On the other hand, when compared to low and high 
dose of RuII and AuI administration, in low-dose applica-
tion, it was found that only the CAT activity changed sig-
nificantly and that AuI treatment caused more decrease 
in the levels of CAT than RuII did. However, there were no 
significant changes in SOD, GPx activities, and GSH and 
TBARS levels between RuII and AuI at low-dose applica-
tion. In AuI treatment (high-dose administration), TBARS 
levels significantly increased, but antioxidant enzyme 
activities and GSH levels did not significantly change 
compared to RuII treatment at the same dose.

Hormonal results
Serum testosterone levels are given in Figure 1. We 
determined that serum testosterone levels at both doses 
of RuII and AuI decreased significantly compared to con-
trol groups. In addition, the testosterone levels did not 
significantly change in a dose-dependent manner in all 
groups. Also, there were no significant changes between 
same dose of RuII and AuI.

Table 1.  Changes in SOD, CAT, and GPx activities and GSH and TBARS levels in testis tissue of rats (value ± SEM, n = 7).
 Control RuII-5 RuII-10 AuI-5 AuI-10
TBARS nmol/g tissue 12.3 ± 0.33 15.9 ± 0.89*a 20.9 ± 1.11*b 16.7 ± 0.45*a 24.6 ± 0.30*
SOD U/mg protein 39.8 ± 1.46 35.9 ± 1.35a 24.3 ± 0.48* 30.6 ± 0.86*a 23.8 ± 1.32*
CAT k/mg protein 0.78 ± 0.18 0.57 ± 0.13*ab 0.38 ± 0.21* 0.49 ± 0.19 *a 0.33 ± 0.13*
GSH nmol/ml 24.1 ± 1.11 18.5 ± 0.92*a 14.1 ± 0.89* 16.0 ± 0.74*a 11.5 ± 0.57*
GPx U/mg protein 687.6 ± 15.0 574.8 ± 17.1*ab 428.1 ± 11.5* 506.3 ± 9.5*a 372.4 ± 14.5*
* indicates means significantly different from control group (p < 0.05); a indicates significant difference between low- and high-dose 
treatment in the same drug (p < 0.05); b indicates significant difference between same dose treatment of CP and Pt-NHC (p < 0.05).
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Organ weights and sperm characteristics
The value of organ weights (testis, epididymis, seminal 
vesicles, and prostate weight) and sperm characteristics 
(epididymal sperm concentration, sperm motility, and 
abnormal sperm rate) in rats treated with RuII and AuI 
are given in Table 2. The results demonstrated that the 
weight of testis, epididymis, seminal vesicles, and pros-
tate did not significantly change with RuII and AuI treat-
ment at low and high doses compared to control group. 
Besides, in all doses, RuII and AuI caused a significant 
decrease in epididymal sperm concentration and sperm 
motility. However, there was not a significant change in 
abnormal sperm rate. Also, it was determined that these 
changes of epididymal sperm concentration and sperm 
motility generally occurred in a dose-dependent manner 
and increased correspondingly with an increase in dose. 
Besides, there were no significant differences between 
RuII and AuI treatment in low-dose application groups. 
However, in high-dose-administered groups, AuI treat-
ment caused severe side effects compared to RuII treat-
ment at the same dose.

Histopathological changes
Morphological damage ranged from none (control) to 
slight (AuI-5) to moderate (RuII-5) and to severe (AuI-10 
and RuII-10). In sections of control rats, the seminiferous 
tubules were intact (Figure 2). The histology of testis of 
AuI-5 was similar to that of the control group except for 
the disintegration of spermatogenic layer observed in 
some of the tubules (Figure 2). However, in the RuII-5 
groups, more obvious damages were present, such as 
spermatogenic arrest and disorganization of germinal 
cells (Figure 2). On the other hand, testicular damage 
increased in a dose-dependent manner. As a matter of 
fact, seminiferous tubules containing arrested spermato-
genic cells at various stages of division and degenerative 
changes in germinal cells were observed in AuI-10 and 
RuII-10 groups (Figure 3). Also in AuI-10 group, multifocal 
nodules were observed among the seminiferous tubules 
(Figure 3). The cells within nodules showed the light 
microscopic features of Leydig cells, such as vacuolated 
and eosinophilic cytoplasm. These nodules were not 
observed in any of groups, except for the AuI-10 group. 

Figure 1.  Serum testosterone levels in rates (pg/ml ± SEM). Asterisk indicates means significantly from control group (p ≤ 0.01).

Table 2.  Reproductive organ weights, epididymal sperm concentration, sperm motility, and abnormal sperm rate in rats after treatment 
of CP and Pt-NHC (n = 7).
Examining organs Control RuII-5 RuII-10 AuI-5 AuI-10
Testes weight (g) Right 1.29 ± 0.041 1.380 ± 0.046 1.395 ± 0.023 1.285 ± 0.033 1.432 ± 0.021

Left 1.33 ± 0.027 1.330 ± 0.046 1.380 ± 0.013 1.260 ± 0.030 1.389 ± 0.043
Epididymis weight 
(g)

Right 0.492 ± 0.045 0.542 ± 0.033 0.531 ± 0.022 0.489 ± 0.013 0.542 ± 0.025
Left 0.532 ± 0.021 0.526 ± 0.022 0.532 ± 0.024 0.481 ± 0.021 0.529 ± 0.028

Seminal vesicles (g)  1.182 ± 0.216 1.318 ± 0.139 1.347 ± 0.225 1.158 ± 0.095 1.047 ± 0.118
Prostate (g)  0.190 ± 0.030 0.225 ± 0.032 0.194 ± 0.029 0.219 ± 0.038 0.215 ± 0.017
Sperm concentration (million/cauda) 79.07 ± 2.89 67.00 ± 5.52*a 60.00 ± 4.52*b 63.90 ± 5.03*a 46.30 ± 5.30*
Sperm motility (%)  83.52 ± 1.24 66.66 ± 2.70*a 59.66 ± 2.06*b 63.66 ± 1.69*a 52.66 ± 3.23*
Abnormal sperm 
rate (%)

Head 5.70 ± 0.27 5.80 ± 0.49 7.00 ± 0.44 6.80 ± 0.37 6.20 ± 0.37
Tail 6.20 ± 0.21 6.40 ± 0.67 7.20 ± 0.54 6.80 ± 0.58 7.60 ± 0.24
Total 11.90 ± 0.48 12.20 ± 1.11 14.20 ± 0.94 13.60 ± 0.58 13.80 ± 0.81

* indicates means significantly different from control group (p < 0.05); a indicates significant difference between low- and high-dose 
treatment in the same drug (p < 0.05); b indicates significant difference between same dose treatment of CP and Pt-NHC (p < 0.05).
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The multinucleated giant cells, which form as a result 
of the fusion of spermatids, were observed in the some 
of the seminiferous tubules, but only in RuII-10 group 
(Figure 3). Diameters seminiferous tubules (DST), ger-
minal cell layer thickness (GCLT), and histopathological 
score (HIS) are given in Table 3.

Discussion

Elemental medicine is an important aspect mainly in the 
treatment of cancer and others illnesses such as arthritis 
and ulcer1. Cisplatin, which is one of the most used che-
motherapeutic agents, had many side effects; therefore, 
its clinical usage was terminated in a phased manner, 
that is, progressively. For cancer therapy, new metal 
complexes, including RuII and AuI, were synthesized and 
examined to assess their effectiveness as well as toxicity. 
In the present study, it was determined that the novel 
synthesized RuII and AuI complexes treatment not only 
caused reproductive toxicity but also induced oxida-
tive, histopathological, spermatological, and hormonal 
imbalances in the male reproductive system of rats.

Oxidative and histopathological damage
Oxidative stress is an imbalance between TBARS levels, 
an indicator of lipid peroxidation; it causes irreversible 
cell damage and diminishes the capacity of antioxidant 
defense system consisting of CAT, SOD, and GPx activi-
ties and GSH levels. Testes are the major target organs 
for oxidative stress because of a high content of polyun-
saturated membrane lipids cells equipped with an anti-
oxidant system22,23. Our results showed that RuII and AuI 
complexes not only produced dose-dependent increase 
in TBARS levels but also induced lipid peroxidation in 
testis tissue of rats. On the other hand, the CAT, SOD, 
and GPx activities and GSH levels significantly decreased 
with RuII and AuI treatment in a dose-dependent manner. 
Besides, it was demonstrated that AuI treatment caused 
more oxidative stress than RuII did at the same doses. 
AuI can affect antioxidant defense system in testis tissue 
much more seriously than RuII can. These compounds 
were novel syntheses, and, as far as we are aware, there 
was no study in the past that focused on these compounds 
to evaluate their capacity to cause oxidative damage in 
testis tissue. On the other hand, it was thought that cis-
platin, being a metal-based drug, can also trigger oxida-
tive stress on testis tissue, similar to RuII and AuI. In this 
context, toxic effects of cisplatin on testis are well known. 
Many previous studies6,7,24 showed that cisplatin induced 
oxidative damage in testis via an increase in TBARS levels 
and a decrease in CAT, SOD, and GPx activities and GSH 
levels. These results generally agree with and confirm our 
results. Metal drugs such as cisplatin showed their effects 
via binding DNA or unsaturated membrane lipids2. It 
was thought the oxidative effects of RuII and AuI may 
lead to DNA binding or unsaturated membrane lipids as 
would other metal complexes. For checking this effect 
mechanism of RuII and AuI, their use should form part of 
molecular experiment in future. We believe that oxidative 
damage has a key role to play in the reproductive toxicity 
caused by RuII and AuI in rats.

Histopathological results indicated that RuII and 
AuI complexes caused testicular damage in a dose-
dependent manner. They could lead to spermatogenic 
arrest, disorganization of germinal cells, multifocal 
nodules, and vacuolated and eosinophilic cytoplasm in 
Leydig cells. Besides, it was shown that AuI caused more 

Figure 2.  (A) Normal histopathological view of seminiferous tubules in control group, H-E X132. (B) Seminiferous tubules show slight 
histopathological changes in the AuI-5 group. Testicular histology appears normal, except for the disintegration of spermatogenic layer 
of some tubules (*), H-E X132. (C) Moderate damage of seminiferous epithelium in RuII-5 group. Degeneration of germinal cells and 
spermatogenic arrest (arrows) are evident, H-E X132.

Figure 3.  (A) Peritubular tissue in surrounding the epithelium 
are irregular and convolute (arrows) in AuI-10 group H-EX330. (B) 
Loss of the germ cells is noted in RuII group, H-E X132. (C) Nodule 
is seen among seminiferous tubules (arrows) in AuI-10 group, 
H-EX66. (D) A giant multinucleated cells derivative from round 
spermatids (arrows) are evident in RuII-10 group, H-EX330.
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histopathological damage in testis tissue than RuII did, 
at the high dose. However, for low dose, this situation 
is the opposite of the high-dose application. There is no 
study about how RuII and AuI affect testis-tissue histopa-
thology. However, previous studies determined that tes-
ticular damages were typically associated with cisplatin 
therapy in rats7,25. It is thought that the histopathological 
toxic effects of RuII and AuI on testis may be due to their 
oxidative effects, which may lead to infertility in rats.

Organ weight and spermatological and hormonal 
changes
In the present study it was determined that the treatment 
using RuII and AuI led to a significant decrease in sperm 
motility and concentration compared to control group. 
On the other hand, organ weight (testis, epididymis, 
seminal vesicles, and prostate weight) and abnormal 
sperm rate did not significantly change between all 
groups. In addition, the current study demonstrated that 
toxic effects of metal complexes are proportionate to 
the dosage used and increase with high-dose treatment. 
Also, we showed that AuI treatment was more toxic than 
RuII treatment in terms of effects on sperm characteris-
tics. Many studies7,24 and our unpublished data showed 
that cisplatin and novel platin–NHC complex caused 
significant decrease in sperm motility and concentration 
and did not change accessory organ weight (epididymis, 
seminal vesicles, and prostate weight). These results 
agree with our findings. By contrast, there were other past 
studies24,26 that indicated that cisplatin and novel platin–
NHC complexes significantly increased abnormal sperm 
rate and decreased testis weight in rats. We thought that 
this disagreement may be due to the fact that AuI and 
RuII complexes have a different chemical structure. The 
adverse effects of cisplatin on serum testosterone level 
were previously documented, and it was determined26 
that testosterone levels significantly lowered with cispla-
tin treatment at a dose of 7 mg/kg. There is no study about 
how RuII and AuI affect serum testosterone level in rats. 
First, it was demonstrated that RuII and AuI treatment 
led to a significant decrease in serum testosterone levels 
compared to that of the control group. On the other hand, 
between experimental groups there was no significant 
change observed posttreatment. Previous studies25,26 
paralleled and confirmed our findings. It became obvi-
ous that oxidative and histopathological damage in testis 
tissue led to toxicity in sperm characteristics and testos-
terone levels. The present results indicated that RuII and 
AuI may affect fertility adversely.

Conclusion

In conclusion, it was clearly determined that both RuII 
and AuI complexes induced oxidative and histopatho-
logical damages in rat testis tissue. In addition, they 
can cause infertility via a decrease in epididymal sperm 
concentration, sperm motility, and testosterone level. 
On the other hand, AuI treatment caused more testicular 
and spermatological damage in testis tissue than RuII did. 
These results indicated that when RuII and AuI are used 
in cancer treatment, they can lead to severe toxic effects 
on male reproductive system and can cause infertil-
ity, similar to the effects observed in rats studied in our 
experiment.
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