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ABSTRACT: The present study was designed to investigate the role of L-ergothioneine supplement against
cisplatin-induced reproductive toxicity in male wistar rats, regarding the antioxidant and cytoprotectant
property of this supplement, and redox indices generated by cisplatin administration during
administration. Twenty adult male wistar rats randomly divided into four groups (n=5) were used in this study
and subjected to treatment as follows; Group | (control) received 10mL/kg distilled water for 14days; Group Il
(Cis alone) received a single dose of 7 mg/kg IP of cisplatin on the 10th day. Group Il (Erg alone) received
10mg/kg Erg orally for 14days and group IV (Cis+erg) received both Erg and Cis. Body and reproductive
organ weight, Sperm analysis, serum level of reproductive hormones (Testosterone, FSH and LH), biochemical
(CAT, MDA, SOD, GP,) and histological (H&E dye) evaluations of testis were performed.

Treatment with Cisplatin shows a decrease in sperm count, serum testosterone concentration, SOD, GPx, CAT
and increased abnormal sperm morphology, percentage dead sperm cells, MDA level and causes
histopathological damage. However, L-ergothioneine supplement significantly prevent these deleterious effect
of Cis.

The result from this study shows that L-erg supplement has protective effects on Cisplatin-induced testicular
dysfunction via its antioxidant and cyto-protectant activities. Thus, it has the potential for use as therapeutic
adjuvants against reproductive toxicity in patients undergoing Cisplatin therapy.
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I.  Introduction

Cancer has become a major source of morbidity and mortality globally (Sylla & Wild, 2011) and its
increase prevalence has led to the use of antitumour drugs such as Cisplatin (Cis). However, administration of
Cisplatin has been reported to cause adverse side effects in a dose-dependent manner via the production of
reactive oxygen species (ROS) leading to oxidative damage (Lu et al., 2015). Both human and animal models
have demonstrated Cis induces testicular damage (Amin & Hamza, 2006) via germ cell apoptosis, Leydig cell
dysfunction and testicular steroidogenic disorder resulting to infertility (Soni et al., 2015; 2016).Studies into the
aetiology of Cis-induced reproductive toxicity revealed that it promote the production of ROS causing
imbalance in pro-oxidant/antioxidant status which eventually result into lipid peroxidation in the cell
membranes (Harman & Richburg, 2014). Thus, a potent antioxidant has been proposed to be a protective
measure to ameliorate Cis-induced toxicity.

The benefits of antioxidants continue to be advocated in the context of health and disease management.
To this end, scientist evaluated the protective role of some antioxidant compounds like lycopene, selenium
(Salem et al., 2012), roselle, ginger (Amin & Hamza, 2006), hesperidin (Kaya et al., 2015) and quercetin
(Aldemir et al., 2014) against Cis-induced male reproductive system damage and sperm characteristics which all
provide partial amelioration of Cis toxicity. L-ergothioneine (L-erg) is a naturally occurring 2-thio-imidazole
amino acid which at physiologic pH, does not auto-oxidize and is therefore very stable in aqueous solution
(Melville et al., 1955). It is an excellent chelator of divalent metals and remarkably stable to strong alkali,
properties which further differentiate it from other biological thiols (Askari & Melville, 1962). In humans, L-erg
is only absorbed through consumption of plant diet, primarily by consumption of edible mushrooms and meat
(Shires et al., 1997). Several in-vitro studies have reported the antioxidant and cyto-protective ability of L-
ergothioneine (Cheah & Halliwell, 2012; Servillo et al., 2015). Presently, L-erg is radioprotective (Vanet al.,
1993), scavenges free radicals (Ishimoto et al., 2014), confers cellular homeostasis in neuronal cells (Aruoma et
al., 1999) and significantly inhibit lipid peroxidation (Kawano et al., 1983). Moreover, it has been shown that L-
ergothioneine is well-tolerated without any adverse effect on reproductive function (Forster et al., 2015).

DOI: 10.9790/3008-1401010613 www.iosrjournals.org 6 | Page



L-Ergothioneine Supplement Protect Testicular Functions In Cisplatin-Treated Wistar Rats.

In line with the antioxidant properties of L-ergothioneine and its reproductive safety evaluations, it was of
interest to determine whether it could protect testicular functions during Cisplatin administration.

1. Materials and Methods
Drugs and chemicals
Cisplatin (50 mg/ 50 ml) manufactured by Khandel Lab. Mumbai, India was purchased from Eden U-K
pharmacy in Nigeria. L-ergothioneine supplement (5 mg, 60 capsules) was purchased from Terraternal Ltd,
Santa Clara, CA. All other chemicals used in the study were of analytic grade and procured from British Drug
house (Poole, Dorset, UK).

Experimental animals

Twenty adult male Wistar rats weighing (150-230 g) were obtained from National Veterinary Research
Institute (VOM) Jos, Nigeria and were housed in Bingham University Animal Care Unit. They were maintained
under standardized conditions (12-h light/dark cycle, 27-30°C, 50-80% relative humidity), and were
acclimatized in the laboratory for 2 weeks before the commencement of the study. The rats were fed with
standard rodent diet and water ad libitum. All the animals were well-cared for according to criteria outlined in
the “Guide for the Care and Use of Laboratory Animals” prepared by the National Academy of Science and
approved by Bingham University Ethical Research Committee.

Experimental design:

After acclimatization, the rats were randomly divided into four groups of five animals each and were
treated as follows; Group | (control)- 10mL/kg distilled water orally for 14 days; Group Il (Cis alone)- distilled
water with oral gavage during 14 days and 7 mg/kg Cisplatin single injection IP on the 10th day; Group Il (L-
erg alone) - 10 mg/kg L-erg supplement orally for 14 days while group 1V (Cis + L-erg) were administered both
L-erg for 14 days and Cis was injected IP on the 10" day. Animals in group | and 111 were also injected normal
saline intraperitoneally on the 10" day and the experiment lasted for 14 days. All treatments were given once
daily between 7 am and 10 am.

Evaluation of Biochemical parameters

An hour after the last treatment, all the animals were euthanized under thiopentone sodium anesthesia
(30 mg/kg bw, ip). Afterwards, they were dissected and blood was collected from the heart via cardiac puncture
from which serum was separated. Reproductive organs (testes, prostate, epididymis and seminal vesicle were
harvested, cleared of adhering tissue and weighed. Serum samples were assayed for testosterone, FSH and LH
level using Enzyme-linked immunosorbent assay (ELISA) technique. The ELISA Kits were produced by
Fortress diagnostic Ltd and purchased from Bridge Biotech Laboratory (llorin, Nigeria). The analyses were
performed using a spectrophotometer (Jenway, 6300 spectrophotometer, UK) according to the manufacturer’s
instruction.

In addition, the level of superoxide dismutase (SOD), catalase (CAT), Glutathione peroxidase (GPx)
and malondialdehyde (MDA) were determined from the testicular homogenate using diagnostic kits purchased
from Fortress Diagnostic Limited, UK.

Semen Analysis

Progressive sperm motility:This was done immediately after the semen collection. Semen was
squeezed from the caudal epididymis onto a pre-warmed microscope slide (27°C) and two drops of warm 2.9%
sodium citrate was added, the slide was then covered with a warm cover slip and examined under the
microscope using X400 magnification. Ten fields of the microscope were randomly selected and the sperm
motility of 10 sperms was assessed on each field. Therefore, the motility of 100 sperms was assessed randomly.
Sperms were labelled as motile, sluggish, or immotile. The percentage of motile sperms was defined as the
number of motile sperms divided by the total number of counted sperms (i.e. 100) (Mohammad-Reza et al.,
2005).

Sperm viability (percentage dead sperm):This was done by adding two drops of warm
Eosin/Nigrosin stain to the semen on a pre-warmed slide, a uniform smear was then made and dried with air; the
stained slide was immediately examined under the microscope using x400 magnification. The live sperm cells
were unstained while the dead sperm cells absorbed the stain. The stained sperm were counted and the
percentage was calculated (Laing, 1979).

Sperm morphology:This was done by adding two drops of warm Walls and Ewas stain
(Eosin/Nigrosin staincan also be used) to the semen on a pre-warmed slide, a uniform smear was then made and
air-dried; the stainedslide was immediately examined under the microscope using x400 magnification (Laing,
1979). Five fields ofthe microscope were randomly selected and the types and number of abnormal spermatozoa
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were evaluatedfrom the total number of spermatozoa in the five fields; the number of abnormal spermatozoa
were expressed asa percentage of the total number of spermatozoa.

Sperm count:This was done by removing the caudal epididymis from the right testes and blotted with
filterpaper. The caudal epididymis was immersed in 5ml formol-saline in a graduated test-tube and the volume
offluid displaced was taken as the volume of the epididymis. The caudal epididymis and the 5ml formol-
salinewere then poured into a mortar and homogenized into a suspension from which the sperm count was
carried outusing the improved Neubauer haemocytometer under the microscope.

Testicular Histology

After weighing the testes, they were immediately fixed in Bouin’s fluid for 12 hours and the Bouin’s
fixative was washed from the samples with 70% alcohol. The tissues were then cut in slabs of about 0.5cm
transversely and the tissues were dehydrated by passing through different grades of alcohol: 70% alcohol for 2
hours, 95% alcohol for 2 hours, 100% and finally 100% alcohol for 2 hours. The tissues were then cleared to
remove the alcohol, the clearing was done for 6 hours using xylene. The tissues were then infiltered in molten
Paraffin wax for 2 hours in an oven at 57°C, thereafter the tissues were embedded. Serial sections were cut using
rotary microtone at 5 microns (5pum). The satisfactory ribbons were picked up from a water bath (50°-55°C) with
microscope slides that had been coated on one side with egg albumin as an adhesive and the slides were dried in
an oven. Each section was deparaffinized in xylene for 1 minute before immersed in absolute alcohol for 1
minute and later in descending grades of alcohol for about 30 seconds each to hydrate it. The slides were then
rinsed in water and immersed in alcoholic solution of hematoxylin for about 18 minutes. The slides were rinsed
in water, then differentiated in 1% acid alcohol and then put inside a running tapwater to blue and then
counterstained in alcoholic eosin for 30 seconds and rinsed in water for a few seconds, before being immersed in
70%, 90% and twice in absolute alcohol for 30 seconds each to dehydrate the preparations. The preparations
were cleared of alcohol by dipping them in xylene for 1 minute. Each slide was then cleaned, blotted and
mounted with DPX and cover slip, and examined under the microscope. Photomicrographs were taken at x40
magnifications.

Statistical analysis

All data were presented as mean + SEM. Data were analyzed by one way analysis of variance
(ANOVA), followed by Tukey-Kramer multiple comparison post hoc test. Differences in mean were considered
statistically significant at p<0.05.

I11. Results
Effect on relative organ weight
The weight of reproductive organs (testis, epididymis, prostate and seminal vesicle) was expressed as
percentage weight of the organ to that of the body weight prior sacrifice. There was no significant change
(P>0.05) in the relative reproductive organ weight of rats administered L-erg supplement (10 mg/kg B.W) for 14
days when compared with the control as well as Cisplatin alone group (table 1).

Table 1: Effect of 10 mg/kg L-ergothioneine supplement on reproductive organ weight of Cis-treated Wistar
rats after treatment for 10 days (n=5).

Organ weight Control Cis L-erg Cis + L-erg
Testis (%) 0.63+0.03 0.61+0.03 0.63+0.02 0.65+0.03
Epididymis (%) 0.29+0.01 0.29+£0.02 0.30+0.02 0.29+£0.01
Seminal vesicle (%) 0.40 + 0.06 0.34+0.03 0.49 £ 0.02 0.32+£0.02
Prostate (%) 0.13+0.01 0.17+0.03 0.16 £0.01 0.17 £0.02

Effect on sperm parameters

Table Il shows the effect of L-erg supplement on sperm characteristics. Group I\V(cis+L-erg) shows a
significant increase (P<0.05) in sperm count when compared with group Il (Cis alone) while group Il (L-erg
alone)showed an increase in sperm count when compared with control.

Group 111 (L-erg alone) showed a significant increase (P<0.05) in sperm motility when compared with
the control (group I) while Cis+L-erg (group 1V) also caused a significant increase (P<0.05) in sperm motility
when compared with Cis alone group.

Administration of L-erg alone (group I1) caused a significant reduction (P<0.05) in the percentage of
abnormal sperm cells when compared with control (group 1) while Cis+L-erg (group IV) also caused a
significant decrease (P<0.05) when compared with (Cis alone group I1).
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L-erg alone (group Il1) reduces the percentage of dead sperm cells when compared with control (group I)
however not significant but Cis+L-erg (group V) showed a significant decrease (P<0.05) in the percentage of
dead sperm cells when compared with Cis alone (group I1) group.

Table I1: Effect of 10 mg/kg L-ergothioneine supplement on sperm characteristics of Cis-treated Wistar
ratsafter treatment for 10 days (n=5; "P<0.05 compared with control; “P<0.05 compared with Cis alone group).

Sperm characteristics Control Cis L-erg Cis + L-erg
Count (x10%/ml) 6.28 +0.33 5.64 +0.28 6.92 +0.18 6.64 +0.32°
Motility (%) 49.00 +3.30 39.00 + 2.45 67.00 +3.00° 60.00 + 7.58"
Abnormal morphology (%) 17.00 + 2.00 24.00 +2.45 9.00 +1.00" 16.00 + 2.45"
Dead cells (%) 20.00 + 4.47 38.00 +4.89 17.00 + 2.00 24.00 +2.91°

Effect on lipid peroxidation and antioxidant status

Table 111 shows the effect of 10 mg/kg L-erg supplement on the levels of MDA, SOD, CAT, and GPx
in testicular tissue respectively. The result shows that 7 mg/kg Cisplatin treatment lead to a significant increase
(P<0.05) in MDA levels and significantly decreases (P<0.05) the level of SOD, CAT and GPx when compared
with control and other groups respectively. However, administration of L-erg together with Cis significantly
reduces (P<0.05) the level of MDA and also caused a significant increase (P<0.05) in the level of SOD, CAT
and GPx when compared with Cis alone group. Also, L-erg supplement significantly increase (P<0.05) SOD
and CAT while it significantly decrease MDA level when compared with the control group.

Table I11:Effect of 10 mg/kg L-ergothioneine supplement on lipid peroxidation and antioxidant enzymes in Cis-
treated rats after treatment for 10 days. (n=5; "P<0.05 compared with control; P<0.05 compared with Cisalone

group).
Biochemical indices Control Cis L-erg Cis + L-erg
MDA (umol/ml) 5.42 £ 0.63 14.07 £1.297 291+0.25" 7.63+0.73"
SOD (1U/ml) 1.13+£0.07 0.79£0.03" 1.38 £0.05 1.13 £ 0.06"
CAT (umol/min/ml) 8.48 £ 1.24 3.92+0.61" 21.68+0.38" 19.16 + 2.41°
GPX (1U/ml) 0.57 £0.01 0.52 +0.01* 0.57 +0.01 0.56 +0.01%

Effect on reproductive hormones

The serum level of testosterone was significantly (P<0.05) reduced by cisplatin. However, serum level
of testosterone was not significantly affected when treated with L-erg supplement alone as compared with the
control but it was able to prevent the reduction in testosterone level when co-administered with cisplatin (figure
1). The serum level of FSH and LH were not significantly affected by both cisplatin and L-erg supplement when
compared to control (figure 2).

Figure 1: Effect of 10 mg/kg L-ergothioneine supplement on serum concentration of testosterone after
treatment for 10 days.(n=5; P<0.05 compared with control).
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Figure 2: Effect of 10 mg/kg L-ergothioneine supplement on serum concentration of FSH and LH after
treatment for 10 days. (n=5).
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Effect on testicular histology

Plate 1(A-D) shows photomicrograph of testicular section stained with H&E at x40. Photomicrograph
of the testis shows the following changes. The control group (A) presented testis with normal arrangement of the
germinal epithelium, seminiferous tubules and interstitial cells. Cis alone group (B) presented with severe
necrosis, degeneration of interstitial cells and loss of matured germinal cells. L-erg alone (C) presented with
similar testicular arrangement similar to the control with no visible lesion while Cis+L-erg (D) shows mild

derangement of the spermatogenic series and germinal epithelium. The lesions induced by Cis were
substantially recovered by L-erg pretreatment.
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IV. Discussion

In this study, it was demonstrated that Cis treatment had no significant effect on the percentage
reproductive organ weight similar result was reported by Beytur and colleagues in 2012. This could be due to
the sensitivity of rats and duration of drug treatment (Beytur et al., 2012). It was also observed that
administration of L-erg supplement had no significant effect on the reproductive organ weights. This result
suggests that L-erg supplement was not toxic to the rats because change in relative or absolute weight of an
organ after drug administration is an indication of the toxic effect of the drug (Maina et al., 2008). It could also
be due to the absence of androgenic property in this compound, since androgens possess anabolic activities
(Johnson & Everitt, 1998). In addition, the weight of male reproductive organs usually provides a useful
fertility/reproductive risk assessment in experimental studies (Raji et al., 2005c). Testicular size is the best
primary assessment for spermatogenesis since the tubules and germinal elements account majorly for the
testicular weight (Sherines & Howard, 1978). Findings from this study shows that L-erg was able to prevent the
reduction in weight when co-administered together with Cis although not significant which implies that L-erg
could be a protective adjuvant to protect testicular function during Cisplatin chemotherapy.

Previous studies about the oxidative status of the testis indicated that L-erg administration reduces lipid
peroxidation and enhance antioxidant enzyme activities (Guijarro et al., 2002, Cheah & Halliwell, 2012). Also,
our result, shows that L-erg supplement decreases lipid peroxidation in rat testis when administered together
with Cis as shown by the significant reduction in MDA level in Cis+L-erg treated group when compared with
Cis alone group. Excess production of free radicals can cause lipid peroxidation because lipids are the most
important component of cell membrane. L-erg treatment also enhance the antioxidant enzymes activity in the
testis by significantly increasing the level of SOD, CAT and GPx level in Cis+L-erg group compared with Cis
alone group. This could be due to the antioxidant activity of this natural compound; several in-vitro and few in-
vivo experiments have reported its antioxidant efficacy against different stressors (Guijarro et al., 2002; Jang et
al., 2004). Previous studies reported that L-erg scavenges certain reactive oxygen species (ROS) and bind
transition metal ions (Halliwell & Gutteridge, 2015; Servillo et al., 2015). Antioxidant and related effects of L-
erg on cell culture have also been demonstrated (Markova et al., 2009; Ishimoto et al., 2014). Grundemann and
colleagues in 2005identified a Na*-dependent transporter for L-erg, the organic cation transporter novel, type 1
(i.e. OCTNL1) which is present in a wide range of animal tissues suggests that animals may gain benefit from
obtaining L-erg and retaining it in their tissues (Grundemann et al., 2005). It has also been shown that L-erg
concentration increases in tissue exposed to oxidative stress suggesting a protective role of this compound
against oxidative damage (Paul & Snyder, 2010).

It was also observed that L-erg co-administered with Cis prevents spermatological dysfunctions by
increasing sperm count and motility as well as reducing percentage abnormality and dead sperm cells
significantly when compared Cis alone group. All these indices were negatively affected by Cis treatment in this
study as confirmed by the reports of previous findings (Rezvanfar et al., 2013; Aksu et al., 2015). It has been
reported that Cisplatin induces reproductive toxicity via the production of ROS causing damage in body cells by
impairing macromolecules such as polyunsaturated fatty acids in membrane lipids and proteins in cell
membranes (Salem et al., 2012; Harman & Richburg, 2014). The damage induced by ROS in the sperm cell
membrane may be the cause of death, abnormality and motility loss. It has been demonstrated that
spermatological parameters such as progressive motility, sperm cell density and morphology of spermatozoa are
in close relation to each other. Thus, factors that adversely affect one of them will also alter other parameters
(Bonde et al., 1996). L-erg supplement significantly reduced oxidative stress by decreasing MDA levels and
increasing SOD, GPx and CAT activities. Thus, protecting against Cis-induced spermatologic damages.

Hormones play a vital role in initiating and maintenance of male reproductive function (Meeker et al.,
2007a) and it is known that gonadal dysfunction is one of the most common side effects of chemotherapy
(Desantis et al. 1999) affecting both the endocrine and exocrine compartments of the testis (Spermon et al.,
2006). In this study, it was observed that L-erg supplement has no significant effect on the serum concentration
of reproductive hormones (Testosterone, FSH and LH) when compared with the control group but was able to
prevent the significant reduction in testosterone level caused by Cisplatin when administered together. It has
been reported that Cis cause damage to the Leydig cells (Vawda, 1994), so that testosterone production is
hampered. Thus, L-erg supplement enhanced the steroidogenic activity of the testis thereby ameliorating the
detrimental effect of Cis on testosterone. The increased levels of LH with a decreased serum testosterone levels
indicates malfunctioning of leydig cells and invariably impairment of endocrine function (Hansen et al. 1990;
Howell & Shalet, 2001). The increased levels of LH and FSH observed could be ascribed to the feedback
mechanism through which the gonadotropins helps to reinstate normal testosterone levels (Nijman et al. 1987).
The histological evaluation of the testis revealed that Cis caused significant alterations in the cyto-architecture
of the testicular tissue which was in agreement with previous studies (Trivedi et al., 2011; Ataman et al., 2015).
However, L-erg supplement prevented the degenerative changes induced by Cisplatin. Furthermore, L-erg
supplement shows a normal histological arrangement similar to the control when administered alone. It was able
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to prevent these damages via its antioxidant, cytoprotectant and steroidogenic ability thereby hindering the
processes of peroxidation of the polyunsaturated fatty acids in the membrane of testicular tissues, protecting the
seminiferous tubule and leydig cell, thereby maintaining the integrity of the testis.

IV. Conclusion
This study has demonstrated that L-ergothioneine supplement significantly protect the testes against
Cis-induced testicular toxicity by enhancing the antioxidant enzyme activities, reducing lipid peroxidation and
maintaining the steroidogenic enzyme activity in the testis. These result suggest that supplementation of L-erg
could be beneficial to male cancer patient undergoing Cisplatin chemotherapy.
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