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              Impotency in men is one of the most extensive disputed areas in association to 

medicine (Jamsai et al., 2011).Various determinants are accounted for such botheration viz., 

natural origin (toxic pollutants) or acquired (food and drugs). Cadmium (Cd) has been 

considered as one of the most noxious pollutants in the biosphere (Goyer et al., 2001). 

Exposure of Cd due to numerous industrial and environmental pollution effects has lead to a 

tremendous health issues conceiving a broad series of biochemical and physiological 

disintegration in humans and laboratory animals (Santos et al., 2004).  

         Cd can accumulate in the body for up to 40 years, thereby, causing dangerous human 

health complications in a comprehensive way (Wang et al., 2016). Cd causes reproductive 

competence by enhancing testicular dysfunction, malicious testicular deterioration, necrosis, 

seminiferous tubular damage and condensed androgen secretion in rats (Xu et al., 2005; Yari 

et al., 2010). The risk of Cd decay augmented due to its long biological half-life (17–30 

years), ensuing the accumulation and relentless injurious possessions (Shukla et al., 2009). 

       Certainly, the International Agency for Research on Cancer has classified Cd as one of 

the known human mutagen in 1993 (IARC, 1993) and it has been ranked the 7th toxicant in 

the Priority List of Hazardous Substances of the Agency for Toxic Substances and Disease 

Registry (ATSDR, 2007). Experimentally, it has been identified that cadmium is detrimental 

to both the reproductive and immune systems furthermore, to its nephrotoxicity and 

hepatotoxicity (Ogawa et al., 2013). Also, recent studies have confirmed that acute CdCl2 

exposure causes a significant reproductive injury in male rats through diverse assets 

(Oguzturk et al., 2012). 

1.1.CADMIUM TOXICITY IN TESTIS  

          Testicular injury is among the lethal effects of CdCl2 exposure causing alarming 

ramifications viz., blood–testis barrier disruption, germ cell loss, testicular oedema, 

haemorrhage, necrosis, infertility and sterility in mammalians such as rodents (Deng et al., 

2010). It has also been thought that the development of testicular tumors in rats is related to 

the chronic degenerative effects of cadmium in this tissue, resulting in loss of androgen 

production and a subsequent overstimulation of remnant testicular cells by the pituitary 

(Waalkes et al., 1997).  

            Cd negatively affects the reproductive functions and revelation to Cd toxicity has led 

to the impairment in testicular function, mechanisms of which causes damage to the vascular 

endothelium, leydig and sertoli cells, intercellular connections, the induction of oxidative 



 

stress, impaired antioxidant defense mechanisms and the severity of the inflammatory 

response ultimately leading to a morphological and functional changes in inhibition of 

testosterone synthesis and spermatogenesis impairment (Goyer et al., 2004). Various 

demonstrations have been made that exposure to cadmium causes harmful effects in the testes 

and subsequent infertility in experimental animals (Fouad et al., 2015). Experimentally, it has 

been shown that disclosure to low dose of CdCl2 induces no significant interruption in 

spermatogenesis, but, it does elevate the immunological microcircumstances in the testis, 

leading to increased susceptibility in testicular autoimmunity (Ogawa et al., 2013). 

Previously, some studies have shown that Cd causes infertility by impairment in 

spermatogenesis (Yari et al., 2016), seminiferous tubular atrophy, decreased pipe diameter, 

spermatogonial stem cells falling off the inner lining and reduced germ cell layers of 

disorderly arrangements in cadmium-treated rats hematoxylin and eosin stained testicular 

sections (Wang et al., 2016). Also, recently it has been proved that successful 

spermatogenesis and the attainment of optimal sperm function requires protection from 

increased levels of oxidative stress (Correia et al., 2017).  

1.2.CADMIUM AND OXIDATIVE STRESS  

          Oxidative stress manifest in the aetiology of many diseases and male sterility is not an 

exception. Oxidative stress is one of the major threats for inducing germ cell apoptosis 

(Tremellen, 2008) and it is also the major harmful factors responsible for male reproductive 

function causing male sterility because of its harmful effects on the developing germ cells 

and sperm function [fig.1] (Aitken et al., 2011) . Reactive oxygen species (ROS) play a major 

role in spermatogenesis and reproduction. Conversely, firm physiological conditions which 

may be induced by inflammation, obesity or toxins aggravate the production of these species 

culminating in sperm DNA damage (Malik et al., 2017). The specific role of ROS in the 

activation of signal transduction pathways involved in defence mechanisms during Cadmium 

stress, still needs to be clarified. Therefore, in order to counteract the damaging ROS, aerobic 

cells are provided with extensive antioxidant defence mechanisms consisting mainly of 

antioxidant enzymes and small molecule antioxidant (Khojastehfar et al., 2014). 

            The oxidative stress that arises in cells exposed to cadmium weakens their antioxidant 

defense mechanisms, significantly increasing the lipid peroxidation level while decreasing 

the glutathione-SH-related proteins and changes antioxidant enzyme activity, activates proto-

oncogenes leading to excessive production of protein products that stimulate cell proliferation 

in testis of Cd-treated rats. Experimentally, it has also been proved that Cd-treated rats had 



 

significantly reduced sperm count, motility, sialic acid, luteinising hormone and testosterone 

relative to controls (Adaramoye et al., 2016). However, successful spermatogenesis and the 

achievement of optimal sperm function require protection from increased levels of oxidative 

stress (Correia et al., 2017).  Some studies have also proved that oxidative stress also induces 

apoptosis in vitro (Angenard et al., 2010) and in vivo. Furthermore, Cd has been revealed to 

increase the expression of the proapoptotic member B cell- lymphoma (Bcl)-2-associated X 

protein (Bax) and of caspase- 3 and to reduce expression of the antiapoptotic Bcl-xL (Bu et 

al., 2011). Recently, it has also been shown that the immunohistochemical studies of the Cd-

induced testicular tissue possessed positive immunostaining for the increased level of TNF- , 

but decreased number of proliferating cell nuclear antigen (PCNA) stained cells (Mohammed 

et al., 2017). The increased production of luteinizing hormone (LH) and follicle-stimulating 

hormone (FSH) allows the synthesis of cholesterol by activating the enzymes of cholesterol 

biosynthesis, including cholesterol ester hydrolase. Furthermore, LH and FSH production 

regulates the uptake of cholesterol esters (Alkhedaide et al., 2016). 

         Numerous approaches have been made therapeutically to tackle the toxic effects of Cd. 

Some of the plant species such as Moringa oleifera leaf extract (Mallya et al., 2017), Physalis 

peruviana L. (Mohamed et al., 2014) and antioxidants such as kolaviron and quercetin 

(Farombi et al., 2012) were found to be effective in reducing Cd-induced tissue damages, 

including the testes by rejuvenating spermatogenesis. 
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Fig. 1: The consequence and mechanism of induction of oxidative stress in male 

infertility. 

1.3.Ellagic Acid a flavonoid 

Ellagic acid, a member of flavonoids (EA; C14H6O8; MW: 302.202; 3,7,8-

tetrahydroxy[1]-benzopyrano[5,4,3-cde][1] benzopyran-5,10-dione) found in various berries 

and plants (Wang et al., 2017) has been in identification mostly due to its potential 

antioxidant activity (Syed et al., 2017), radical scavenging capacity, chemopreventive  and 

antiapoptotic (Ceribasi et al., 2010; Turk et al., 2010) properties. It is believed that EA 

functions contradictory to the negative effects of oxidative stress by directly acting as an 

antioxidant or by activating ⁄ inducing cellular antioxidant enzyme systems (Atessahin et al., 

2010). The no-observed-effect level (NOEL) is estimated to be 5% (3011 mg/kg b.w./day) for 

males and the no-observed-adverse-effect level (NOAEL) and NOEL in females will be 

estimated to be 5% (3254 mg/kg b.w./day) and <1.25% (778 mg/kg b.w./day), respectively 

(Tasaki et al., 2008).  

1.4. Ellagic Acid (EA) an antiproliferating phytochemical 

             It is known that EA has been one of the most intoxicating flavonoid that is in wide 

use across countries. Many flourishing studies have been conducted to prove its potentiality 

in improving the grievances of some inefficient phytochemicals (Zhao et al., 2013; Farbood 

et al., 2015; Yousef et al., 2016). Investigations on the influential effect as an 

antiproliferating agent also has been made which elucidates that EA is a promising 

therapeutic to improve the cell proliferation by down-regulating the expression of PCNA 

(Syed et al., 2014; Syed et al., 2015; Wang et al., 2016; Cheng et al., 2017 ). 

On the other hand, some studies are believed to have failed the antioxidant therapy in 

limiting cadmium induced testicular damage (Alkhedaide et al., 2016). Hence, the present 

study was designed to investigate the protective role of EA in cadmium induced testicular 

toxicity. However, to date, there is no available information on the impact of EA on testicular 

toxicity after Cd exposure in rats. Therefore, the aim of the present study was to investigate 

whether ellagic acid (EA) has protective effect on cadmium chloride (CdCl2)-induced 

testicular and spermatozoal toxicity associated with the oxidative stress.  

 

 



 

 

 

 

 

 

 

 

 

 

II. REVIEW OF LITERATURE 

 

 

 

 

 



 

2.1. The Anticarcinogenic Influences Of Ellagic Acid On Cadmium-Induced Testis 

Injury 

             Cadmium is a commonly used chemical in agricultural and industrial operations and 

is released into the environment causing atmosphere, soil, and water pollution. It can 

accumulate in the body for up to 40 years, thereby, affecting the human health over an 

extensive period of time (Wang et al., 2016). There has been a rush in Cd pollution of the 

environment partially due to urbanization, eventually leading to the increase in Cd-related 

diseases because of the disclosure in human beings (Adaramoye et al., 2016).  Phenolic 

phytochemicals such as ellagic acid (EA) are important components of fruits and vegetables 

and are partly conscientious for their beneficial health effects against oxidation-linked 

chronic diseases such as cancer and cardiovascular diseases (Atessahin et al., 2010). Ellagic 

acid (EA) has received particular attention because of its wide array of biological properties 

(Tasaki et al., 2008). Previous studies observed that EA significantly improved the damages 

in sperm parameters, oxidant/antioxidant balance and testicular apoptosis induced by 

chemotherapeutics such as cisplatin (Turk et al., 2008) and cyclophosphamide (Turk et al., 

2010a).  

           Experimentally, it is known that cadmium is toxic to both the reproductive and 

immune systems, in addition to its nephrotoxicity and hepatotoxicity (Ogawa et al., 2013). 

Some investigations have shown that Cd can provoke oxidative stress and apoptosis of germ 

cells (Khojastehfar et al., 2014). It is determined that acute CdCl2 exposure causes a 

significant reproductive damage via increased oxidative stress (increased TBARS levels and 

decreased SOD, CAT, GPx and GSH levels), histological alterations (necrosis, oedema etc.) 

and spermatological damage (decreased sperm motility and sperm concentration and 

increased abnormal sperm rate) in male rats (Oguzturk et al., 2012) . Several agents have 

been reported to mitigate Cd-induced toxicity in testis (Jahan et al., 2014). The formation of 

multinucleated giant cells in Cd-intoxicated rats suggests continuous deterioration of 

spermatogenic epithelium and appears to represent a distracted reaction to injury (Ponnusamy 

and Pari, 2011). Also, exposure to low dose of CdCl2 induces no significant disturbance in 

spermatogenesis, but, it does change the immunological microcircumstances in the testis, 

resulting in increased susceptibility to testicular autoimmunity (Ogawa et al., 2013). So, in 

order to neutralize the damaging ROS, aerobic cells are provided with extensive antioxidant 

defence mechanisms consisting mainly of antioxidant enzymes (e.g., superoxide dismutase, 

glutathione peroxidase etc.) and small molecule antioxidant (e.g., glutathione, N-acetyl-



 

cysteine, vitamin E and vitamin C). In view of the above-mentioned, the expedition for safer 

and active agents that can alleviate cadmium-induced pathologies is required.  

 2.2. Antigenic Influences Of Cadmium And Ellagic Acid 

          Bax is a proapoptotic marker, which is increased in the early stages of intoxication and 

disease. Conversely, Ki-67 expression is a marker for cell proliferation. High expression of 

Ki-67 has been reported in cells during G2 and early M stages of cell growth. The resultant 

effect of the study confirmed that Bax marker was increased in the spermatogenic cells of the 

CdCl2-treated group, while Ki67 was decreased (Alkhedaide et al., 2016). Experimental 

studies have also shown that, CdCl2 intoxication increases the expression of pro-apoptotic 

proteins p53 and Bax, while reducing the expression of Bcl-2, an anti-apoptotic protein. 

CdCl2 induced concomitant increases in expression of P53 and Bax but led to decreased 

expression of Bcl-2, suggesting their important roles in testis damage, apoptotic cell death 

and decreased semen parameters elicited by CdCl2 (Eleawa et al., 2014). The expression of 

PCNA, a nuclear protein mostly involved in the replication and in the DNA repair machinery 

was found to be associated with the cell proliferation process (Shivaji et al., 1992). Exposure 

of immunostaining in PCNA in the testis was considered as a proliferative marker for the 

efficiency of spermatogenesis, thereby, initiating the study of PCNA to quantitatively analyze 

the spermatogenesis status (Agarwal et al., 2003). 

           Hence, in the light of prospective antioxidant activity of flavonoids, we hypothesized 

that prophylactic treatment of EA may have protective effects against CdCl2 induced on 

testicular toxicity by interfering with pathogenetic pathway and oxidative processes. 

Therefore the present study will be undertaken to investigate the protective role of EA against 

CdCl2 induced deteriorated epididymal sperm characteristics, damaged oxidant/antioxidant 

balance and testicular apoptosis in rats. 

 

 

 

 

 



 

 

 

 

 

 

III. OBJECTIVES 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

To evaluate the protective effect of ellagic acid against cadmium -

induced testicular toxicity in rats with respect to:- 

 Oxidative stress (MDA) and antioxidant enzymes (SOD, 

GST, GSH) concentrations. 

 Sperm quality and serum hormone (LH, FSH, estradiol 

and testosterone) analyses. 

 Histopathological analysis and DNA damage detection. 

 Assessment of modulation of steroidogenic, apoptosis, 

cell proliferation and cytoprotection activities by 

immunohistochemical, Western blotting and RT-PCR. 

 

 

 

 

 

 



 

 

 

 

 

IV. MATERIALS AND METHODS 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

4.1. CHEMICALS AND DRUGS 

Cadmium Chloride (GLS pharma Ltd., Hyderabad) was purchased from a local drug store, 

whereas Ellagic acid >98.0% purity was obtained from Tokyo Chemical Industry (TCI) Co., 

Ltd., Ethanol, disodium phosphate (Na2HPO4), Hydrogen peroxide (H2O2), dipotassium 

hydrogen phosphate (K2HPO4), Potassium di-hydrogen phosphate (KH2PO4) and 

carboxymethyl cellulose were procured from MERC, India Ltd., Mumbai, whereas 1-chloro-

2,4 dinitrobenzene (CDNB), phenazinemethosulfate, nitrobluetetrazolium, sodium pyruvate, 

cumenehydroperoxide, thiobarbituric acid, -5’-dithiobis [2-nitrobenzoic acid](DTNB), 5-

thionitrobenzoic acid, tert-butyl-hydroperoxide and nicotinamide adenine dinucleotide 

(NADH) were supplied by the Sigma Aldrich Chemical Company, Kolkata, India, etc. 

4.2. Glasswares, Equipment, Other Materials Required 

                 The following glasswares listed below were used during experimentation were test 

tubes, conical flasks, beakers, centrifuge and micro-centrifuge tubes, petridishes, measuring 

cylinders, pipette tips etc. The following equipments were used through the study: 

Spectrophotometer, Electronic balance, Micropipettes, Centrifuge, Vortex machine, 

Homogenizer, Water bath, Refrigerators, Flat spin, Thermometer, etc. Other materials 

required are scissors, dissecting box and tray, scalpel, forceps, syringes, cotton etc. 

 

   

Fig.2: (A) Electronic weighing balance, (B) Micropipettes and (C) Ellagic Acid drug. 

4.3. Animals and experimental design 

The animal care and handling was done according to the guidelines approved by the Animal 

Ethics Committee of Mizoram University, Aizawl, India (MZUIAEC 17-18/1). Usually, three 

months old male Wistar rats (150 - 180 g) was procured and maintained under the controlled 

conditions of temperature (23 ± 2°C), humidity (50 ± 5%) and 12 h of light and dark cycle, 

C B A 



 

respectively. The animals had free access to the standard food and water. The animals were 

divided into four groups where six animals each were housed in a polypropylene cage 

containing wood powder (procured locally) as bedding throughout the experiment:  

Group I: Control where the animals were given any treatment.  

Group II: Cadmium Chloride alone (5 mg/kg b.wt of cadmium chloride in distilled water for 

30 and 60 consecutive days) (Alkhedaide et al., 2016). 

Group III: Ellagic acid alone (2 mg/kg b.wt. of ellagic acid in alkaline solution) (Atessahin 

et al., 2010).  

Group IV: CdCl2+Ellagic acid (5 mg/kg b.wt. of cadmium first and then 2 mg/kg b.wt. of 

ellagic acid administration). 

The animals from all groups were sacrificed after 60 days CdCl2 and ellagic acid 

administration.  

4.4. Water consumption 

                Preweighed food was provided in standard stainless steel hoppers. The amount of 

food remaining, including any on the bottom of the cages was recorded. Intake was calculated 

as the weight (in grams) of food provided less that recovered for working weeks. Water 

consumed was also monitored twice a week during the baseline and during working weeks by 

measuring the initial and final volume of water. 

4.5. Body weight Gain/decrease of animals 

                 The animals were weighed twice a week and changes in weight of rats were noted 

individually, to note the differences in between the control and experimental samples. 

                 The organs weight: On the day after the end of treatment, animals were weighed 

and sacrificed by decapitation. The liver, right kidney, right testis, epididymis, vas deferens, 

ventral prostate, and seminal vesicle (without the coagulating gland, full and empty of 

secretion) were removed and their weights were determined. 

 

 



 

4.6. Organ weight Index 

Relative organs weight was calculated as:  

Organ Weight/Body Weight×100 

4.7. Rectal temperature 

 The effect of the treatment doses of all groups on rectal temperature were assessed twice a 

week throughout the study. Rectal temperatures were measured using a digital thermometer 

with beeper, inserted 1 cm into the rectum and the temperature is allowed to stabilise for 1 

min approximately. 

4.8. Experiment 1: Biochemical analysis of Oxidative stress and Enzymatic Antioxidant 

status. 

4.8.1. Tissue samples 

After blood collection, all rats were rapidly sacrificed and the liver and kidney were 

immediately excised, weighed and blotted dry. A known weight of each of liver and kidney 

were stored at -20
o
C for biochemical analysis. The specimens of each organ (kidney, liver 

and testis) were homogenized with tissue homogenizer individually to make 10% of lipid 

peroxidation, superoxide dismutase (SOD) activity and reduced glutathione (GSH). The 

homogenates were prepared for analysis by centrifugation at 18000 rpm (4
o
C) for 30 minutes 

and the supernatant was kept for biochemical analysis. 

4.8.2. Lipid Peroxidation (LOO) 

The lipid peroxidation assay is based upon the formation of a red adduct (absorption 

maximum 532 nm) between TBA and malondialdehyde (MDA), a colourless end product of 

lipid peroxide decomposition (Janero, 1990). Lipid peroxidation was measured according to 

standard protocol (Satoh et al., 1978). The tissue homogenate was precipitated by the addition 

of trichloroacetic acid (15%) followed by the addition of 0.5 ml of thiobarbituric acid (0.8%). 

The mixture was incubated at 95°C for 25 minutes. The mixture was allowed to cool to room 

temperature and centrifuged at 8000 rpm. The supernatant was collected and the absorbance 

was read at 540 nm against the blank in a UV-VIS spectrophotometer. The concentration of 

thiobarbituric acid reactive substance was read from the standard calibration curve, which 



 

was plotted using 1, 1, 3,3tetraethoxypropane. The lipid peroxidation is represented as nM 

TBARS/mg protein. 

4.8.3. Glutathione (GSH) 

            The general thiol reagent, 5-5’-dithiobis DTNB (Ellman’s Reagent) reacts with GSH 

to form the chromophore, 5-thionitrobenzoic acid (TNB) and GS-TNB which can be detected 

at 412 nm. The GS-TNB is subsequently reduced by glutathione reductase and β-

nicotinamide adenine dinucleotide phosphate (NADPH), releasing a second TNB molecule 

and recycling the GSH; thus amplifying the response. Any oxidized GSH (GSSG) initially 

present in the reaction mixture or formed from the mixed disulfide reaction of GSH with GS-

TNB is rapidly reduced to GSH.  

The glutathione (GSH) contents were determined by the method of Moron et al., 

(1979). Briefly, the cell homogenate was mixed with 25% TCA to precipitate proteins, 

centrifuged and the supernatant was collected. The supernatant was mixed with 0.2M sodium 

phosphate buffer (pH 8) and 0.06 mM DTNB. The solution was incubated for 10 minutes at 

room temperature. The absorbance of the samples was read against the blank at 412 nm with 

a double beam UV-VIS spectrophotometer and the GSH concentration was calculated from 

the standard curve. 

4.8.4. Glutathione-S-Transferase (GST) 

              Glutathione-S-transferase catalyses the reaction of CDNB with the –SH group of 

glutathione. Upon conjugation of the thiol group of glutathione to the CDNB substrate, there 

is an increase in the absorbance at 340 nm. The rate of increase is directly proportional to the 

GST activity of the sample. 

Glutathione-S-transferase (GST) was estimated by the method of Habig and Pabst 

(1974). Briefly, the liver homogenate was mixed with 0.1 M potassium phosphate buffer, 

CDNB and 10 mM GSH, and incubated for 10 minute at 37 Co. The absorbance was read 

against the blank at 340 nm using a double beam UV-VIS spectrophotometer. 

4.8.5. Superoxide Dismutase (SOD) 

The assay of SOD is based on the inhibition of the formation of NADH-phenazine 

methosulphate-nitroblue tetrazolium formazan. The colour formed at the end of the reaction 

can be extracted into butanol and measured at 560 nm. 



 

Briefly, the cell homogenate was mixed with reagent consisting of phenazene- 

methosulphate, nitroblue tetrazolium and NADH, and incubated for 90 seconds at 30°C and 

the reaction was stopped by adding acetic acid and n-butanol. Blank was prepared by adding 

the reagent without the sample and incubated for 90 seconds at 30°C and the reaction was 

stopped adding acetic acid and n-butanol. The absorbance of sample was measured against 

the blank at 560 nm in a UV-VIS spectrophotometer. The percent inhibition was calculated 

by measuring the absorbance of blank without SOD enzyme and the sample as follows: 

Activity= Sample – Blank/Sample X 100 

4.9. Experiment 2: Sperm Anaysis and Serum Hormone Assay. 

4.9.1. Sperm analysis 

4.9.1a. Sperm count and motility assay 

The epididymal sperm suspension was prepared in 1 ml of phosphate buffered saline (PBS) at 

pH 7.2. An aliquot from the suspension (1 ml) was diluted in a ratio of 1:40 with PBS. A 

sample of the diluted suspension was charged into a hemocytometer. The total sperm count in 

eight squares (except the central erythrocyte area) of one mm
2
 each was determined and 

multiplied by 5×10
4
 to get the total count (Bairy et al., 2010). Then the same eight squares 

were also examined for motile sperms and the percentage of motile sperms were recorded 

(Narayana 2008). 

4.9.1b. Determination of daily sperm production and testicular sperm number 

To evaluate the daily sperm production in testes, spermatozoa were counted as per the 

standard protocol of Robb et al. (1978). Briefly, after the testes have being removed and 

weighed, they were homogenised for 3 min in 25 ml of physiological saline containing 0.05% 

(v/v) Triton X-100. Then, 5.5 µl of sample aliquots was placed on the haemocytometer and 

counted twice at 100X magnification microscope to determine the average number of 

spermatids per sample. These values were used to obtain the total number of spermatids per 

testis, and this number was then divided by the testes weight to give spermatids per gram of 

testes. Developing spermatids spend 4.61 days in rats. Thus, the values for the number of 

spermatids per testis were divided by 4.61 to obtain daily sperm production. Motile sperm 

cells were counted and the percentage was calculated. 

 



 

4.9.1c. Sperm Abnormality 

The technique of Wyrobek et al. (1984) was adopted for sperm abnormality. To 

evaluate the sperm abnormalities, the sperm suspension was stained with eosin, dropped on 

slides to determine the motility, abnormality (using Olympus microscope by objective (40×). 

Abnormality was classified in head and tail. Abnormal sperm cells were counted and the 

percentage was calculated. To assess motility, the sperms were classified as motile sperm (M) 

and non-motile (NM).  

4.9.2. ELISA for Serum LH, FSH and testosterone 

           Follicle-stimulating hormone (FSH), luteinizing hormone (LH) and testosterone were 

studied in serum by ELISA. The samples were analyzed in duplicate and the manufacturers’ 

protocols were carefully followed. The mean absorbances were obtained and correlated with 

those from standard curves. The data were expressed in IU/L for FSH and LH and nmol/L for 

testosterone. 

4.10. Experiment 3: Histological and Sperm DNA damage analysis. 

4.10.1. Histological studies 

            The testes tissues were removed and fixed in bouin’s fluid. The tissues were then 

dehydrated in different grades of alcohol, embedded in paraffin wax. Sections (5 μM) were 

then cut using a microtome and processed for general histological staining using hematoxylin 

and eosin stain (Sigma-Aldrich), based on previously stated protocols (Bancroft and Gamble, 

2002). The sections were examined under a light microscope. All tubular sections in one 

section of the testicular biopsy are evaluated systematically and each given a score from 1-10 

according to the listed criteria (Johnsen, 1969). 

4.10.2. Morphometric evaluation of seminiferous tubules 

             From each section, seminiferous tubule diameter and area (essentially from circular 

tubular cross sections) was determined using pre-calibrated measuring eyepiece. The sections 

were then examined at X400 and X1000 magnifications and measurements were made using 

the software (NIS-Elements, Basic Research, Tokyo, Japan). About 20 sections of 

seminiferous tubules that were round or nearly round were chosen randomly and measured 

for each group. The tubular diameter was measure at X400 magnification. The diameter of 



 

the seminiferous tubule was measured across the minor and maor axes and the mean diameter 

was obtained.  

4.10.3. DNA damage detection- Acridine orange stain 

            Sperms with normal DNA fluorescence inhibit green colour and those with abnormal 

DNA fluorescence red or yellow. It is important to score DNA normality immediately after 

staining (Tejeda et al., 1984). 

4.11. Experiment 4: Immunohistochemical and Western blot analysis. 

4.11.1 Immunohistochemistry 

             For immunohistochemistry detection, testes sections (5 μm) were deparaffinized in 

xylene and dehydrated in various ascending concentrations of ethanol. The endogenous 

peroxidase activity was blocked with 3%/ 0.03% H2O2 in absolute methanol for 15 min. 

Blocking of non-specific binding will be conducted using normal horse serum 

(Sigma-Aldrich) for 20 min at room temperature. Subsequently, the testicular sections were 

incubated with the following primary antibodies overnight: 1) Anti-B-cell lymphoma 

2-associated X protein (Bax), 2) Anti-Bcl-2 (B-cell lymphoma 2) and 3) anti-PCNA at 

dilutions of 1:1000 for each antibody in phosphate-buffered saline (PBS). After removal of 

the unbound primary antibodies by rinsing with PBS, slides were incubated with a specific 

dilution of biotinylated antigoat secondary antibody. Bound antibodies were detected with 

avidin-biotinylated peroxidase complex ABC-kit Vectastain, and the chromogen 3,3′-

diaminobenzidine tetrachloride (DAB) was used as substrate. After appropriate washing in 

PBS, slides were counterstained with hematoxylin and images were viewed microscopically 

and captured. All sections were incubated under the same conditions with the same 

concentration of antibodies and at the same time; so, the immunostaining was comparable 

among the different experimental groups.  

4.11.2. Western blotting 

              The protein extraction from the testis homogenate was conducted following the 

method of Cifuentes et al. (Cifuentes et al., 2005) and western blot analysis was performed as 

previously described (Roy VK., 2011). In brief, a 20% homogenate (w/v) of adipose tissue 

was made in suspension buffer containing 0.1 mol l
–1 

NaCl, 0.01 mol l
–1 

Tris-HCl (pH 7.6), 

0.001 mol l
–1

 EDTA (pH 8.0) and 10 µg ml
–1

 phenylmethylsulfonyl fluoride. The 

homogenate was centrifuged at 5000 g, 4°C for 15 min; the supernatant was extracted with an 



 

equal volume of chloroform and the aqueous phase was recovered. Equal amounts of proteins 

(40 µg) as determined by Folin’s method were used for 10% SDS-PAGE, whereas a 15% gel 

was used for PCNA and Bcl2 western blotting. Thereafter, proteins were transferred 

electrophoretically to a PVDF membrane (Millipore India Pvt. Ltd, Bangalore, Karnataka, 

India) overnight at 4°C. Membranes were blocked for 60 min with Tris-buffered saline [TBS; 

Tris 50 mmol l
–1

 (pH 7.5), NaCl 150 mmol l
–1

, 0.02% Tween 20] containing 5% fat-free dry 

milk. The membranes were further incubated with rabbit anti-human insulin receptor-β 

antibody (at a dilution of 1:1000) and mouse monoclonal anti-human GLUT4 antibody (at a 

dilution of 1:4000), rabbit polyclonal GLUT8 (at a dilution 1:2000), rabbit anti-p44/42 

MAPK (at a dilution of 1:1000) and rabbit polyclonal anti-human leptin for 60 min in 

blocking solution. Immunoreactive bands were revealed by incubating the membranes with 

biotinylated secondary antibody for 30 min followed by three washings with PBS (0.2 mol l
–

1
, pH 7.4) for 10 min each. After washing, the blots were incubated with avidin–peroxidase 

conjugate (at a dilution of 1:2000; Vector Laboratories) for 30 min. Finally, the blot was 

washed three times with PBS and developed with an enhanced chemiluminescence (ECL) 

detection system (Bio-Rad, Hercules, CA, USA). Similarly, a blot was developed for β-actin 

(Santa Cruz) at a dilution of 1:1000 as a loading control. Immunoreactive bands were later 

quantified using ImageJ software (Image J 1.36, NIH, Bethesda, MD, USA). Validation of 

GLUT4, GLUT8 and IR for use in bat tissue is described earlier (Srivastava, 2008) (Clark et 

al., 1994). 

4.11. Statistical analysis 

                All values were presented as mean ± S.E.M. Differences were considered to be 

significant at p < 0.05. One-way ANOVA and post hoc Tukey-high significant differrence 

(HSD) test will be used to determine differences between groups. The SPSS ⁄ PC Program 

will be used for the statistical analysis. 

 

 

 

 

 



 

 

 

 

 

 

 

 

V. RESULTS 

 

 

 

 

 

 



 

                                                    

Impaired Rectum                                                      Disruption of Right Testis 

Fig. 3: (A) Impairment of rectum after oral treatment of CdCl2 and (B) After 60 days of 

CdCl2 treatment it is observed that the left side of the testis was extremely disrupted. 

                  The effect of drug on tissue was observed by the impairment in the rectum and the 

disruption of one testis as we can see in the Fig. 3 above. The results of all the sperm and 

biochemical parameters studied are represented as mean ± standard error (SEM). The bar 

graph of the sperm parameters (Fig. 5), hormone assay (Fig. and biochemical results are 

shown in the figures. Testicular histopathologic and immunohistochemical views and DNA 

damage of sperms are also shown in the figures. 

5.1. Water Consumption 

              The treated groups did not show any significant changes in water retention capacity 

when compared to the control group. 

Table 1: The initial and final volume of the water consumed (ml) by the Wistar albino rats 

during the treatment process. 

Treatment 

groups 

Control Cd Cd + EA EA F 3,19 p 

value 

Initial (ml) 274.71 ± 23.39 245.33 ± 24.88 244.67 ± 22.78 265.33 ± 20.56 0.4240 NS 

Final (ml) 238.23 ± 25.45 205.33 ± 21.64 192.00 ± 17.19 212.00 ± 23.55 0.7681 NS 

Values are expressed as mean ± standard error mean (n = 5/treatment). The water consumption 

capacity was calculated as initial volume - final volume. NS - Not significant, Cd-Cadmium and EA- 

Ellagic acid. One way ANOVA with Tukey post hoc multiple comparison test; Column with similar 

letters is not significant at p > 0.05 while different letters means statistical significant difference at p 

< 0.05. 
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Fig. 4: Effect of treatment with EA on the water consumption of rats showing the lowest 

consumption of water per ml. 

5.2. Body weight and organ weight 

The oral treatment of rats with 5 mg/kg cadmium caused a decreased in body weight 

outgrowth and organ weights rate when compared to control. Table 2 shows the changes in 

body weights and organ weights after receiving different treatments. The body weight of rats 

in the cadmium treated group was significantly reduced as compared to the control group 

(p<0.05). Though not statistically significant, there was a dose dependent increase in the 

body weight of rats which received cadmium and ellagic acid at 5 and 2 mg/kg. The weight 

of the testes in the toxic group (cadmium, 5 mg/kg) was significantly reduced compared to 

the control group (p<0.001) and there was a significant increase in the weights of the testes in 

the groups received ellagic acid (2 mg/kg) as compared to the toxic group. 

 

 

 

 



 

Table 2: Effects of EA treatment for 60 days on body weight (g), absolute (g) and relative (g/100 g) 

weights of reproductive organs of CdCl2 induced testicular toxicity in male rats. 

Parameters Experimental group F3,19 

value 

p value 

Control CdCl2 CdCl2+EA EA 

Initial body 

weight (g) 

117.70 ± 2.35a 117.77 ± 0.57a 149.23 ± 1.11b 143.07 ± 3.19c 160.04 <0.0001 

Final body 

weight (g) 

167.10 ± 4.10a 110.00 ± 0.97b 180.73 ± 1.80c 171.57 ± 2.30a,c 156.56 <0.0001 

Liver (g) 8.64 ± 0.10a 5.37 ± 0.21b 6.56 ± 0.21c 7.69 ± 0.38a 33.05 <0.0001 

Liver 

(g/100 g) 

5.18 ± 0.11a 4.89 ± 0.10a 3.62 ± 0.15b 4.49 ± 0.12a 30.53 <0.0001 

Kidney (g) 0.88 ± 0.02a 0.49 ± 0.01b 0.52 ± 0.05c 0.64 ± 0.01d 38.94 <0.0001 

Kidney 

(g/100g) 

0.52 ± 0.01a 0.45 ± 0.02b 0.29 ± 0.01c 0.38 ± 0.01d 43.85 <0.0001 

Testis (g) 0.99 ± 0.01a 0.90 ± 0.01b 0.93 ± 0.01b 0.98 ± 0.01a 13.75 <0.0001 

Testis 

(g/100 g) 

0.59 ± 0.04a 0.82 ± 0.02b 0.51 ± 0.01a 0.57 ± 0.07a 10.32 0.0005 

Cauda 

epididymis 

(g) 

0.24 ± 0.00a 0.14 ± 0.03b 0.11 ± 0.01b 0.17 ± 0.00b 12.20 0.0002 

Cauda 

epididymis 

(g/100g) 

0.14 ± 0.02a 0.12 ± 0.01a 0.07 ± 0.01b 0.09 ± 0.01a,b 5.81 0.0070 

Caput 

epididymis 

(g)  

0.19 ± 0.00a  0.17 ± 0.00b 0.13 ± 0.01c 0.21 ± 0.00a 44.33 <0.0001 

Caput 

epididymis 

(g/100g) 

0.11 ± 0.00a 0.16 ± 0.01b 0.08 ± 0.00c 0.12 ± 0.00d 2823.10 <0.0001 

Prostate (g) 0.19 ± 0.01a 0.15 ± 0.00a 0.09 ± 0.00b 0.18 ± 0.02a 13.59 <0.0001 

Prostate 

(g/100 g) 

0.11 ± 0.01a 0.13 ± 0.00b 0.47 ± 0.00c 0.10 ± 0.00a 830.71 <0.0001 

Seminal 

vesicle (g) 

0.36 ± 0.00a 0.26 ± 0.00b 0.23 ± 0.01b 0.32 ± 0.00c 60.46 <0.0001 

Seminal 

vesicle 

(g/100 g) 

0.21 ± 0.01a 0.24 ± 0.00a 0.12 ± 0.00b 0.11 ± 0.00b 71.03 <0.0001 

Vas 

deferens(g) 

0.17 ± 0.00a 0.12 ± 0.01b 0.09 ± 0.00c 0.15 ± 0.00a 40.22 <0.0001 

Vas 

deferens 

(g/100 g) 

0.09± 0.00a 0.11 ± 0.00a 0.05 ± 0.01b 0.09 ± 0.00a 31.05 <0.0001 

Values are expressed as mean ± standard error mean (n = 5/treatment). The relative organ weight was 

calculated as {[organ weight/body weight] × 100}. NS - Not significant, Cd- Cadmium, EA- Ellagic 

acid. One way ANOVA with Tukey post hoc multiple comparison test; Column with similar letters is 

not significant at p > 0.05 while different letters means statistical significant difference at p < 0.05. 



 

5.3. Rectal Temperature  

Elevation in Cadmium (Cd) treated group (101.90°F) was significantly observed due to the stress 

culminated by the Cd. A drop in the EA treated group by 93.47 °F was found which may be due to 

the radical scavenging capacity of the EA. A significantly slight elevation in the control group by 

94.3°F was seen when compared to that of the co-treated group (94.20°F). 
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Fig.5: Graph showing the drastic increase in Cadmium (Cd) treated group due to the stress 

culminated by the Cd. A drop in the Ellagic Acid (EA) treated group line graph was found which may 

be due to the radical scavenging capacity of the EA. 

5.4. Biochemical Assay 

5.4.1. Lipid Peroxidation (LOO) 

CdCl2 administration elevated LOO, whereas treatment of rat with FA significantly reduced 

lipid peroxidation when compared to CdCl2 treatment alone (Table 3 and figure 6).  

 

 



 

Table 3: LOO (nmol of MDA/mg protein) contents of a drug dose. 

Control Cd Cd + EA EA 

15.83 ± 0.13a 54.88 ± 0.40b 23.99 ± 0.53c 19.31 ± 0.22d 

Values are expressed as mean ± standard error mean (n = 5/treatment). Cd- Cadmium and EA- 

Ellagic acid. One way ANOVA with Tukey post hoc multiple comparison test; Column with similar 

letters is not significant at p > 0.05 while different letters means statistical significant difference at p 

< 0.05. 
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Fig. 6: Effect of EA treatment on the Cadmium-induced alteration in the LOO contents in the 

rat testis. Tissue of intoxicated male rats values are expressed as mean ± SEM. Columns 

followed by the different alphabetical letters are significantly different at p<0.05. 

5.4.2. Gluthathione (GSH) 

The CdCl2 administration decreased the glutathione content, whereas combination of EA and 

CdCl2 increased it (Table 4 and figure 7). 

 

 

 



 

Table 4: GSH (nmol/mg protein) contents of a drug dose. 

Control Cd Cd + EA EA 

5.39 ± 0.00a 3.59 ± 0.02b 4.63 ± 0.01c 4.27 ± 0.01d 

Values are expressed as mean ± standard error mean (n = 5/treatment). Cd- Cadmium and EA- 

Ellagic acid. One way ANOVA with Tukey post hoc multiple comparison test; Column with similar 

letters is not significant at p > 0.05 while different letters means statistical significant difference at p 

< 0.05. 
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Fig. 7: Effect of treatment with EA on GSH antioxidant and cadmium contents in testis. 

Tissue of intoxicated male rats values are expressed as mean ± SEM. Columns followed by 

the different alphabetical letters are significantly different at p<0.0001. 

5.4.3. Gluthatione-S-Transferase (GST) 

The CdCl2 administration decreased the GST content significantly, whereas combination of 

EA and CdCl2 increased it (Table 5 and figure 8). 

Table 5: GST (IU/L of protein) contents of a drug dose. 

Control Cd Cd + EA EA 

10.93 ± 0.024a 7.81 ± 0.023b 10.59 ± 0.026 c 8.16 ± 0.024d 
Values are expressed as mean ± standard error mean (n = 5/treatment). Cd- Cadmium and EA- Ellagic acid. 

One way ANOVA with Tukey post hoc multiple comparison test; Column with similar letters is not significant 

at p > 0.05 while different letters means statistical significant difference at p < 0.05. 
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Fig.8: Effect of EA treatment on the Cadmium-induced alteration in the GST contents in the 

rat testis. Tissue of intoxicated male rats values are expressed as mean ± SEM. Columns 

followed by the different alphabetical letters are significantly different at p<0.0001. 

5.4.4. Superoxide Dismutase (SOD) 

The superoxide dismutase activity showed significant change after EA administration (Table 

6 and Figure 5e).  

Table 6: SOD (U/mg protein) contents of a drug dose. 

Control Cd Cd + EA EA 

42.02 ± 0.00a 40.64 ± 0.01b 42.46 ± 0.00c 43.28 ± 0.00c 

 

Values are expressed as mean ± standard error mean (n = 5/treatment). Cd- Cadmium and EA- 

Ellagic acid. One way ANOVA with Tukey post hoc multiple comparison test; Column with similar 

letters is not significant at p > 0.05 while different letters means statistical significant difference at p 

< 0.05. 
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Fig.9: Effect of EA treatment on the Cadmium-induced alteration in the SOD contents in the 

rat testis. Tissue of intoxicated male rats values are expressed as mean ± SEM. Columns 

followed by the different alphabetical letters are significantly different at p<0.0001.  

5.5. Sperm analysis 

5.5.1. Sperm motility and Daily Sperm Production 

                As shown in the figure 10 and table 7 below, Cd-treated rats showed significant 

decrease in sperm motility and epididymal sperm concentration along with significant 

elevation in the percentages of total abnormalities in spermatozoa compared with the control 

groups. However, co-administration of EA to Cd-treated rats significantly prevented Cd-

mediated decrease in sperm motility and epididymal sperm concentration and renovated the 

level of sperm abnormality to near control. The daily sperm production (DSP) was not 

significantly different in cadmium-treated rats and in rats co-treated with EA when compared 

with the control rats. 
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Fig.10: A bar graph showing the highest number of dead sperm cells in Cd treated groups 

significantly when compared to the other groups. 

 

 

 

 

 

 

 

 

 



 

Table 7: Effect of treatment of CdCl2 for 60 days on sperm analysis in adult male Wistar 

albino rat. 

Parameters Experimental group F3,19 

value 

p value 

Control CdCl2 CdCl2+EA EA 

Testis 

Sperm 

number 

 (× 10
6
) 

125.12 ± 9.12 67.50 ± 5.00 83.25 ± 4.25 97.36 ± 12.36 8.569 NS 

Sperm 

number  

(× 10
6
/g) 

12.63 ± 0.96 

 

7.50 ± 1.12 

 

8.95 ± 4.45 

 

9.93 ± 1.55 

 

0.7672 NS  

Daily sperm 

production 

 (× 10
6  

testis/day) 

20.51 ± 1.49 11.06 ± 0.82 13.647 ± 0.69 15.97 ± 2.02 8.569 NS 

Daily sperm 

production 

relative to 

testis weight 

 (× 10
6 

testis/day/g) 

2.08 ± 0.02a 

 

1.22 ± 0.00b 

 

1.46 ± 0.01c 

 

1.62 ± 0.05d 

 

175.42 <0.0001 

Cauda epididymis  

 
Sperm 

number  

(× 10
6
) 

51.25 ± 7.86 31.84 ± 2.26 42.71 ± 0.48 47.45 ± 2.16 5.855 NS 

Sperm 

number 

 (× 10
6
/g) 

5.18 ± 1.33 

 

3.537 ± 0.70 4.59 ± 1.00 4.84 ± 1.12 0.4497 NS 

Caput epididymis  

Sperm 

number 

 (× 10
6
) 

21.60 ± 1.29 13.19 ± 2.08 14.65 ± 3.63 15.05 ± 0.44 3.968 NS 

Sperm 

number  

(× 10
6
/g) 

2.19 ± 0.03a 

 

1.465 ± 0.08b 

 

1.57 ± 0.05b 

 

1.53 ± 0.02b 

 

43.483 <0.0001 

Sperm 

motility (%) 

62.34 ± 1.55a 28.04 ± 1.19b 48.22 ± 0.90c 58.53 ± 2.18a 100.68 <0.0001 

Values are expressed as mean ± standard error mean (n = 5/treatment). NS - Not significant. Cd- 

Cadmium and EA- Ellagic acid. One way ANOVA with Tukey post hoc multiple comparison test; 

Column with similar letters is not significant at p > 0.05 while different letters means statistical 

significant difference at p < 0.05. 

5.5.2. Sperm Abnormality 



 

Control rats showed about 21.02% of total abnormal sperms with 13.69% of sperm head 

abnormalities and 7.33% of tail abnormalities. The rats exposed to CdCl2 showed 

teratozoospermia i.e., a greater degree of sperm abnormalities when compared to the normal 

control group (p<0.0001). The head abnormalities accounted for about 26.61% whereas tail 

abnormalities were about 16.02%. A decrease in the sperm abnormalities was observed in all 

the three groups treated with different doses of ellagic acid compared to the toxic group 

(p<0.001). The rats which received ellagic acid, percentage of head abnormalities were 

reduced to 13.20% respectively and percentage of tail abnormalities to 4% respectively. 

Table 8: Effects of Cadmium chloride on sperm head and tail abnormalities (%). 

Values are expressed as mean ± standard error mean (n = 5/treatment). The relative organ weight was 

calculated as {[organ weight/body weight] × 100}. NS - Not significant, Cd- Cadmium and EA- 

Ellagic acid. One way ANOVA with Tukey post hoc multiple comparison test; Column with similar 

letters is not significant at p > 0.05 while different letters means statistical significant difference at p 

< 0.05. 

5.6. Serum Assay 

5.6.1. Serum Testosterone levels 

Testosterone levels in all groups were gradually elevated. Cadmium showed a significant 

decrease of testosterone levels when compared with the control group(Table 9 and Fig. 11). 

Results suggest that Leydig cell regeneration could be retarded by cadmium. 

 

Parameters Experimental group F5,19 

value 

p value 

Sperm 

morphology 

Control CdCl2 CdCl2+EA EA 

Normal 
57.90 ± 

1.37a 

14.67 ± 0.09b 31.95 ± 

1.21c  

65.60 ± 

0.89d  

533.36  <0.0001  

Head abnormalities 

Amorphous 4.15 ± 0.52a  3.63 ± 0.65a  6.77 ± 0.41c  4.00 ± 0.15a  9.367 0.0008 

Banana head 5.37 ± 0.12a  14.82 ± 0.51b  6.77 ± 0.21a  4.40 ± 0.41a  185.74  <0.0001  

Detached 

head 
4.15 ± 0.54a  8.16 ± 0.65b  

11.61 ± 

0.35c 
4.80 ± 0.35a  

49.255  <0.0001  

Total 
13.69 ± 

1.02a  
26.61 ± 1.52b  

25.15 ± 

1.02b 

13.20 ± 

0.84a  

40.855  <0.0001  

Tail abnormalities 

Bent tail 5.13 ± 0.39a  13.91 ± 0.52b  5.25 ± 0.54a  2.40 ± 0.54a  99.484 <0.00011  

Broken tail 2.20 ± 0.21a  2.11 ± 0.19a  3.59 ± 0.22b  1.60 ± 0.15c  19.216  <0.0001  

Total 7.33 ± 0.92a  16.02 ± 0.14b  8.84 ± 0.98a  4.00 ± 0.65c  45.783  <0.0001  



 

Table 9: Testosterone content of a drug dose. 

Control Cd Cd + EA EA 

9.75 ± 0.42a 1.26 ± 0.53b 2.93 ± 0.35b 7.39 ± 0.58c 

Values are expressed as mean ± standard error mean (n = 5/treatment). Cd- Cadmium and EA- 

Ellagic acid. One way ANOVA with Tukey post hoc multiple comparison test; Column with similar 

letters is not significant at p > 0.05 while different letters means statistical significant difference at p 

< 0.05. 
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Fig.11: Effect of treatment with EA on testosterone and cadmium content in testis. Tissue of 

intoxicated male rats values are expressed as mean ± SEM. Columns followed by the 

different alphabetical letters are significantly different at p<0.05.  

5.6.2. Serum LH and FSH levels 

Serum FSH significantly elevated, whereas combination of EA and CdCl2 decreased it (Table 

10 and Fig. 12) while the LH content significantly decreased after CdCl2 exposure whereas 

treatment of rat with EA significantly increased LH when compared to CdCl2 treatment alone 

(Table 10 and Fig. 13).  

 

 



 

 

Table 10: FSH and LH content of a drug dose at different days. 

Parameters Control Cd Cd + EA EA 

FSH (IU/L) 0.33 ± 0.19a 3.55 ± 0.15b 2.32 ± 0.23c 1.23 ± 0.38a 

LH (IU/L) 5.34 ± 0.04a 2.26 ± 0.03b 0.39 ± 0.02c 4.23 ± 0.05 d 

Values are expressed as mean ± standard error mean (n = 5/treatment). Cd- Cadmium and EA- 

Ellagic. One way ANOVA with Tukey post hoc multiple comparison test; Column with similar letters 

is not significant at p > 0.05 while different letters means statistical significant difference at p < 0.05. 
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Fig.12: Effect of treatment with EA on FSH and cadmium content in testis. Tissue of 

intoxicated male rats values are expressed as mean ± SEM. Columns followed by the 

different alphabetical letters are significantly different at p<0.05. 
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Fig. 13: Effect of treatment with EA on LH and cadmium content in testis. Tissue of 

intoxicated male rats values are expressed as mean ± SEM. Columns followed by the 

different alphabetical letters are significantly different at p<0.05. 

5.7. Histopathology 

The histological appearance of the testicular tissues of the control group was normal in 

appearance [Fig. 14 (A)]. Cd induced histopathological variations in the testis such as 

necrosis, germ cell degeneration, desquamation, edema and congestion in addition to 

degeneration and atrophy of seminiferous tubules [Fig. 14 (B)]. It was observed that there 

was a marked decrease in necrotic and degenerative changes in germinal cells of rats that 

received EA along with CdCl2 [Fig. 14 (C)]. A reduction in Johnsen’s scoring was observed 

in the CdCl2 exposed group compared to the normal animals (p<0.0001; Table 11). An 

improvement in the Johnsen’s score (Table 11, Fig. 15) and Mean Seminiferous Tubule 

Diameter (Table 12, Fig. 16) was noted in the groups which received ellagic acid at 2 mg/kg, 

thus showing its protective action. 



 

A B

C D
 

Fig. 14: Photomicrographs of the 60 days treated testes; magnification, x10. (A) In the 

control group, numerous seminiferous tubules, spermatogonia, spermatocytes and 

spermatozoa were detected. Interstitial connective tissue and Leydig cells were observed 

[hematoxylin & eosin (H&E)]. (B) In the cadmium chloride (CdCl2) group, edema and 

sloughing of spermatogonia were detected (H&E). (C) In the co-treated group (EA and 

CdCl2), the seminiferous tubules were characterized by congestion and slight edema (H&E). 

(D) The ellagic acid (EA) group activated spermatocytes and spermatozoa were detected 

(H&E).  

Table 11: Johnsen’s Scoring (JTBS) and Morphometric Seminiferous Tubules diameter 

(MSTD). 

Parameters Control Cd Cd + EA EA F 3,19 p value 

Johnsen’s 

Scoring 

9.30 ± 0.30a 4.70 ± 0.86b 8.40 ± 0.29a 8.90 ± 0.31a 13.472 <0.0001 

MSTD 

(µm) 

273.50 ± 3.29a 203.00 ± 1.16b 256.33 ± 5.34c 269.50 ± 2.35a 91.819 <0.0001 

Values are expressed as mean ± standard error mean (n = 5/treatment). Cd- Cadmium and EA- 

Ellagic acid. One way ANOVA with Tukey post hoc multiple comparison test; Column with similar 

letters is not significant at p > 0.05 while different letters means statistical significant difference at p 

< 0.05. 
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Fig. 15: Effect of Cd exposure on the testes significantly reduced the Johnsen’s score and the 

Co-treatment with EA significantly increased its score. Values are expressed as mean ± SEM. 

Columns followed by the different alphabetical letters are significantly different at p<0.0001. 
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Fig. 16: The exposure of Cd on the testes significantly reduced the seminiferous tubule diameters and 

the Co-treatment with EA slightly improves it. The values are expressed as mean ± SEM. Columns 

followed by the different alphabetical letters are significantly different at p<0.0001. 



 

5.8. DNA damage detection 

The exposure of Cd to the sperms causes the abnormal DNA exhibiting more number of 

fluorescence red or yellow colour [Fig. 17 (B)] under fluorescence microscope as we can see 

in the figure. On the other hand, the control group showed normal DNA more exhibiting 

green colour [Fig. 17 (A)]. The co-treated group [Fig. 17 (C)] showed green colour more 

when compared to that of Cd group. The EA treated group [Fig. 17 (D)] shows excess 

number of green coloured sperms indicating the normal DNA. The lowest normality score 

was found in the Cd treated group when compared to all the other groups (Table 12).  

Table 12: DNA damage score (%) 

Control Cd Cd + EA EA F3,19 p value 

12.74 ± 1.56a 64.74 ± 0.14b 61.08 ± 0.05c 30.48 ± 0.19d 998.28 <0.0001 

Values are expressed as mean ± standard error mean (n = 5/treatment). Cd- Cadmium and EA- 

Ellagic acid. One way ANOVA with Tukey post hoc multiple comparison test; Column with 

similar letters is not significant at p > 0.05 while different letters means statistical significant 

difference at p < 0.05. 
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Fig. 17: Fluorescent photomicrographs of 60 days treated Acridine orange stained sperms 

(x40). (A) Control group, (B) CdCl2 treated group, (C) Co-treated group and (D) EA group.  

 



 

5.9. Expression of PCNA, Bcl-2 and Bax 

5.9.1. PCNA 

Immunohistochemical staining of sections from the Cd-treated rats [Fig. 18 (B)] revealed 

only PCNA positive spermatogonia. In rats treated with EA [Fig. 18 (D)], the PCNA staining 

pattern was identical to the control group [18 (A)].  

A B

C D

PCNA

 

Fig.18: Testicular expression of PCNA was detected using immunohistochemical staining in 

(a) control, (b) CdCl2, (c) EA+CdCl2 and (d) EA treated rats. In the control and EA groups, 

apoptotic testicular cells, i.e., those immunostained with PCNA, were sparse and weakly 

stained. By contrast, where the rats were treated with CdCl2, many testicular cells were 

apoptotic and the brown-stained positive cells were increased markedly. In the EA + 

CdCl2 group, the number of apoptotic testicular cells was decreased markedly (400×). 

5.9.2. Bcl-2 

Testicular tissue obtained from Cd-treated [Fig. 19 (B)] rats showed weak expression of Bcl-

2 in comparison with the control group [Fig. 19 (A)]. Treatment of animals with Cd+EA 

upregulated the expression of Bcl-2 [Fig. 19 (C)]. 



 

  

Fig.19: (A) Testicular section of Control rats showing positive staining of Bcl-2 and (B) 

Weak expression of Bcl-2 in germ cells of a rat treated with Cd (A and B, 40X).  

  

Fig.19: (C) An increased expression of Bcl-2 after treatment with Cd+EA and (D) A 

regeneration of positive cells with EA treatment (C and D, 40X). 

5.9.3. Bax 

Testicular expression in Cd [Fig. 20 (B)] treated rat showed marked increase in the Bax 

expression. Cd+EA showed weak expression [Fig. 20 (C)] when compared to that of the Cd-

treated group [Fig. 20 (A)].  

B A 

D C 



 

   

  

Fig.20: (A) Testicular section of a rat in control group showing very less bax expression (B) 

Section in testis of a rat treated with Cd showing increase of Bax expression in Leydig cells. 

(C) Section in testis of a rat treated with Cd+EA showing decrease of Bax expression (D) The 

expression in EA treated group showing an improved expression of Bax in the sertoli cells, 

spermatogonia and spermatocytes.  

5.10. Western Blotting 

The level of leydig and sertoli cell proteins [PCNA (Fig. 21) and Bcl-2 (22)] in the testis after 

the Cd exposure and EA administration. CdCl2 (6.464 ± 0.03) significantly showed an 

increased expression when compared to control (0.558 ± 0.01), as seen in the figure 21 (B). 

The administration of EA (2.579 ± 0.02) significantly reduced the PCNA expression. Cd+EA 

(6.464 ± 0.04) treatment show no significant changes. As shown in Fig. 22, the quantification 

of Bcl-2 results showed that Cd dose-dependently (1.701 ± 0.13) lowered the levels of all 

these proteins when compared to those of the EA (18.795 ± 0.36) alone and control (18.771 ± 

0.12) treatment which were in parallel with those of their respective mRNA levels. The co-

A B 

D C 



 

treated group (1.977 ± 0.42) showed a non-significant protein levels with Cd treated group. 

This result further confirmed that cadmium impaired the Leydig and sertoli cell functions in 

the testis.  
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Fig.21: Western blot analysis in the rat testis showing transformation in the cell proliferation. 

(A) Western blot band. (B) Quantification of protein levels expressed as Mean ± SEM, n = 5. 

The different alphabetical letters indicate significant differences when compared to control at 

p<0.0001.  
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Fig.22: Protein levels of Leydig and Sertoli cells in rat testis. (A) Western blot band. (B) 

Quantification of protein levels expressed as Mean ± SEM, n = 5. The different alphabetical 

letters indicate significant differences when compared to control at p<0.0001.  

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

VI. DISCUSSION 

 

 

 

 

 

 

 

 



 

 

6.1. The Oxidative Stress And The Antioxidant level 

                 Testicles are the potent target organs for oxidative stress due to their high content 

of polyunsaturated membrane lipids (Drasga et al., 1983) and a number of mechanisms of 

cadmium toxicity have been recommended with cell adhesion and signalling, oxidative stress, 

apoptosis, genotoxicity and cell cycle disturbance (Kawai et al., 2002; Amara et al., 2008). 

Recent evidences suggest that cadmium-induced testicular toxicity occurs as a result of 

oxidative stress and increased production of reactive oxygen species (Mohamed et al., 2014; 

Malik et al., 2017). The present work, in agreement with previous studies, confirmed that 

oxidative stress, increased lipid peroxidation and reduction of antioxidant defences in the 

pathogenesis of cadmium-induced testicular toxicity (Chandra et al., 2010; Farombi et al., 

2012; Fouad et al., 2013). Also, the present study demonstrated that Cd treatment provided a 

significant protective effect against testicular injury caused by cadmium in rats as indicated 

by the improvement in the disturbed biochemical parameters and amelioration of testicular 

tissue damage observed by histopathological and immunohistochemical examinations. 

                 The cadmium-induced decreases in serum testosterone and testicular reduced 

glutathione, superoxide dismutase and glutathione-S-transferase activity and significantly 

decreased the elevations of testicular malondialdehyde which is in agreement with previous 

studies (Fouad et al., 2013). Ellagic acid improved the body and testis weights of the animals 

thereby, enhancing sperm count which is one of the most sensitive tests for spermatogenesis 

and is highly correlated with fertility.  

6.2. Enhancement Of Anti-Proliferative And Anti-Apoptotic By Ellagic Acid 

                CdCl2 downregulated the anti-apoptotic gene Bcl-2 and upregulated the expression 

of pro-apoptotic genes Bax (Eleawa et al., 2014) and also showed PCNA status of 

spermatogonia. EA protected against and partially reversed CdCl2 testicular toxicity via 

upregulation of Bcl-2 and downregulation of Bax gene expression. The result indicates the 

antioxidant activity of EA protects against CdCl2 testicular toxicity and partially reverses its 

effect via upregulation of BCl2 and downregulation of Bax expression and the proliferative 

status of spermatogonia (germ cells). 

                 The mechanism involved in the protective effect of ellagic acid against Cd-induced 

reproductive toxicity is unknown. Cd can disrupt the cellular mechanisms in different ways 

which may lead to toxicity inducing free radical formation and lipid peroxidation, which are 



 

chemical mechanisms capable of disrupting the structure and function of testis. The 

antioxidant and free radical scavenging properties of ellagic acid may play an important role 

in preventing the toxic effects of drugs. CdCl2 has been shown to have apoptosis-promoting 

effect on human and rat granulosa cells by increasing PCNA activity. The compounds that 

have anti-apoptotic properties like EA may be beneficial against testicular toxicity. Further, 

future studies are needed to investigate the exact protective mechanism of EA. 

                In conclusion, this study suggests that cadmium causes testicular toxicity, but the 

flavonoid compound ellagic acid is protective in terms of sperm count, motility and 

morphology. The histo-architecture of testis was also restored by ellagic acid confirming its 

protective effect. This action of ellagic acid may be closely related to its antioxidant and 

antiapoptotic property, which needs further research. Therefore, ellagic acid may be useful in 

epileptic patients on long-term cadmium treatment if proved effective in clinical trials.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

VII. SUMMARY 

 

 

 

 

 



 

 

• CdCl2 administration significantly decreased sperm count, sperm motility and sperm 

morphology of rats. The changes observed in the above agree with the reports, which 

demonstrated that cadmium impairs testicular function.  

• The significant reduction in sperm count, motility and morphology observed in this 

study following CdCl2 administration may be associated to impairment of 

steroidogenesis consequent to reduced secretion of testosterone (from testis) caused 

by administration of CdCl2.  

• Regardless of the mechanism of induction of oxidative stress in cells by cadmium, 

increase in ROS occurs, which leads to the damage and changes in their structure and 

metabolism.  

• Studies have shown that exposure to cadmium causes lipid peroxidation, which leads 

to oxidative stress. SOD is an enzymatic antioxidant that converts superoxide radicals 

into hydrogen peroxide and oxygen, which is further converted into water.  

• A significant reduction in the activities of both SOD and GST, but significant rise in 

the MDA levels in testicular tissues of rats administered with CdCl2. The 

derangement in the lipid peroxidation and anti-oxidant status of testicular tissues 

might be a contributing factor in the reduction of testosterone secretion with resultant 

poor sperm quality. 

• EA significantly increased SOD and GST activities, thus enhancing the anti-oxidant 

system in the testicular tissues. This is in agreement with the previous studies. 

• EA improved sperm quality in rats. Pre-treated with EA also prevented CdCl2 – 

induced poor sperm quality by inhibiting lipid-peroxidation. 

• EA enhances testicular oxidative status. The study also shows that EA pre-treatment 

prevents cadmium chloride – induced testicular toxicity by increasing the tissue 

enzymatic antioxidant activities (SOD and GST) and reducing lipid peroxidation 

(MDA).  



 

• Immunohistochemical staining of sections from the treated rats revealed only PCNA-

positive spermatogonia. Bax expression was also assessed in sertoli cells, 

spermatogonia and spermatocytes where deficiency of Bax results in increased 

apoptosis and testicular atropy. 

• Bcl-2 an antiapoptotic gene was significantly downregulated, confirming the 

apoptotic effect due to cadmium exposure. 

• Varied effects of Cadmium under different conditions in different cell lines have 

rendered the possibility of a specific mechanism evasive. Such being the case, it is 

necessary to profile the effects comprehensively and identify the common themes in 

cadmium toxicity for further progress to be made in this regard.  

• The findings in the study showed that pre-treatment of rat model with ellagic acid 

prevented CdCl2 – induced reproductive toxicity by improving sperm quality and 

enhancing testicular lipid peroxidation status.  

• To date information of the pharmacological properties of EA in the context of 

hepatoprotection is very limited; therefore it is important to extend the knowledge 

about the action mechanisms of this flavonoid and to perform additional preclinical 

studies in vitro and in vivo models. 

• Also, it is worth mentioning that the effects of EA and pomegranate juice (containing 

EA) are being evaluated in phase I, II and III clinical trials (ClinicalTrials.gov 

Identifier: NCT00455416; NCT02263378; NCT01916239), though these studies are 

focused mainly on its anticarcinogenic activity and in hyper-pigmentation disorders 

treatment. 

• These pioneer studies might be a breakthrough in the search for natural compounds 

with beneficial activities to humans and serve as a basis in the near future to begin 

tests seeking to prevent, reduce or eliminate testicular damage caused by the exposure 

to xenobiotics or disease.  

• By better defining the problems, learning about the mechanisms responsible for 

adverse effects, and developing panels of relevant biomarkers, we will make progress 

towards preventing future adverse effects on male reproductive health. 
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VIII. APPENDIXES 

1. List of Acronyms 

%                             Percentage 

°C                            Degree celsius 

°F                             Degree fahrenheit        

µg                             microgram 

µl                              microlitre  

µm                            micrometer 

ABC                         Avidin-biotinylated peroxidase complex 

AO                           Acridine Orange 

ATSDR                    The Agency for Toxic Substances and Disease Registry 

Bax                           Apoptotic regulator 

Bcl-2                         B-cell lymphoma 

CAT                          Catalase 

Cd                             Cadmium 

CdCl2                        Cadmium Chloride 

CDNB                      1-Chloro-2,4-dinitrobenzene 

DAB                         3,3′-diaminobenzidine tetrachloride 

DNA                          Dioyribonucleic acid 

DTNB                        5,5’-dithiobis-(2-nitrobenzoic acid) 

EA                             Ellagic acid 

EDTA                        Ethylene diamine tetraacetic acid 

ECL                           Enhanced chemiluminescence  

FSH                           Follicular Stimulating Hormone 

G2                              Second Growth Phase 

GLUT4                      Glucose transporter type 4 

GLUT8                      Glucose transporter type 8 

GPx                            Glutathione peroxidase 

GSH                           Reduced glutathione 

GSSG                         Glutathione disulfide 

GST                            Glutathione-S-transferase 

GS-TNB                     Glutathione adduct of GSH 

H2O2                                    Hydrogen Peroxide 

IARC                          The International Agency For Research on Cancer 



 

IU/L                             International unit per litre 

K2HPO4                              Dipotassium phosphate 

Kg                                Kilogram 

KH2PO4                       Monopotassium Phosphate 

Ki                                 Potassium iodide 

LH                                Leutinising Hormone 

LOO                             Lipid peroxidation 

M                                  Molar concentration 

M                                  Motile 

MAPK                          Mitogen-activated protein kinase  

MDA                            3,4-Methylenedioxyamphetamine 

Mg                                milligram 

Min                               minute 

Ml                                 millilitre 

mM                               millimolar 

MW                              Molecular weight 

Na2HPO4                             Disodium phosphate 

NaCl                             Sodium Chloride 

NADH                          Nicotinamide adenine dinucleotide 

Nm                                Nanomole 

NM                                Non Motile 

NOAEL                         No-observed adverse effect level 

NOEL                            No-observed effect level 

p53                                 Tumor protein 

PAGE                             Polyacrylamide gel electrophoresis 

PBS                                Phosphate-buffered saline 

PCNA                            Proliferating cell nuclear antigen 

pH                                  Power of Hydrogen 

PVDF                             Polyvinylidene fluoride   

ROS                               Reactive Oxygen Species 

Rpm                                Revolutions per minute 

RT-PCR                          Reverse Transcriptase Polymerase Chan Reaction 

SDS                                 Sodium dodecyl sulphate 

Sec                                   Second 

SOD                                Superoxide dismutase 



 

TBA                                Thiobarbituric acid 

TBARS                           Thiobarbituric acid reactive substances 

TCA                                Tetracyclic acid 

Tris-HCl                          Tris hydrochloride 

UV-VIS                           Ultraviolet visible 

Wt                                    Weight 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

2. List of Seminar/Workshop/Program attended and participation 

 

Sl. No. Seminar/Workshop/Program attended and participation Date 

1 National Seminar on Biodiversity, Conservation and Utilization of 

Natural Resources with reference to Northeast India (BCUNRNEI) 

organized by Department of Botany, Mizoram University, Aizawl. 

Participated in oral presentation on ―Protective effect of Ellagic acid 

against Cadmium Chloride-induced testicular toxicity in rats: A 

behavioural, biochemical and molecular approach‖. 

30
th

-31
st
 

March, 

2017 

2 The Workshop on Mechanisms of adaptation in the Temporal 

Environment organized at Department of Zoology, Mizoram 

University, Aizawl, Mizoram was attended. 

23
rd

 May, 

2017 

3 Participation in the Science Communication Workshop (SciComm 

101) organized by Department of Biotechnology, Mizoram 

University Sponsored by The Wellcome Trust/DBT India Alliance. 

6
th

 June, 

2017 

4 Participation in the National Level Workshop on Biostatistics and 

Bioinformatics organized by Department of Biotechnology, Mizoram 

University sponsored by Bioinformatics Infrastructure Facility, 

Department of Biotechnology (DBT), New Delhi. 

01-07
th

 

Sept., 2016 

5 Participation at technical Session/Exhibition in Mizoram Science 

Congress held at Mizoram University. 

14
th

 Oct., 

2016 

6 The Outreach Program on Human Health and Biological Timing 

organized at Department of Zoology, Mizoram University, Aizawl, 

Mizoram was attended. 

22
nd

 May, 

2017 
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INTRODUCTION 

             Cadmium is a toxic heavy metal element, which probably cause infertility by 

impairment in spermatogenesis (Yari et al., 2016). With high levels of exposure to toxic 

chemicals including heavy metals, released into the environment and introduced in the food 

chain, the health of living organisms is affected, sometimes with fatal consequences (Predes 

et al., 2016). In fact, the International Agency for Research on Cancer classified Cd as a 

known human carcinogen in 1993 (IARC, 1993) and Cd is ranked the 7
th

 toxicant in the 

Priority List of Hazardous Substances of the Agency for Toxic Substances and Disease 

Registry (ATSDR, 2007). Recent studies have demonstrated that the testis is sensitive to 

cadmium, but studies investigating cadmium-induced testicular injury have not yet clearly 

revealed the underlying mechanisms (Wang et al., 2016). Also, it has been shown that 

successful spermatogenesis and the achievement of optimal sperm function requires 

protection from increased levels of oxidative stress (Correia et al., 2016).     

        

           Experimentally, it is known that cadmium is toxic to both the reproductive and 

immune systems, in addition to its nephrotoxicity and hepatotoxicity (Ogawa et al., 2013). It 

will be determined that acute CdCl2 exposure caused a significant reproductive damage via 

increased oxidative stress (increased TBARS levels and decreased SOD, CAT, GPx and GSH 

levels), histological alterations (necrosis, oedema etc.) and spermatological damage 

(decreased sperm motility and sperm concentration and increased abnormal sperm rate) in 

male rats (Oguzturk et al., 2012) . Also, exposure to low dose of CdCl2 induces no significant 

disturbance in spermatogenesis, but, it does change the immunological microcircumstances in 

the testis, resulting in increased susceptibility to testicular autoimmunity (Ogawa et al., 

2013). So, in order to neutralize the damaging ROS, aerobic cells are provided with extensive 

antioxidant defence mechanisms consisting mainly of antioxidant enzymes (e.g., superoxide 

dismutase, glutathione peroxidase etc.) and small molecule antioxidant (e.g., glutathione, N-

acetyl-cysteine, vitamin E and vitamin C).  

 

Androgenesis in the testes involves multi-critical steps that start with the synthesis of 

cholesterol, followed by its transport within the steroidogenic testicular tissues and its 

metabolism to form steroid biosynthesis. StAR (steroidogenic acute regulatory protein) 

protein an essential and limiting factor in testicular Testosterone synthesis, responsible for the 

transport of cholesterol into mitochondria. Testosterone synthetic enzymes in Leydig cells 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2804910/#R37
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2804910/#R3


include cytochrome P450 cholesterol side-chain cleavage (P450scc) enzyme, cytochrome 

P450 17-hydroxysteroid dehydrogenase (P45017α) and 17-αhydroxysteroid dehydrogenase 

(17-βHSD). P450scc converted cholesterol to pregnenolone that is catalyzed by P45017α to 

produce 17-hydroxyprogesterone and androstenedione, with the latter then being converted to 

Testosterone by 17-βHSD). The 3β-HSD complex is responsible for the conversion of 

Pregnenolone to progesterone, 17α-Hydroxypregnenolone to 17α-hydroxyprogesterone,  

DHEA to androstenedione, Androstenediol to testosterone and Androstadienol to 

androstadienone (Ji et al., 2010; Alkhedaide et al., 2016). 

 

The Bcl-2 family is the best characterized protein family involved in the regulation of 

apoptotic cell death, consisting of anti-apoptotic and pro-apoptotic members. The anti-

apoptotic members of this family, such as Bcl-2 prevent apoptosis either by sequestering 

proforms of death-driving cysteine proteases called caspases (a complex called the 

apoptosome) or by preventing the release of mitochondrial apoptogenic factors such as 

cytochrome c and AIF (apoptosis-inducing factor) into the cytoplasm. In contrast, Bax is a 

proapoptotic marker, which is increased in the early stages of intoxication and disease. Bax 

also trigger the release of caspases from death antagonists via heterodimerization and also by 

inducing the release of mitochondrial apoptogenic factors into the cytoplasm via acting on 

mitochondrial permeability transition pore, thereby leading to caspase activation. Thus, the 

Bcl-2 family of proteins acts as a critical life-death decision point within the common 

pathway of apoptosis (Eleawa et al., 2014; Alkhedaide et al., 2016). The increased production 

of luteinizing hormone (LH) and follicle-stimulating hormone (FSH) allows the synthesis of 

cholesterol by activating the enzymes of cholesterol biosynthesis, including cholesterol ester 

hydrolase. Furthermore, LH and FSH production regulates the uptake of cholesterol esters. 

CdCl2 administration down regulates the expression of 3β-HSD and 17β-HSD enzymes, and 

serves a critical role in steroidogenesis (Alkhedaide et al., 2016). 

 

Ellagic acid, a member of flavanoids (EA; C14H6O8; MW: 302.202; 3,7,8-

tetrahydroxy[1]-benzopyrano[5,4,3-cde][1] benzopyran-5,10-dione) has been receiving the 

most attention because it has potent antioxidant activity, radical scavenging capacity, 

chemopreventive  and antiapoptotic (Turk et al., 2010;  Ceribasi, et al., 2010) properties. It is 

believed that EA functions either by countering the negative effects of oxidative stress by 

directly acting as an antioxidant or by activating ⁄ inducing cellular antioxidant enzyme 

systems (Atessahin et al., 2010). The no-observed-effect level (NOEL) will be estimated to 

https://en.wikipedia.org/wiki/Pregnenolone
https://en.wikipedia.org/wiki/Progesterone
https://en.wikipedia.org/wiki/17%CE%B1-Hydroxypregnenolone
https://en.wikipedia.org/wiki/17%CE%B1-hydroxyprogesterone
https://en.wikipedia.org/wiki/Dehydroepiandrosterone
https://en.wikipedia.org/wiki/4-androstenedione
https://en.wikipedia.org/wiki/Androstenediol
https://en.wikipedia.org/wiki/Testosterone
https://en.wikipedia.org/wiki/Androstadienol


be 5% (3011 mg/kg b.w./day) for males and the no-observed-adverse-effect level (NOAEL) 

and NOEL in females will be estimated to be 5% (3254 mg/kg b.w./day) and <1.25% (778 

mg/kg b.w./day), respectively (Tasaki et al., 2008). On the other hand, some studies have 

reported the failure of antioxidant therapy in limiting cadmium induced testicular damage 

(Alkhedaide et al., 2016). Hence, the present study will be designed to investigate the 

protective role of EA in cadmium induced testicular toxicity. However, to date, there is no 

available information on the impact of EA on testicular toxicity after Cd exposure in rats. 

Therefore, the aim of the present study will be to investigate whether ellagic acid (EA) has 

protective effect on cadmium chloride (CdCl2)-induced testicular and spermatozoal toxicity 

associated with the oxidative stress.  

 

AIMS AND OBJECTIVES 

To evaluate the protective effect of ellagic acid against cadmium -induced testicular toxicity 

in rats with respect to:- 

 Oxidative stress (MDA) and antioxidant enzymes (SOD, GST, GSH) concentrations. 

 Sperm quality and serum hormone (LH, FSH, estradiol and testosterone) analyses. 

 Histopathological analysis and DNA damage detection. 

 Assessment of modulation of steroidogenic, apoptosis, cell proliferation and 

cytoprotection activities by immunohistochemical, Western blotting and RT-PCR. 

REVIEW OF LITERATURE 

             Cadmium is a commonly used chemical in agricultural and industrial operations and 

is released into the environment causing atmosphere, soil, and water pollution. Cadmium can 

accumulate in the body for up to 40 years, so it can harm human health over an extended 

period of time (Wang et al., 2016). There has been a surge in Cd pollution of the environment 

partly due to urbanization resulting in increase in Cd exposure in human beings which is 

subsequently leading to higher incidence of Cd-related diseases (Adaramoye et al., 2016).  

Phenolic phytochemicals such as ellagic acid (EA) are important components of fruits and 

vegetables and are partly responsible for their beneficial health effects against oxidation-

linked chronic diseases such as cancer and cardiovascular diseases (Atessahin et al., 2010). 

Ellagic acid (EA) has received particular attention because of its wide array of biological 

properties (Tasaki et al., 2008). Previous studies observed that EA significantly improved the 



damages in sperm parameters, oxidant/antioxidant balance and testicular apoptosis induced 

by chemotherapeutics such as cisplatin (Turk et al., 2008) and cyclophosphamide (Turk et al., 

2010a). Experimental studies have shown that Cd can induce oxidative stress and apoptosis 

of germ cells (Khojastehfar et al., 2014). Several agents have been reported to mitigate Cd-

induced toxicity in testis (Jahan et al., 2014). The formation of multinucleated giant cells in 

Cd-intoxicated rats suggests continuous degeneration of spermatogenic epithelium and 

appears to represent a non-specific reaction to injury (Ponnusamy and Pari, 2011). In view of 

the above-mentioned, the expedition for safer and active agents that can alleviate cadmium-

induced pathologies is required.  

 

           Bax is a proapoptotic marker, which is increased in the early stages of intoxication and 

disease. Conversely, Ki-67 expression is a marker for cell proliferation. High expression of 

Ki-67 has been reported in cells during G2 and early M stages of cell growth. The results of 

the present study confirmed that Bax markers will be increased in the spermatogenic cells of 

the CdCl2-treated group, while Ki67 will be decreased. It has been reported that a decrease in 

StAR activity is associated with a decrease in steroidogenesis (Alkhedaide et al., 2016). 

Previous studies have shown that, CdCl2 intoxication increases the expression of pro-

apoptotic proteins p53 and Bax, while reducing the expression of Bcl-2, an anti-apoptotic 

protein. CdCl2 induced concomitant increases in expression of P53 and Bax but led to 

decreased expression of Bcl-2, suggesting their important roles in testis damage, apoptotic 

cell death and decreased semen parameters elicited by CdCl2 (Eleawa et al., 2014). 

 

           Hence, in the light of prospective antioxidant activity of flavonoids, we hypothesized 

that prophylactic treatment of EA may have protective effects against CdCl2 induced on 

testicular toxicity by interfering with pathogenetic pathway and oxidative processes. 

Therefore the present study will be undertaken to investigate the protective role of EA against 

CdCl2 induced deteriorated epididymal sperm characteristics, damaged oxidant/antioxidant 

balance and testicular apoptosis in rats. 

 

MATERIALS AND METHODS 

Animals and experimental design 

The animal care and handling was done according to the guidelines approved by the Animal 

Ethics Committee of Mizoram University, Aizawl, India (MZUIAEC 17-18/1). Usually, three 



months old male Wistar rats (150 - 180 g) was procured and maintained under the controlled 

conditions of temperature (23 ± 2°C), humidity (50 ± 5%) and 12 h of light and dark cycle, 

respectively. The animals had free access to the standard food and water. The animals were 

divided into four groups where six animals each were housed in a polypropylene cage 

containing wood powder (procured locally) as bedding throughout the experiment:  

Group I: Control where the animals were given any treatment.  

Group II: Cadmium Chloride alone (5 mg/kg b.wt of cadmium chloride in distilled water for 

30 and 60 consecutive days) (Alkhedaide et al., 2016). 

Group III: Ellagic acid alone (2 mg/kg b.wt. of ellagic acid in alkaline solution) (Atessahin 

et al., 2010).  

Group IV: CdCl2+Ellagic acid (5 mg/kg b.wt. of cadmium first and then 2 mg/kg b.wt. of 

ellagic acid administration). 

The animals from all groups were sacrificed after 60 days CdCl2 and ellagic acid 

administration.  

Sperm analysis  

The technique of Wyrobek et al. (1984) was adopted for sperm abnormality. To 

evaluate the sperm abnormalities, the sperm suspension will be stained with eosin, dropped 

on slides to determine the motility, abnormality (using Olympus microscope by objective 

(40×). Abnormality was classified in head and tail. Abnormal sperm cells will be counted and 

the percentage calculated. To assess motility, the sperms was classified as motile sperm (M) 

and non-motile (NM). To evaluate the daily sperm production in testes, spermatozoa was 

counted as per the standard protocol of Robb et al. (1978). Motile sperm cells was counted 

and the percentage calculated. 

 

DNA Damage – Acridine orange staining and TUNEL assay 

Sperms with normal DNA fluorescence inhibit green colour and those with abnormal 

DNA fluorescence red or yellow. It is important to score DNA normality immediately after 

staining (Tejeda et al., 1984).  

 



Determination of oxidative stress (lipid peroxidation) and Antioxidant 

enzymes  

Lipid peroxidation (MDA) (Satoh et al., 1978), superoxide dismutase (SOD) (Asada 

et al., 1974), reduced glutathione (GSH) (Moron et al., 1979) and glutathione S-transferase 

(GST) (Habig et al., 1974) was estimated by following standard protocols. 

 

Measurement of reproductive hormones in the serum 

Concentration of different hormones (testosterone, leuteinizing hormone and follicle 

stimulating hormone) was analyzed using ELISA reader in the serum by following standard 

protocols as per the manufactures instructions. 

 

Histopathological and immunohistochemical study of the testes  

Sections (5 μM) were cut using a microtome from the left and right testes of the rats 

and will be processed for general histological staining using hematoxylin and eosin stain 

(Sigma-Aldrich), based on previously stated protocols (Bancroft and Gamble, 2002). The 

sections were deparaffinized in xylene and dehydrated in various ascending concentrations of 

ethanol. Endogenous peroxidase activity was blocked with 3% hydrogen peroxide for 15 min. 

Blocking of non-specific binding was conducted using normal horse serum (Sigma-Aldrich) 

for 20 min at room temperature. Subsequently, the testicular sections were incubated with the 

following primary antibodies for 30 min: 1) Anti-B-cell lymphoma 2-associated X protein 

(Bax), 2) Anti-Bcl-2 (B-cell lymphoma 2), 3) anti-PCNA, 4) anti-HSP 70, and 5) anti-3β-

HSD at dilutions of 1:1,000 for each antibody. Subsequently, the immunoperoxidase 

technique [avidin-biotin complex (ABC) kit; Lab Vision Corporation, Fremont, CA, USA) 

was used to stain the testicular sections and the binding sites will be detected with ABC 

chromogen. For rinsing between each step, phosphate-buffered saline was used. Finally, all 

sections were counterstained with hematoxylin and eosin stain and images were viewed 

microscopically and captured using a digital camera.  

Western blotting method to detect Bcl2 expression 

 

         Western blot analysis for Bcl2 was carried out as previously described by Clark et al. 

(1994). 

 

Statistical analysis 

                All values were presented as mean ± S.E.M. Differences were considered to be 

significant at p < 0.05. One-way ANOVA and post hoc Tukey-high significant differrence 



(HSD) test was used to determine differences between groups. The SPSS ⁄ PC Program was 

used for the statistical analysis. 

SUMMARY OF RESULT 

• CdCl2 administration significantly decreased sperm count, sperm motility and sperm 

morphology of rats. The changes observed in the above agree with the reports, which 

demonstrated that cadmium impairs testicular function.  

• The significant reduction in sperm count, motility and morphology observed in this 

study following CdCl2 administration may be associated to impairment of 

steroidogenesis consequent to reduced secretion of testosterone (from testis) caused 

by administration of CdCl2.  

• Regardless of the mechanism of induction of oxidative stress in cells by cadmium, 

increase in ROS occurs, which leads to the damage and changes in their structure and 

metabolism.  

• Studies have shown that exposure to cadmium causes lipid peroxidation, which leads 

to oxidative stress. SOD is an enzymatic antioxidant that converts superoxide radicals 

into hydrogen peroxide and oxygen, which is further converted into water.  

• A significant reduction in the activities of both SOD and GST, but significant rise in 

the MDA levels in testicular tissues of rats administered with CdCl2. The 

derangement in the lipid peroxidation and anti-oxidant status of testicular tissues 

might be a contributing factor in the reduction of testosterone secretion with resultant 

poor sperm quality. 

• EA significantly increased SOD and GST activities, thus enhancing the anti-oxidant 

system in the testicular tissues. This is in agreement with the previous studies. 

• EA improved sperm quality in rats. Pre-treated with EA also prevented CdCl2 – 

induced poor sperm quality by inhibiting lipid-peroxidation. 

• EA enhances testicular oxidative status. The study also shows that EA pre-treatment 

prevents cadmium chloride – induced testicular toxicity by increasing the tissue 



enzymatic antioxidant activities (SOD and GST) and reducing lipid peroxidation 

(MDA).  

• Immunohistochemical staining of sections from the treated rats revealed only PCNA-

positive spermatogonia. Bax expression was also assessed in sertoli cells, 

spermatogonia and spermatocytes where deficiency of Bax results in increased 

apoptosis and testicular atropy. 

• Bcl-2 an antiapoptotic gene was significantly downregulated, confirming the 

apoptotic effect due to cadmium exposure. 

• Varied effects of Cadmium under different conditions in different cell lines have 

rendered the possibility of a specific mechanism evasive. Such being the case, it is 

necessary to profile the effects comprehensively and identify the common themes in 

cadmium toxicity for further progress to be made in this regard.  

• The findings in the study showed that pre-treatment of rat model with ellagic acid 

prevented CdCl2 – induced reproductive toxicity by improving sperm quality and 

enhancing testicular lipid peroxidation status.  

• To date information of the pharmacological properties of EA in the context of 

hepatoprotection is very limited; therefore it is important to extend the knowledge 

about the action mechanisms of this flavonoid and to perform additional preclinical 

studies in vitro and in vivo models. 

• Also, it is worth mentioning that the effects of EA and pomegranate juice (containing 

EA) are being evaluated in phase I, II and III clinical trials (ClinicalTrials.gov 

Identifier: NCT00455416; NCT02263378; NCT01916239), though these studies are 

focused mainly on its anticarcinogenic activity and in hyper-pigmentation disorders 

treatment. 

• These pioneer studies might be a breakthrough in the search for natural compounds 

with beneficial activities to humans and serve as a basis in the near future to begin 

tests seeking to prevent, reduce or eliminate testicular damage caused by the exposure 

to xenobiotics or disease.  



• By better defining the problems, learning about the mechanisms responsible for 

adverse effects, and developing panels of relevant biomarkers, we will make progress 

towards preventing future adverse effects on male reproductive health. 

• In conclusion, this study suggests that cadmium causes testicular toxicity, but the 

flavonoid compound ellagic acid is protective in terms of sperm count, motility and 

morphology. The histo-architecture of testis was also restored by ellagic acid 

confirming its protective effect.  

• This action of ellagic acid may be closely related to its antioxidant and antiapoptotic 

property, which needs further research. Therefore, ellagic acid may be useful in 

epileptic patients on long-term cadmium treatment if proved effective in clinical trials.  
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