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ABSTRACT: 
Copper a transition element is essential for innumerable 
physiological functions. Copper deficiency has now been 
recognized and is global problem-affecting person of all 
age groups leading to untold problems. The study 
determines the effect of copper deficiency on caudal 
sperm density, and viability as well as sperm vas deferens 

morphology of male Wistar rats.  Pre-pubertal male 
Wistar rats (35-50 g) were divided into four groups: 
Negative control (NC), copper control (CC) and pair fed 
(PF) group [126 nmol Cu/g of diet] as well as copper 

deficient (CD) group [6.3 nmol Cu/g of diet]. Duration of 
experiments was 2-, 4- and 6- weeks. Caudal epididymal 
sperm density and viability were recorded while vas 
deferens sperm morphology was analysed. Studies 
revealed significant (P<0.05) decrease in sperm density as 

well as viability in the copper deficient group animals. 
Sperm morphology showed various abnormalities in 
dietary copper deficient group animals, which were more 
pronounced after 6 weeks. Copper under nutrition 

starting from prepubertal period negatively affected 
sperm density and viability as well as morphology as 

evident by insufficient acrosome, abnormal head and tail 
cytoplasmic integrity – all of which could probably be 

due to enhanced oxidative stress and other protein factors 
which could be one of the causative factors leading to 
infertility if the duration of copper deficit enhances. 
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INTRODUCTION  
 
Infertility has become a global problem and it is 
anticipated that 48 million couples and 186 
million persons worldwide are infertile 
(Ombelet, 2020). Impaired spermatogenesis and 
sperm function are the most common cause of 

male infertility (Elbashir et al, 2021). 

Microelements are crucial for the maintenance of 
various critical physiological as well as 
biochemical processes due to their high activity 

at molecular level (Saini and Nair, 2022; Tvrdá et 
al, 2012). The involvement of copper in one - 

electron transfer reaction defines the activity and 
function of numerous enzymatic and non-
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enzymatic proteins, which play a significant role 
in homeostatic process. Homeostasis of copper is 
achieved by copper transporters, chaperone 

proteins and metallothioneins (Chen et al, 2022; 
Ruiz et al, 2021; Herman et al, 2020; Kaplan and 

Maryon 2016). The occurrence of cupric (Cu2+) 
ions in epididymal lumen secreted by its 

epithelial cells has been reported (Roy et al, 2014). 
In addition to being present in the somatic cells 
of the testis and epididymis, copper-dependent 
enzymes such as ceruloplasmin, superoxide 
dismutase SOD1 and SOD3, group of 

metallothionein and cytochrome c oxidase are 
present at all phases of gametogenesis (Ogórek et 

al, 2017a). Copper has a role in sperm volume, 
vitality and motility (Kňažická et al, 2013; Eidi et 
al, 2010) as Slc31a1 (copper importer) was located 
in mouse spermatozoa/sperm isolated from 
epididymis (caput, corpus and cauda) and vas 
deferens (Ogórek et al, 2019). Further, 
CCS/SOD1 has also been detected in 

spermatozoa (Ogórek et al, 2019; Park et al, 2012). 
Significant quantities of copper are also present 
in fluids connected to sperm in the prostate and 
epididymis (Ogórek et al, 2017a). Abnormal 
concentrations of calcium and magnesium as 
well as trace metals, including zinc and copper, 
can have an impact on spermatogenesis affecting 

the spermatozoa's ability to fertilize and mature 
(Chow et al, 2023; Skandhan 1992).  

 
Mammalian spermatozoa / sperm DNA is 

susceptible to damage during spermiogenesis 
and also at later stages (Kuchakulla et al, 2021; 
González-Marín et al, 2012). Oxidative stress 
caused by an excessive formation of reactive 

oxygen species (ROS) can have a severe negative 
impact on the sperm plasma membrane and its 
functional integrity (Walke et al, 2023). Sabeti et 
al, (2016) reported generation of ROS from 
immature and abnormal spermatozoa. Defense 

against oxidative stress in shielding 
spermatozoa/ sperms is achieved by secretions 
in epididymis and seminal plasma on account of 
antioxidant enzymes as well as glutathione 

(Fouchecourt et al, 2000; Tramer et al, 1998). 
Copper has redox activity and hence can generate 
hydroxyl radicals through Fenton reaction (Van 
den Berghe and Klomp, 2010) which may cause 
oxidative damage to proteins, lipids and nucleic 
acids. Hence, an attempt was made to study the 
consequence of dietary copper deficiency on 

prepubertal Wistar rat sperm morphology and 
kinetics.  
 
MATERIALS AND METHODS  
 
The basal diets were prepared by using ICN 
Research Diet Protocol (1999). The diet (gm / kg 

diet) was composed of: Egg white/ albumin- 180 
gm, Corn oil- 100 gm, Corn starch- 443 gm, 
Sucrose- 200 gm, Cellulose -30 gm, Choline 
chloride- 2 gm, DL- methionine- 7 gm, AIN- 76 

salt mixture- 35 gm, AIN- 76C vitamin-antibiotic 
mixture- 10 gm. Copper contents of basal diet for 
each group were estimated at 324.8 nm in air 
acetylene flame on GBC 902 atomic absorption 

spectrophotometer. Copper concentrations were 
adjusted to 126 nmol/gm and 6.3 nmol/gm using 
copper sulfate for control group and deficient 
group respectively. 
 
Experimental design: Male Wistar rats (30-40 

days- prepubertal period) of 35-50 gms wt.  were 
divided into four groups (n=10 each): Group 1: 

Negative control (NC): fed commercial 
(Ashirwad Ltd.,) diet; Group 2:  Copper control 
(CC): Fed with diet containing 126 nmol Cu/gm. 
Tap water was provided ad libitum; Group 3: Pair-
fed group (PF): Given 126 nmol Cu /gm diet but 
the amount of feed given was equal to the feed 
consumed by copper deficient group the 

previous day to account for starvation and stress 
effect.  Tap water was provided ad libitum; Group 

4:  Copper deficient (CD): Given 6.3 nmol Cu / 
gm diet and demineralized water were provided 
ad libitum. Animals were kept in isolation in 
polypropylene cages with stainless steel grills. 

Cages and water bottles were washed with 
detergent solution, demineralized water and 

finally rinsed in 1% EDTA solution prepared in 
demineralized water for elimination of copper 
traces.  
 
Ethical approval: Experiments were conducted 
for 2-, 4- and 6-weeks and approved by 
Department Research Ethics Committee as well 

as Committee for the purpose of Control and 
Supervision of Experiments on Animals (CPSEA 

-1678/GO/Re/S/12). 
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Parameters  
● Caudal sperm density and viability: Sperm 

density and sperm viability were assessed by 

method given in Sigma bulletin (1998). Briefly, 
cauda epididymis was cut into small pieces in 
normal saline. Sperm collected was centrifuged 
at 225-x g for 10 min. The pellet was re-

suspended in 2.0 ml normal physiological saline 
solution. Sperm counting and sperm viability 
observation was carried using standard 
Neubauer hemocytometer. Trypan blue – dye 

exclusion procedure was used to study sperm 
density and viability. 

● Vas deferens sperm morphology: For evaluation 
of sperm morphology staining technique 

procedure as given by Unnithan (1976) was 
followed. 
 
 
Statistical analysis 

Data expressed as Mean ± SEM. One way 

Analysis of Variance (ANOVA) was carried out 

separately of 2-, 4- and 6- week experimental 
groups followed by post hoc test (Tukey’s 
Multiple Comparison test) if the difference was 
found to be significant. Data were analyzed using 
GraphPad Prism Version 7.0e.  P < 0.05 was 
considered to be significant. 
 
RESULTS 
 
Caudal sperm density recorded significant 
decrease (P<0.05) in deficient groups 
(2.244±0.067, 2 week; 1.697±0.237, 4 week and 

0.907±0.053, 6 week) when compared with their 
respective controls (NC and CC) and PF groups. 
Decline was also evident when NC and CC 
groups were compared with respective PF 

groups (Table 1).

 
Table 1: Wistar rat cauda epididymal sperm kinetics after 2-, 4- and 6-weeks of dietary copper deficient 
diet (Mean ± SEM) 

* P<0.05 Significant 
Where: a= NC Vs CC,b = NC Vs PF, c= NC Vs CD, d=CC Vs PF,e =CC Vs CD, f =PF Vs CD.  
Multiple comparison procedures were performed for 2-, 4- and 6 weeks experimental groups. 
 
Caudal sperm viability reduced significantly 
(P<0.05) in deficient groups (21.510 ± 1.363, 2 

week; 15.073 ± 0.169, 4 week and 8.11 ± 0.52, 6 
week) on comparison with their respective NC, 

CC and PF groups. Assessment of NC and CC 
with respective PF groups also recorded 

significant decrease (Table 1). 
 
Sperms of vas deferens in negative control (2 
weeks – Fig 1a; 4 weeks – Fig.2a; 6 weeks Fig. 3a) 

and copper control 2 weeks – Fig. 1b; 4 weeks- 
Fig. 2b; 6 weeks – 3b) showed normal 

morphology. Dietary copper deficiency revealed 
thinning of principal piece (2 weeks; Figs 1d) 

followed by addition of abnormality such as 
detached head and coiled terminal tail (4 weeks; 

Fig. 2d) with further enhancement of occurrence 
of sperm abnormality after 6 weeks of deficiency 
as evident by deformed head (amorphous), 
abnormal/ lack of complete acrosome and head, 

Groups Sperm density (106/ml) Sperm viability (%) 

2NC 5.773±0.036 47.693±0.406 

2CC 5.772±0.091 47.967±0.320 

2PF 4.290±0.194 b*d* 37.172±0.208 b*d* 

2CD 2.244±0.067 c*e*f* 21.510±1.363 c*e*f* 

4NC 5.937±0.204 58.147±0.470 

4CC 5.910±0.184 58.115±0.222 

4PF 3.703±0.254 b*d* 35.697±0.166 b*d* 

4CD 1.697±0.237 c*e*f* 15.073±0.169 c*e*f* 

6NC 8.328±0.045 68.111±0.85 

6CC 8.320±0.054 67.908±0.95 

6PF 3.452±0.190 b*d* 22.058±0.63 b*d* 

6CD 0.907±0.053 c*e*f* 8.11±0.52 c*e*f* 
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detached head and principal piece thinning with 
cytoplasmic droplet. Detached mid piece with 
proximal piece of tail was also observed (Figs.3 

d—f). Coiled tail was also evident in pair fed 
group of 4 (Fig. 2c) and   6 weeks (Fig. 3c) 

although the number of coiled tails was more 
compared to 4 weeks PF group.          
 

 
    

 
Fig. 1a: Microphotograph of sperm of 2 weeks Negative 
Control (2NC) group showing the normal architecture: 
acrosome (A), hooked head (H),mid piece (M), principal 
piece (Pp) and terminal tail (T).Triple stain,1000X. 
 

Fig. 1b: Microphotograph of sperm 2 weeks Copper 
Control (2CC) group showing the normal architecture: 
acrosome (A), hooked head (H), mid piece (M), principal 
piece (Pp)  and terminal tail (T).Triple stain,1000X. 
 

 
Fig. 1c: Microphotograph of sperm of 2 weeks Pair Fed 
(2PF) group showing the normal    architecture: acrosome 
(A), hooked head (H), mid piece (M) and terminal tail 
(T).Triple stain, 1000X. 
 

Fig. 1d: Microphotograph of sperm of 2 weeks Copper 
Deficient (2CD) group exhibiting acrosome (A), hooked 
head (H) ,mid piece (M) and thinning of principal piece  
at one region (Ppt ) and terminal tail region (T). Inset 
showing thinning region.Triple stain, 1000X. 
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Fig. 2a: Microphotograph of sperm of 4 weeks Negative 
Control (4NC) group showing the normal architecture: 
acrosome (A), hooked head (H),mid piece (M) principal 
piece (Pp)  and terminal tail (T). Triple stain, 1000X. 
 

Fig. 2b: Microphotograph of sperm of 4 weeks Copper 
Control (4CC) group showing the normal architecture of 
acrosome (A), hooked head (H), mid piece (M) and 
principal piece (Pp). Triple stain, 1000X. 
 

 
Fig. 2c: Microphotograph of sperm of 4 weeks Pair Fed 
(4PF) group showing overall normal architecture: 
acrosome (A), hooked head (H),mid piece (M) except for 
coiling of terminal  tail (Tc) Inset showing coiled tail. 
Triple stain, 1000X 
 

Fig. 2d: Microphotograph of sperm of 4 weeks Copper 
deficient (4CD) group showing acrosome (A), head (H) 
,detached head (Hd), mid piece (m) and coiling of 
terminal tail (Tc). Inset exhibiting detached head and 
coiled terminal tail. Triple stain, 1000X. 
 

 

 



Aastha Saini, Ankita Rajendra Kurup, and Neena Nair 

50                         Bulletin of Pure and Applied Sciences- Zoology / Vol.44A, No.1 /January-June 2025 

 
 
Fig. 3a & 3b: Microphotograph of sperm of 6 weeks Negative Control (6NC) group showing acrosome 

(A),  hooked head (H), mid piece (M) and terminal  tail (T). Triple stain,1000X. 
 

 
Fig. 3c: Microphotograph of sperm of 6 weeks Pair fed 
Control (6PF) group showing acrosome (A),  hooked 
head (H), mid piece (M) and coiling of tail (T).Inset 
showing coiled tail. Triple stain,1000X. 
 

Fig. 3d: Microphotograph of sperm of 6 weeks Copper 
deficient (6CD) group showing abnormal acrosome 
(Ab), deformed head (Amorphous) (Ha), mid piece (M), 
retention of cytoplasmic droplets (Cy) in mid piece 
region and proximal piece, proximal piece   thinning  
(Ppt) and  terminal tail (T). Insets showing abnormal 
acrosome and head and another showing principal piece 
thinning with cytoplasmic droplets. Triple stain, 1000X. 
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Fig. 3e: Microphotograph of sperm of 6 weeks 
Copper Deficient (6CD) group exhibiting  
abnormal acrosome (Aa), deformed head 
(Amorphous) (Ha), detached head (Hd), mid piece 
(M), retention of cytoplasmic droplet (Cy) and 
terminal tail (T). Triple stain, 1000X. 
 

Fig. 3f: Microphotograph of sperm of 6 weeks 
Copper Deficient (6CD) group exhibiting 
abnormal /lack of complete hook/acrosome (Aa) 
(also in inset) ,head (H) ,mid piece (M), principal 
piece (Pp), detached mid piece (Mpd) with 
proximal piece of tail (Ppd) and  retention of 
cytoplasmic droplet (Cy). Triple stain, 1000X. 
 

DISCUSSION 
 
Copper has a role in spermatogenesis / sperm 

owing to the fact that copper transporters are 
expressed in testes, epididymis and vas deferens 
(Ogórek et al, 2017b; 2019; Roy et al, 2014; 

Beaudoin et al, 2012). Study revealed diminution 
in caudal sperm density in deficient groups. 
Although effect of copper on sperm is uncertain, 
yet it has been implicated in spermatozoan 
motility and may potentially have an impact on 
the pituitary receptors that regulate LH release 

(Skandhan 1992). Hussain et al, (2011) reported 
significant decline of mean copper concentration 

in azoospermia (0.044 ± 0.010), 
asthenozoospermia (0.025 ± 0.004) and 
oligozoospermia (0.051 ± 0.008) males compared 
to controls (fertile; 157.593 ± 11.785). Contrary to 
this, increased copper /zinc ratio with low zinc 
was recorded in asthenozoospermia (López-
Botella et al, 2021). Assessment was carried out in 

infertile Sudanese males wherein decreased 
copper concentration was observed in 

azoospermic as well as oligozoospermic patients 

(Hassan et al, 2020). Authors (Wong et al, 2001) 

reported that in fertile and infertile men there 
exists a correlation between copper concentration 
in seminal fluid and spermatozoa count, motility 
and morphology.  

 
The study recorded decline in caudal sperm 
viability in deficient groups as well as pair fed 
groups. Increased ROS (i) alters the sperm 

movement effecting calcium channels due to 
lipid peroxidation of the outer membrane with 
consequent depletion of ATP stores (Sharma  et 
al, 2023) (ii) decreased / abnormal sperm 

mitochondrial membrane potential which can 
also be connected to weak DNA integrity- a 
feature  correlated with decreased motility (Zini 
et al, 2001;Raad et al, 2024). Kowal et al, (2010) 
studied mutant mice (ms/- males) and observed 
low sperm DCm (sperm mitochondrial 
transmembrane potential) and high ssDNA 
compared to +/- males with presence of 
cytoplasmic droplets on spermatozoa flagellum 

accounting for decrease in motility Several 
authors (Bisht et al,  2017; Gosálvez et al,  2017) 
reported two primary sources of superoxide 
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radical generation in mitochondria (found 
abundantly in mid piece of spermatozoa):  
(i) Inner mitochondrial membrane NADH-

dependent oxidoreductase and (ii) plasma 
membrane NAD (P) H–oxidase. Decline in sperm 

density and viability can be related to testicular 
decline in glutathione concentration and Cu-Zn 

SOD activity after dietary copper deficiency with 
concomitant increase in total superoxide 
dismutase, Manganese SOD and catalase 
activities indicative of generation of reactive 
oxygen species (Saini et al, 2022). In contrast to 

normozoospermic males, patients with 
asthenozoospermia, asthenoteratozoospermia 

and oligo-asthenoteratozoospermia had 
significantly low catalase activity which was 
related to low sperm quality (Khosrowbeygi et al, 
2004). Copper deficit affected seminiferous 
tubules in animals which was related to DNA 
damage due to enhanced  reactive oxygen species  
as both metallothionein as well as glutathione 

levels were  altered leading to necrozoospermia, 
asthenospermia and sperm DNA fragmentation 
(Tvrda et al, 2015; Picco et al, 2001; Van Niekerk  
et al, 1989). In the current study, decline in 
density and viability was evident which was 
duration dependent after dietary copper 
deficiency and can be correlated to altered 

antioxidant levels with enhanced occurrence of 
abnormal sperms. 
 
Sperms have high level of plasma membrane 

polyunsaturated fatty acids and low antioxidant 
defense enzymes (catalase, superoxide 
dismutase), which makes it more prone to 
peroxidative damage. ROS cause a cascade of 

peroxidation cycles that lead to the oxidation of 
membrane lipids and the fragmentation of 
nucleic acids – all causative factors for sperm 
dysfunction Alvarez and Aitken, 2012). Authors 
(Xu et al, 2013) accorded progressive motility to 

the presence of cytoplasmic droplets indicating 
its essentiality during sperm epididymal 
maturation coupled with unwarranted ROS 
production. Sperm cytoplasmic droplets are 

removed by clear cells of epididymal epithelium. 
Oxidative stress has an effect on sperm fertilizing 
ability, genomic integrity, with sperm possessing 
cytoplasmic residual droplets in the proximal 
region being more prone to DNA damage 
(Hussain et al, 2023; Aydemir et al, 2006). Males 
with MS/- may experience reduced motility 

and/or altered mitochondrial activity as a result 
of delayed residual droplet migration along the 
sperm tail because peroxidation impacts lipids, 

particularly in the mid-piece (Shamsi et al, 2008; 
Gavella et al, 1995). Dietary copper deficiency led 

to alteration/abnormality in the sperm 
morphology. Different concentrations of ROS 

were found to be produced in the subsets of 
ejaculated human spermatozoa using density 
gradient centrifugation, with fraction 2 having 
undeveloped spermatozoa (abnormal head 
morphology as well as cytoplasmic droplet) and 

fraction 4 having mature spermatozoa and 
immature testicular germ cells having the highest 

concentration of ROS (Cavallini, 2006). The 
primary sperm tail thinness observed is 
responsible for the axoneme's structural 
assembly being disrupted which would impair 
motility. Depletion of many genes, such as Spag6, 
SPAG16L isoform MEIG1, typically results in a 
complete loss of progressive motility due to 

annulus and connecting piece abnormalities.  
Further, detachment of mid piece – region would 
alter the outer dense fibers and cause 
abnormality in mitochondria (Lehti and Sironen, 
2017; Zhang et al, 2006, 2009; Sapiro et al, 2002). 
According to Zhang et al., (2012) mitochondrial 
sheath deformities caused by kinesin light chain 

3 (KLC3)'s failure to bind outer dense fibers result 
in modifications to progressive motility and sub-
fertility. Sperm chromatin deficiencies/ 
abnormality are one of the most important causes 

of fertility failure in humans (Chemes and 
Alvarez, 2012). Leung et al, (2023) detected >60 
sperm DMTs proteins of which minimum 15 
were sperm associated and 16 linked to 

infertility. Further, the authors also reported that 
protein tektins located within the axoneme has a 
role in sperm motility and male fertility. Tetkins- 
2,--3,-4 and- 5 have been found to affect sperm 
motility and fertility with genetic variants of 

tetkins-2 and the sperm-specific Tektin-5 related 
to human male infertility(Wyrwoll et al, 2022; 
Zhang et al, 2016; Roy et al, 2007, 2009). 

Expression of copper proteins (CTR1, ATP7A, 

ATP7B, Superoxide dismutase 1, ceruloplasmin) 
for maintaining  copper homeostasis in testicular 
cell types including germ cells and somatic cells  
have been reported (Herman  et al, 2020; Ogórek 
et al, 2017b) which would have an impact on 
sperm volume, motility, and fertilization ability 
(Tvrda et al, 2015; Roy  et al, 2014). It is unknown 
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how copper functions in sperms, however it 
seems to affect their motility and could 
potentially interact with pituitary receptors to 

regulate LH secretion (Slivkova et al, 2009).The 
present study detected low sperm concentration 

with abnormal sperm morphology which can 
also be related to altered sperm proteins, 

antioxidants and hormonal level.  
 
Dyshomeostasis of copper concentration affects 
male fertility in several ways. The abnormal 
morphological features, decreased motility and 

viability observed after dietary copper deficiency 
is indicative of disruption of structural assembly 

and mitochondria, retention of cytoplasmic 
droplet as well as DNA damage probably due to 
excessive ROS generation leading to enhanced 
oxidative stress. The data indicates that dietary 
copper deficiency from pre-pubertal stage 
onwards has a detrimental effect on sperms, 
which may be one of the causative factors for 

infertility and reflects the essentiality of copper 
for normal functioning of sperms.  
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