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Abstract 

Background: Industrial copper ingest is a common form of poisoning in animals. 

Zinc has an important role in the physiology of spermatozoa, in sperm production 

and viability. 

Objective: This study was set to investigate whether the adverse effects of long term 

copper consumption on quality of rat spermatozoa could be prevented by zinc 

therapy. 

Materials and Methods: Forty eight mature (6-8 weeks old) male rats were 

randomly allocated to either control (Cont, n=12) or three treatment groups each 

containing twelve animals. Animals in the first treatment group was gavaged with 

copper sulfate, the second treatment group was injected with zinc sulfate, and the 

third treatment group was given combined treatment of copper and zinc. Control 

animals received normal saline using the same volume and similar methods. Six rats 

from each group were sacrificed on day 28 and 56 after treatments for sperm quality 

evaluations. 

Results: In spite of testicular weight reduction 56 days after copper consumption in 

comparison to the control group (p=0.002), there was not a significant difference 

between the control and combined treatment of copper and zinc group (31.40±0.55 

vs. 28.63±0.55, p=0.151). Administration of copper caused a significant decrease in 

the sperm count, viability and motility after 56 days compared to the control group. 

However, a complete recovery in sperm count was seen in combined treatment of 

copper and zinc group after 56 days compared to the control group (p=0.999) and a 

partial improvement was seen about the percentage of viability and motility 

(p<0.001). 

Conclusion: Adverse effects of long term consumption of copper on sperm quality 

could be prevented by zinc therapy in rats. 
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Introduction 
 

ong-term intake of copper (Cu) 
compounds of different origin is the 
most common form of copper 

poisoning in animals. It means that the 
animals are reared close to industrial plants, 
and ingest Cu from industrial deposits through 
feed or from air throughout their entire life (1). 
Another important form of Cu poisoning is 
occupational exposure which may lead to 
copper toxicosis in the industrial workers (2). 
Clinical manifestations associated with Cu 
poisoning and its pathological features 
specially in organs such as liver, kidney, 
spleen, lung and intestine have been well 
demonstrated in animals (1, 3). Recently, the 
adverse effect of Cu poisoning on sperm 

quality and testicular histopathology has been 
reported (4).  

Attempt has been made to prevent the 
occurrence of the disease by dietary 
supplementation with molybdenum and sulfate 
but despite of the success of these reports, 
there has been fear of inducing a Cu 
deficiency state (5, 6). Zinc (Zn) is a 
micronutrient that has an important role in the 
physiology of spermatozoa, in sperm 
production and/or viability, in the prevention of 
sperm degradation and in sperm membrane 
stabilization (7, 8). Increase in liver Zn content 
causes a redistribution of hepatic Cu, with an 
increase in the amount bound to 
metallothionein, which is thought to be 
involved in the storage and detoxification of 
copper (9).  
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It has been found that zinc 
supplementation is able to control the 
incidence of Cu toxicosis in sheep (10). 
Therefore, in this paper, protective effect of 
zinc sulfate against deleterious effects of long 
term administration of copper on rat 
epididymal sperm quality has been 
investigated. 
 

Materials and methods 
 

Animals 
Male Sprague-Dawley rats (250-300 gr) 

were obtained from Razi Research Institute of 
Kerman, Iran. The mice were fed with 
standard commercial laboratory chow [(pellet 
form), Javeneh Khorasan Co., Mashhad, Iran] 
and water ad libitum and housed under 
standard laboratory conditions (12 h light: 12 h 
dark and 22±2oC) during the experimental 
period in October-December 2011. All animals 
were care for and used in accordance with the 
International Guiding Principle for Biomedical 
Research Involving Animals at Veterinary 
Faculty of Shahid Bahonar University of 
Kerman, Iran (Certificate No. 550/237). 
 
Study design 

Forty eight mature (6-8 weeks old) male 
rats were randomly allocated to either control 
(Cont, n=12) or three treatment groups each 
containing twelve animals. The first treatment 
group received copper sulfate at a dose of 
200 mg/kg in 0.2 cc once a day for 56 
consecutive days by gavage (Cu group, 
n=12), the second treatment group was 
injected zinc sulfate at a dose of 10 mg/kg in 
0.1 cc intraperitoneally every other day for 56 
days (Zn group, n=12) and the third treatment 
group was given combined treatment of the 
first and second treatment groups (ZC group, 
n=12). Control animals received normal saline 
using the same volume and similar methods. 
The dose of copper sulfate and zinc sulfate 
used in our experiment was according to the 
previous studies (4, 11).  
 
Sperm quality 

Six male rats from the experimental groups 
were sacrificed upon diethyl ether anesthesia 
(May & Baker Ltd., Dagenham, England) by 
cervical dislocation on days 28 and 56 after 
treatments. The testes and epididymides were 
gently excised and weighed and the cauda 
epididymides were isolated and placed in a 

Falcon tube containing 1 mL of D-PBS 
(pH=7.4, mOsm=295). The tissue of cauda 
epididymidis was minced by using sharp 
scissors to release spermatozoa. The 
spermatozoa were allowed to swim out and 
then incubated for 15 min in an atmosphere of 
5% CO2 at 37oC, prior to determining sperm 
quality. For determination of sperm motility, 
the suspension was stirred and then one drop 
was placed on a pre-warmed (37oC) 
microscope slide and covered with 22×22 mm 
cover slip.  

The percentage of total sperm motility was 
estimated by visual examination at ×400 
magnification using a phase contrast 
microscope with heated stage. For 
determination of sperm concentration, 10µL of 
the sperm suspension were transferred into 
an Eppendorf tube and diluted with 380 µL of 
D-PBS. After mixing, the sperm suspensions 
were counted using Neubauer counting 
chamber and expressed as ×106/mL. 
Assessment of the percentage of live and 
dead spermatozoa was performed using a 
eosin-nigrosin blue staining mixture (11). 
 
Statistical analysis 

In the present experimental work, 
differences between control and treatment 
groups were analyzed by One-Way ANOVA 
while multiple comparisons were performed 
using Tukey’s test as post hoc. All values 
were given as mean±SEM and differences 
were considered to be significant at p<0.05. 
The SPSS® software for windows was used 
for data evaluation (SPSS Inc, Chicago, IL, 
USA). 
 

Results 
 

There was a non-significant decline in rat’s 
testicular weight after 28 days of copper 
sulfate consumption (Cu28 group, p=0.128). 
This testicular weight reduction, 56 days after 
treatment with copper (Cu56 group), showed 
a significant difference with the control group 
(p=0.002). Although a decrease was observed 
in the mean testicular weight of ZC group 
following 56 days but it was not significant in 
comparison to the control (Table I). Copper 
intake did not have any significant effect on 
sperm count following 28 days (Figure 1) but 
caused a significant decrease in the number 
of spermatozoa after 56 days compared to the 
control group (p=0.001).  
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However, a complete recovery was 
observed in ZC group after 56 days. The 
number of spermatozoa showed a significant 
increase in rats that had received zinc alone in 
the first 4 weeks but interestingly zinc impact 
on sperm concentration was completely 
prominent after 56 days (p<0.001, Figure 1). 
Copper consumption by rats significantly 
reduced the percentage of live spermatozoa 
after 28 days (p<0.001, Figure 2) but its effect 
on decreasing the percentage of live 
spermatozoa was severe after 56 days 
(p<0.001).  

Administration of zinc (ZC28 group) could 
significantly improve the adverse effect of 
copper on the percentage of live spermatozoa 
but only a partial recovery was observed after 
56 days compared to Cu56 group (p<0.001) 
and still ZC56 group had a significant 
difference with the control group (p<0.001). 
Also, administration of zinc by itself could 
significantly increase the mean percentage of 

live spermatozoa after 56 days. The mean 
percentage of total sperm motility (Figure 3) 
decreased 28 days after copper treatment 
compared to the control group (p<0.001). 
However severe and significant impact of 
copper on sperm motility was observed after 
long term consumption (56 days). Zinc 
therapy completely recovered deleterious 
effects of copper (ZC group) in the first 28 
days, so we could not see any significant 
difference between ZC group and the control 
group (p=0.328) but only a partial recovery 
was observed after 56 days. It means that the 
percentage of total sperm motility in ZC56 
group was significantly higher than Cu56 
group (p<0.001) and lower than the control 
group (p<0.001).  

Similar to the above mentioned 
parameters, zinc therapy after 56 days 
significantly improved the percentage of total 
sperm motility in comparison to the control 
group (p<0.001). 

 

 

 

 

 
Table I. Comparing of the mean (± SEM) testicular weight (gr) in different groups during the study period 

Parameter Control 

Experimental groups 

28 days after treatment 56 days after treatment 

ZC Cu Zn ZC Cu Zn 

No. of rats 12 6 6 6 6 6 6 

Mean (±SEM) 31.40 (0.55)a 30.80 (0.33)a 29.53 (0.79)a 31.20 (0.38)a 31.16 (0.31)a 27.16 (0.64)b 28.63 (0.55)a 

Zn: Zinc.  Cu: Copper.  ZC: Zinc and Copper 

Tukey’s test as post hoc used following one-way analysis for multiple comparisons between experimental groups. a, bCu administration after 56 days 
showed a significant difference with the control group (p=0.002).  

 

 

 

 

 
Figure 1. The mean±SEM of sperm count (×1000/mL) following copper consumption for 56 days and co-administration of zinc. 

Cont, control; Zn28, zinc administration for 28 days; Cu28, copper consumption for 28 days; ZC28, co-administration of zinc and 

copper for 28 days; Zn56, zinc administration for 56 days; Cu56, copper consumption for 56 days; ZC56, co-administration of zinc 

and copper for 56 days. At each column different alphabet shows significant difference (p<0.05). 
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Figure 2. The percentage (mean±SEM) of live spermatozoa following copper consumption for 56 days and co-administration of 

zinc. Cont, control; Zn28, zinc administration for 28 days; Cu28, copper consumption for 28 days; ZC28, co-administration of zinc 

and copper for 28 days; Zn56, zinc administration for 56 days; Cu56, copper consumption for 56 days; ZC56, co-administration of 

zinc and copper for 56 days. At each column different alphabet shows significant difference (p<0.05). 

 

 

 

 
Figure  3. The percentage (mean±SEM) of total sperm motility following copper consumption for 56 days and co-administration of 

zinc. Cont, control; Zn28, zinc administration for 28 days; Cu28, copper consumption for 28 days; ZC28, co-administration of zinc 

and copper for 28 days; Zn56, zinc administration for 56 days; Cu56, copper consumption for 56 days; ZC56, co-administration of 

zinc and copper for 56 days. At each column different alphabet shows significant difference (p<0.05). 

 

Discussion 
 

Many previous studies have reported 
clinical and pathological manifestations of long 
term Cu consumption in naturally occurring 
animals and similar results have been 
described in experimentally induced animals 
(1, 4, 12-16). Since the length of time from 
initiation of stem cell division to formation of 
spermatozoa is around 52 days in the rat, the 
chosen period of times (4 and 8 weeks) 
provide sufficient times to monitor the 
potential recovery of spermatogenesis with 
producing new spermatozoa in our treated 
groups (17). This study revealed features of 
Cu toxicosis in rats sperm quality specially 
following long term administration that is in 
agreement with a previous report by Sakhaee 
et al (4).  

Similar results were also reported in 
workers exposed to electric welding in which 
increased semen concentration of copper 
along with lowered sperm count, sperm 
viability and semen volume were observed 
(18). One of the major mechanism of cellular 
damage observed in chronic Cu toxicosis may 
be associated with Cu-induced lipid 
peroxidation (19). Copper is a strong oxidant, 
in which it could bind to cell molecules during 
the high load (20). Indirectly they can catalyze 
through Fenton/Haber-Weiss chemistry the 
production of cell damage as a consequence 
of metal-driven formation of reactive oxygen 
species (21, 22).  

The other possible explanation for cellular 
damage by Cu overload can be due to effects 
of Cu on cell apoptosis. Apoptosis is 
associated with specific morphological 
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changes which are characterized by 
chromatin condensation, nuclear DNA 
fragmentation, cell shrinkage and membrane-
enclosed cell fragment (apoptic body) 
formation (23). It has been shown that copper 
compounds delay cell-cycle progression and 
increase cell death in different cell cultures 
(24). Previous investigations provide evidence 
that Cu ions are capable of interacting directly 
with nuclear proteins and DNA causing site-
specific damage (25).  

Our experiment clearly demonstrated that 
zinc administration has protective role against 
deleterious effects of Cu on sperm quality. 
Bremner et al believed that Zn could exert this 
protective effect in part through decreasing 
liver Cu content or affect Cu uptake at the 
intestine in supplemented animals (10). It is 
also possible that Zn decreases the toxicity of 
Cu by promoting the formation of nontoxic 
form of Cu. One of the proposed mechanisms 
of zinc’s action is its capacity to displace 
transition metals like Cu from binding sites 
which is thought to be involved in the 
detoxification of Cu. Zinc induces the 
production of metallothionein, an effective 
scavenger of hydroxyl radicals and it has been 
suggested that zinc-metallothionein 
complexes provide protection against free 
radical attack (26). 

Furthermore, the sperm damage observed 
in our study following long term Cu 
administration may be associated with lipid 
peroxidation of sperm cell membrane or 
cytoplasmic organelles similar to previous 
report in liver (27). Therefore, another 
explanation for the protective effects of zinc 
against Cu is that zinc can compete with 
copper to bind to the cell membrane and 
decrease the production of free radicals, thus 
exerting a direct antioxidant action (28).  

In agreement with our study, some authors 
have reported that high concentration of zinc 
may to be associated with enhanced sperm 
parameters including sperm count, motility 
and normal morphology (7, 29-32). The sperm 
nucleus is composed of condensed chromatin 
in which the DNA is stabilized by protamines. 
These basic nuclear proteins, which are 
important for condensation and stabilization of 
the DNA, are held together by sulfhydryl 
bonds (33). Evidence has accumulated that a 
major fraction of Zn in the mammalian 
spermatozoon is located within S-S linked 
structures, mainly in association with 
sulfhydryl groups (34). Zinc stabilizes the 

structures of these proteins, preserves the 
integrity of subcellular organelles and 
prevents destruction of DNA by inhibiting 
degrading enzymes (35). On the other hand, 
zinc is able to affect DNA transcription and 
DNA and protein synthesis because serves as 
a cofactor for more than 80 metalloenzymes 
that are necessary for synthesis of DNA and 
proteins (36). Therefore, not only Zn has 
decrease adverse effects of Cu on DNA by its 
anti-apoptic properties but also can improve 
sperm quality may be through antioxidant 
properties (37, 38). 
 

Conclusion 
 

In conclusion, our study clearly suggests 
that a relative protection against the poisoning 
effects of Cu on sperm quality following long 
term consumption might be obtained by Zn 
administration. Nevertheless, considering 
nontoxic and safe nature of Zn following long 
term administration and also its beneficial 
effects on sperm quality, it could be one of our 
choices for preventive therapies and/or 
improvement in semen quality after Cu 
toxicosis (11).  

 
Acknowledgments 

 
The work was supported by a grant from 

the Vice Chancellor of Research of Shahid 
Bahonar University of Kerman, Kerman, Iran. 

 
Conflict of interest 

 
The authors declare that there are no 

conflicts of interest.  

 
References 

 
1. Elgerwi A, Bires J, Levkut M. Industrial copper 

intoxication in sheep: clinical and pathological 
findings. Acta Vet Brno 1999; 68: 197-202. 

2. Boubsil S, Abdennour C, Tegurin M. Assessment of 
some blood biomarkers of workmen from a copper 
wire factory. Annals Biol Res 2011; 2: 164-169. 

3. Bidewell C, Livesey C. Copper poisoning: 
anemerging disease in dairy cattle. State Vet J 2002; 
12: 16-19. 

4. Sakhaee E, Emadi L, Abshenas J, Kheirandish R, 
Azari O, Amiri E. Evaluation of epididymal sperm 
quality following experimentally induced copper 
poisoning in male rats. Andrologia 2012; 44 (Suppl.): 
110-116. 

5. Kupper J, Bidaut A, Waldvogel A, Emmenegger B, 
Naegeli H. [Treatment of chronic copper poisoning in 
dairy sheep with oral ammonium molybdate and 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

rm
.ir

 o
n 

20
25

-1
1-

05
 ]

 

                               5 / 6

https://ijrm.ir/article-1-439-en.html


Babaei and Abshenas 

582                                                        Iranian Journal of Reproductive Medicine Vol. 11. No. 7. pp: 577-582, July 2013 

sodium sulphate ]. Schweiz Arch Tierheilkd 2005; 
147: 219-224. (in German) 

6. Christodoulopoulos G, Roubies N. Diagnosis and 
treatment of copper poisoning caused by accidental 
feeding on poultry litter in a sheep flock. Aust Vet J 
2007; 85: 451-453. 

7. Lewis-Jones DI, Aird IA, Biljan MM, Kingsland CR. 
Effects of sperm activity on zinc and fructose 
concentrations in seminal plasma. Hum Reprod 
1996; 11: 2465-2467. 

8. Bjorndahl L, Kvist U. A model for the importance of 
zinc in the dynamics of human sperm chromatin 
stabilization after ejaculation in relation to sperm 
DNA vulnerability. Syst Biol Reprod Med 2011; 57: 
86-92. 

9. Bremner I, Marshall RB. Hepatic copper- and zinc-
binding proteins in ruminants. Relationship between 
Cu and Zn concentrations and the occurrence of a 
metallothionein-like fraction. Br J Nutr 1974; 32: 293-
300. 

10. Bremner I, Young BW, Mills CF. Protective effect of 
zinc supplementation against copper toxicosis in 
sheep. Br J Nutr 1976; 36: 551-561. 

11. Ghasemi N, Babaei H, Azizallahi S, Kheradmand A. 
Effect of long-term administration of zinc after scrotal 
heating on mice spermatozoa and subsequent 
offspring quality. Andrologia 2009; 41: 222-228. 

12. Sullivan JM, Janovitz EB, Robinson FR. Copper 
toxicosis in veal calves. J Vet Diagn Invest 1991; 3: 
161-164. 

13. Hamar DW, Bedwell CL, Johnson JL, Schultheiss 
PC, Raisbeck M, Grotelueschen DM, et al. Iatrogenic 
copper toxicosis induced by administering copper 
oxide boluses to neonatal calves. J Vet Diagn Invest 
1997; 9: 441-443. 

14. Steffen DJ, Carlson MP, Casper HH. Copper 
toxicosis in suckling beef calves associated with 
improper administration of copper oxide boluses. J 
Vet Diagn Invest 1997; 9: 443-446. 

15. Minervino AH, Barreto Junior RA, Ferreira RN, 
Rodrigues FA, Headley SA, Mori CS, et al. Clinical 
observations of cattle and buffalos with 
experimentally induced chronic copper poisoning. 
Res Vet Sci 2009; 87: 473-478. 

16. Araya M, Kelleher SL, Arredondo MA, Sierralta W, 
Vial MT, Uauy R, et al. Effects of chronic copper 
exposure during early life in rhesus monkeys. Am J 
Clin Nutr 2005; 81: 1065-1071. 

17. Lohmiller JJ, Swing SP. Reproduction and Breeding. 
In: Suckow MA, Weisbroth SH, Franklin CL (eds) The 
Laboratory Rat. 2

nd
 Ed. Elsevier Academic Press, 

London, UK, 2006; 153. 
18. Wu W, Zhang Y, Zhang F. [Studies on semen quality 

in workers exposed to manganese and electric 
welding]. Chung Hua Yu Fang I Hsuch Tsa Chih 
1996; 30: 266-271. (in Chinese) 

19. Zhang SS, Noordin MM, Rahman SO, Haron J. 
Effects of copper overload on hepatic lipid 
peroxidation and antioxidant defense in rats. Vet 
Hum Toxicol 2000; 42: 261-264. 

20. Linder MC, Hazegh-Azam M. Copper biochemistry 
and molecular biology. Am J Clin Nutr 1996; 63: 
797S-811S. 

21. Pourahmad J, O'Brien PJ. A comparison of 
hepatocyte  cytotoxic mechanisms for Cu

2+
 and Cd

2+
. 

Toxicology 2000; 143: 263-273. 
22. Gaetke LM, Chow CK. Copper toxicity, oxidative 

stress, and antioxidant nutrients. Toxicology 2003; 

189: 147-163. 
23. Kerr JF, Wyllie AH, Currie AR. Apoptosis: a basic 

biological phenomenon with wide-ranging 
implications in tissue kinetics. Br J Cancer 1972; 26: 

239-257. 
24. Aston NS, Watt N, Morton IE, Tanner MS, Evans GS. 

Copper toxicity affects proliferation and viability of 
human hepatoma cells (HepG2 line). Hum Exp 
Toxicol 2000; 19: 367-376. 

25. Kang J, Lin C, Chen J, Liu Q. Copper induces 
histone hypoacetylation through directly inhibiting 
histone acetyltransferase activity. Chem Biol Interact 
2004; 148: 115-123. 

26. Shaheen AA, el-Fattah AA. Effect of dietary zinc on 
lipid peroxidation, glutathione, protein thiols levels 
and superoxide dismutase activity in rat tissues. Int J 
Biochem Cell Biol 1995; 27: 89-95. 

27. Sokol RJ, Devereaux M, Mierau GW, Hambidge KM, 
Shikes RH. Oxidant injury to hepatic mitochondrial 
lipids in rats with dietary copper overload. 
Modification by vitamin E deficiency. 
Gastroenterology 1990; 99: 1061-1071. 

28. Burke JP, Fenton MR. Effect of a zinc-deficient diet 
on lipid peroxidation in liver and tumor subcellular 
membranes. Proc Soc Exp Biol Med 1985; 179: 187-

191. 
29. Mankad M, Sathawara NG, Doshi H, Saiyed HN, 

Kumar S. Seminal plasma zinc concentration and 
alpha-glucosidase activity with respect to semen 
quality. Biol Trace Elem Res 2006; 110: 97-106. 

30. Kendall NR, McMullen S, Green A, Rodway RG. The 
effect of a zinc, cobalt and selenium soluble glass 
bolus on trace element status and semen quality of 
ram lambs. Anim Reprod Sci 2000; 62: 277-283. 

31. Zhao RP, Xiong CL. [Zinc content analysis in serum, 
seminal plasma and spermatozoa of 
asthenozoospermic and oligoasthenozoospermic 
patients]. Zhonghua Nan Ke Xue 2005; 11: 680-682. 
(in Chinese) 

32. Chia SE, Ong CN, Chua LH, Ho LM, Tay SK. 
Comparison of zinc concentrations in blood and 
seminal plasma and the various sperm parameters 
between fertile and infertile men. J Androl 2000; 21: 
53-57. 

33. Hafez ESE, Hafez B. Reproduction in Farm Animals. 
Lippincott Williams and Wilkins, Philadelphia, USA; 
2000. 

34. Hidiroglou M, Knipfel JE. Zinc in mammalian sperm: 
a review. J Dairy Sci 1984; 67: 1147-1156. 

35. Sharif R, Thomas P, Zalewski P, Fenech M. The role 
of zinc in genomic stability. Mutat Res 2012; 733: 
111-121. 

36. Favier AE. The role of zinc in reproduction. Hormonal 
mechanisems. Biol Trace Elem Res 1992; 32: 363-
382. 

37. Chimienti F, Aouffen M, Favier AE, Seve M. Zinc 
homeostasis regulating proteins: new drug tergets for 
triggering cell fate. Curr Drug Targets 2003; 4: 323-
338. 

38. Zago M, Oteiza PI. The antioxidant properties of 
zinc: interactions with iron and antioxidants. Free 
Rad Biol Med 2001; 31: 266-274. 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

rm
.ir

 o
n 

20
25

-1
1-

05
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               6 / 6

https://ijrm.ir/article-1-439-en.html
http://www.tcpdf.org

