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Abstract: Childlessness remains as a problem with the couple who suffer and they are psychologically and socially very much disturbed Husband, wife or 

both are likely to be responsible for infertility. Male infertility is on rise world over. Many group of workers are on this study now. Detailed study on 
semen shall give the exact clue to male fertility status. Other than semen parameters, the biochemistry of semen secured attention of several group of 
workers. Knowledge in inorganic chemistry of semen   limited. Similar studies are in progress at different parts of the world. It is now known increase or 
decrease of some elements in semen lead to changes in sperm motility or semen quality. In relation to this, we tried to understand more about elements in 
semen. Considering electrolytes and metals are important for cell functions, few workers are involved in inorganic chemistry of semen study. The present 
study will improve the existing knowledge on elements in semen. Semen samples were supplied by 10 young, normal, healthy men. Samples were collected 
after maintaining an abstinence of five days. Collection was done around 9 am to exclude any chrono biological influence. From each sample, seminal 
plasma was separated at 1 and 3 hours and stored in deep freezer. After thawing and processing, samples were analyzed for elements in it using Inductively 
Couple Plasma Mass Spectrometry (ICPMS). A total number of 28 elements were found in all samples. Their values differed between 1 and 3 hour, either 
more or less. Study concludes with supporting evidences showing the role of elements in sperm survival or function.  
  
Keywords: Male infertility, Human semen, Semen elements. 
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1. INTRODUCTION  
 
Infertility is a major concern to couple as well as their 
clinician. The psychological and social implication of the 
problem is tremendous on couple and at large they feel 
desperate. When a couple reports for infertility, clinician 
starts investigating both male and female partners. The 
detailed knowledge on male reproductive organs and its 
functions are not as rich as that of female. Some reports 
stated this gap as 30 years in knowledge.1,2 These reports 
promoted several groups of workers to explore the details 
of male reproductive system and its function. We reported 
the minute structure of human epididymis3, the inorganic 
elements present in male reproductive structure and in 
semen4. Male infertility rate is on rise. 5-14 World over the 
rate differs, may be due to different conditions like 
atmosphere, climate, food intake, pollution and other 
unknown causes. Environmental contamination due to 
industrial pollution is known to lower testicular function.15- 22    

Investigation for male partners included that of blood and 
semen. Semen acquired large attention as clinicians and 
researchers have been trying to locate unknown causes for 
male infertility. Interest was paid to organic and inorganic 
elements present in semen. Aim of the present study was to 
identify and measure the concentration of different inorganic 
elements present in normal human semen samples. 
 
2. MATERIALS AND METHODS 
 
The study was conducted after getting approval from 
Research Committee of the Institution and Institutional 
Ethical Committee of Chettinad Hospital and Research 
Institute (CHRI/11/16-11-2015).  All glass wares used in this 
study were cleaned in nitric acid, followed by tap water, 
deionized water, double deionized water and made to dry at 
80°C in laboratory hot air oven, air except measuring glass 
wares which were dried in laboratory by placing on filter 
paper. Prior to enrolment consent of volunteers was taken. 
Selected volunteers were healthy, free from any disease and 
they belonged to the age group of 21 to 30 years. They 
belonged to the local region and were from Tamil speaking 
community. Semen was collected from 10 normal male 
subjects. They collected semen samples after maintaining five 
days of abstinence. 23,24. Patients who were on treatment on 
Ayurvedic or Unani systems of medicine were excluded as 
few of their medicines contained minerals and metals. 25 
Semen samples were collected around 9 am into clean and 

dry glass containers with wide mouth provided from 
laboratory. Semen was examined as per WHO.26 Total sperm 
count and percentages of sperm motility are considered as 
two major criteria in semen study. 27 After microscopic study 
each sample was divided equally into two (A and B). Sample A 
was centrifuged at 1 hour and sample B was centrifuged at 3 
hour to separate seminal plasma. Care was taken not to 
break or destroy cells by centrifugation, (1500rpm for 
10mins).27 Separated seminal plasma was collected in micro 
centrifuge tubes and stored at -20°C. Whole semen sample 
directly when stored to frozen state lead to change in values 
of zinc. 26 The procedure for analysis deserves careful 
attention. In one study, when same samples were analyzed by 
using two different procedures for atomic absorption, 
spectrophotometry, results differed.28 We proceeded as 
follows. After thawing a sample, 0.5µl was taken and to which 
0.6 µl of nitric acid (HNO3), 0.4µ l of hydrochloric acid (HCl), 
0.2 µl of hydrogen peroxide (H2O2) and 2400µl of deionized 
water were added. The mixture was then dried at 2000C to 
powder form with the help of a digital heater. Prior to 
analysis this was dissolved in 45 ml of deionized water. 
Elemental analysis of samples (A and B) was done by 
employing Inductively Coupled Plasma Mass Spectrometry 
(ICPMS) (Agilent 7500CE Series, Octapole Reaction System, 
CA, and United States of America) available at Dignity 
Centre, Saidapet, and Chennai. Analysis using the method 
was done to identify and measure level of total 41 elements. 
  
3. STATISTICAL ANALYSIS 
 
We have employed, IBM Statistical Package for the Social 
Sciences (SPSS) version 20 for statistical analysis.  
 
4. RESULTS 
 
A total number of 28 elements were detected and measured 
in seminal plasma (A and B). The average of each element was 
calculated and presented in Table 1. Eight of them niobium, 
palladium, platinum, tantalum, tellurium, tin, vanadium and 
zinconium were below detection level. The values of each 
element detected was different at 1 (A) and 3(B) hours 
(Table 1). The elements like antimony, arsenic, beryllium, 
boron, cadmium, cebium, germanium, lithium, mercury, 
scandium, selenium, silica and silver were not detected in 
samples (A and B) studied. Statistically, no difference was 
seen when values of the two groups were compared within 
and between them.  

 

Table 1. Showing the levels of 28 elements at 1 hour and 3 hour 

Elements At One hour(µg/L) At Three hour(µg/L) 

Aluminum 37.3 53.3 

Barium 10.3 13.2 

Calcium 1646.3 1662.9 

Cerium 379.6 197.8 

Chromium 77.4 81.0 

Cobalt 0.27 0.46 

Copper BDL 2.7 

Gallium 0.2 BDL 

Gold 2.58 0.91 

Iron 376.0 425.2 

Lead 10.36 1.12 

Magnesium 762.6 744.3 

Manganese                   7.96                          7.92 

Molybdenum                   0.66                           0.54 
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Nickel                   29.5                         15.8 

Niobium                   BDL                         BDL 

Palladium                   BDL                         BDL 

Platinum                   BDL                          BDL 

Potassium                13250.0                      11030.0 

Sodium                22180.0                      18820.0 

Strontium                    6.1                          1.4 

Tantalum                   BDL                         BDL 

Tellurium                   BDL                         BDL 

Tin                   BDL                         BDL 

Titanium                    8.4                          5.6 

Vanadium                   BDL                         BDL 

Zinc                   1772                         1499 

Zinconium                   BDL                         BDL 

 
5. DISCUSSION 
 
In human, several electrolytes and metals are detected in 
blood, hair 29,30 and sweat.31 Semen elemental study gathered 
attention since the second half of last century.32-39 The most 
important point in elemental study is preferring high quality 
instruments. In our studies we employed different 
instruments like Neutron Activation Analysis,40 Mass Emission 
Spectroscope,41 Direct Couple Plasma Emission 
spectroscope,42  X-ray Diffraction, 43  Electron Microscopic 
Energy Dispersive X-ray Analysis4 and Atomic Absorption 
Spectrophotometry. 22In a detailed study, human male 
reproductive organs – testis, epididymis-caput, corpus and 
cauda-prostate gland, seminal vesicle, Cowper’s gland and vas 
deferens were studied along with seminal plasma and 
spermatozoa pellet for trace elements. 44 Origin of different 
electrolytes and metals present in semen was identified by 
using split ejaculation technique.44-48 Individual and within 
subject variability in semen element is also reported. 49 Several 
workers interested in the study of elements in semen 
reported the level of different  elements like sodium, 
potassium, calcium, magnesium,38,50,51 iron,52  zinc,39,53 
copper,54,55 cadmium, chromium, nickel and lead. 56 Manganese 
was reported in all normal samples. 56-58 Similarly, vanadium 
was present in all normal samples. 59 Cadmium, chromium, 
nickel and lead were not present in all samples. 56,57  Gold was 
detected in semen for the first time in 1981. 40 Some 
Investigators in this field were interested to find out if any 
change in level of these elements was present in pathological 
samples. They have studied and reported this in case of 
sodium, potassium, copper, zinc, gold, calcium, magnesium, 
and iron. 38-40,44,45,55,56,60-69 Volunteers of this study were 
advised to collect semen samples at 9 am. Fixed collection 
time is important. Studies showed samples collected at 
different timings differed in elemental level. As an example 
calcium and magnesium in semen was maximum at 00:00:00 
hours and at this time the total sperm count and percentage 
of active motile spermatozoa were also maximum. 70-72 It is an 
important point on selection of instrument for elemental 
study. As an example we detected gold by employing Mass 
Emission Spectroscope. 41 But not by Direct Couple Plasma 
Emission Spectroscope. 42 Electron Microscopic Energy 
Dispersive X-Ray Analysis showed Gold inside and outside 
spermatozoa. 4 Further, X-Ray Diffraction study showed 
details of gold which remained in trimetal complex with zinc 
and copper. 43 In the present study we opted Inductively 
Couple Plasma Mass Spectrometry (ICPMS) for elemental 
study after processing advised for its usage. Processing 
method is an important part in elemental analysis. 73 In the 
present study twenty eight elements were identified and 

measured (Table 1). Increased or decreased level of elements 
from 1 to 3 hours (Table 1) , was statistically insignificant. 
This was due to the entry or exit of a particular element in 
sperms at the time of its separation from semen (at 1 or 3 
hour). This was supported by earlier reports. 37,89,71 Each 
element may have a specific role to play in life of a sperm cell. 
74 Results of studies conducted by different groups of 
workers proved this. The role of sodium, potassium, calcium 
and magnesium was like in other cells. 75,76 Some elements in 
semen are important for sperm motility. 71,77 Calcium is 
important for sperm capacitation, a crosomal reaction,78,79 
sperm motility,80-82  metabolic function 82 and fertilization. 79 
Magnesium in sperm is essential for release of energy and 
thus for motility. 81 Strontium is important for sperm 
capacitation.83 Cadmium was not observed in this study 
(Table 1). Which was reported by others? 56,84 Each 
instrument has limitation in identifying elements mainly 
depending on its concentration. We preferred ICPMS in this 
study. Dawson et al. 85 reported the levels of lead, cadmium 
and aluminum maintained an inverse correlation with the 
percentage of live spermatozoa. Concentration of lead, 
manganese, chromium and nickel were reported. 56 
Molybdenum decreased at 3 hr in semen (Table 1). Meeker et 
al. 86 reported this metal as a male reproductive toxicant. The 
level of lead decreased from 1 to 3 hr (Table 1). Pleban and 
Mei et al.84 measured the level of lead. We did not detect 
lead in one of our earlier studies. 41 Selenium was not seen in 
the present study (Table 1). Selenium was studied in detail by 
Blein et al. 87 Increased Llevel of elements in seminal plasma 
remain toxic to sperms. For example when experimentally 
micro amount of copper was added to normal semen, 
spermatozoa became immotile. 88 We observed decrease in 
level of gold from 1 to 3hr (Table 1). The element gold is 
proved as important for fertility. 89 Its role was known to 
Ayurveda, a traditional medicine, widely used in India and 
other Asian countries,. In many cases of male infertility, 
physicians in Ayurveda prescribed gold in the form of its ash, 
“Suvarna Bhasma” (SB) (Gold Ash). The amount of gold 
present in it is known. 25 Clinical studies conducted by 
different groups of workers where SB prescribed to infertile 
men showed improvement in total sperm count and 
percentage of sperm motility. 90,91 Further, laboratory studies 
showed addition of micro amount of SB into semen increased 
the percentage of progressive motile sperms and their 
survival period. 69 Zinc level was high at 1 hour (Table 1). It is 
known mature sperms release zinc 35  and it is important for 
function of motility. 38,39,65,92 Whenever zinc level is low in 
seminal plasma, sperm remains motionless. 35,93 Semen 
elements remained inside and/or outside sperms 43,68 which 
are not likely to be equal on both sides of the membrane. 
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Calcium was more inside the sperm 2, which is present in 
head and flagellum. Different instruments were helpful to 
identify the location of elements in cells. Nine elements were 
identified in acrosome, nucleus and mid piece of sperm. 33 
Zinc is essential for architectural organization of sperm 32 and 
maintenance of sperm membrane structure. 94 Summarizing 
the total study (Table 1), majority of reported elements are 
useful for the survival and/or functioning of spermatozoa. 
Further studies may prove usefulness of different elements 
present in semen. 
 
6. CONCLUSION 
 
In conclusion, in this study, by employing Inductively Couple 
Plasma Mass Spectrometry, we observed the presence of 28 
elements in human seminal plasma and their values differed 
from 1 to 3 hour. This might be due to the entry or exit of a 
that particular element, depending on its essentiality in 
function of spermatozoa. Some elements function like in 
other cells. Study also showed some elements were below 
detection level maybe due to the less sensitivity of the 
instrument. More work is to be carried out by employing 
different analytical instruments to measure the exact level of 

few elements seen in this study as BDL. Similarly 
experimental studies are to be conducted to find out the 
effect of different elements on functions of sperm.  
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