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ABSTRACT 
Background: Reports from various countries have consistently demonstrated a correlation between 
herbicide  exposure, arising from agricultural practices, and a decline in semen quality, leading to 
male infertility. This study was conducted at Ekiti State University Teaching Hospital in Ado-Ekiti, a 
rural community characterized by a predominantly agrarian population to determine the relationship 
between semen quality and herbicides residues. 

Methods:  The study focused on males whose spouses were seeking assistance at infertility clinics. 
Routine semen analyses were performed according to the World Health Organization (WHO) criteria, 
categorizing samples into normospermic, asthenospermic, oligospermic, and azoospermic groups. 
Seminal plasma samples from each group (twenty samples per group) were subjected to analysis for 
the presence and concentration of herbicides using High-Performance Liquid Chromatography 
(HPLC). The following herbicides were investigated: halosulfurum, linuron,  fluometuron, chlo-
rimuron, imaxamox, cloransulam, dicamba, fluroxypor, trichlopyr, propanil, cloclinafop, clethodim, 
quizalofop, fluazifop, pinoxaden, bentazon, atrazine, and bromoxynil. The obtained results were sub-
jected to statistical analysis using SPSS version 24. 

Results:  The analysis revealed significantly higher concentrations of most herbicides in the asthen-
ospermia, oligospermia, and azoospermia groups compared to the normospermic group (P<0.05). 
These findings suggest a strong association between herbicide exposure and poor semen quality in 
the studied population. 

Conclusions:  This study provides compelling evidence supporting the hypothesis that herbicides 
exposure could be a contributory factor to diminished semen quality in the investigated rural com-
munity. The results underscore the importance of considering seminal herbicide determination as a 
routine component in male infertility testing. Additionally, the study advocates for the implementa-
tion of relevant legislation to mitigate potential risks associated with herbicide exposure. 

Key words: Herbicides,  Spermatogenesis,  Semen quality, Endocrine disruption, Oxidative stress.  

1. INTRODUCTION 

Recent reports from various countries have consistently demonstrated an alarming rate of declining 
semen quality and its relationship with  herbicide  exposure, due to agricultural practices leading to 
male infertility1,2. This present crisis indicates that in some countries, exposure to some herbicides 
are responsible for 3-9 times greater risk of having abnormal semen2.  Infertility is a major cause of 
emotional and marital distress all over the world. It affects around 8–12% of couples, with male-
factors identified as the primary cause in 20-30 % of cases.3  Environmental pollution has emerged 
as a major cause for the rising trend of male infertility in today’s era all over the world due to the uni-
versal presence of environmental contaminants especially through agricultural practices4,5. The risk 
of sperm abnormalities and decreased fertility have been linked to human exposure to certain herbi-
cides commonly used for agricultural purposes4. In developing nations, high exposure occurs due to 
lack or non-availability of protective clothing. Most classes of herbicides such as ureas, sulfonyure-

as,  bipyridyliums,  synthetic auxins and branched chain amino acid inhibitors have been shown to  
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adversely affect spermatogenesis when humans are exposed to 
sufficient doses either through water, food and environmental 
inhalation4.  

Herbicides are substances used to control undesired vegetation. 
They are used mostly on farmland, however, they are also applied 
in urban areas for the maintenance of green zones, sport fields, 
recreation centers, and residential areas6. Mixtures of different 
chemicals are used to compose various types of herbicides de-
pending on the purpose of its use. The commonest types are the 
aromatic amino acid inhibitors such as glyphosate and sulfosate 
commonly found in roundup, rodeo and touch down; branched 
chain amino acid inhibitors which includes the imidazolinones 
(Imazquin, imazethapyr, imazapyr), sulfonylureas, chlorimiruon , 
chlorsulfuran, nicosulfuran etc). Others are chlorophyll carotene 
pigment inhibitors, lipid biosynthesis inhibitors (Triazines), cell 
division inhibitors (Dinitroanilines), shoot inhibitors 
(thiocarbanates) and root inhibitors such as bensulide, neopro-
panamide and propamide)7.  

There are different mechanisms by which herbicides affect the 
male reproductive system culminating in decreased sperm count, 
abnormal morphology and poor motility. Effective spermatogene-
sis  depends much on the normal rhythmic secretions of  all the 
reproductive hormones. Some herbicides have been associated 
with disruption of hypothalamic-pituitary-gonadal axis thus affect-
ing semen production8.  Herbicides  that  have been implicated in 
the endocrine disruption    includes  dicamba, fluroxypyr, atrazine, 
bromoxynil, linuron and trichlopyr9,10,11.  Some herbicides  such as 
atrazine, propanil, and linuron actually exhibit anti androgenic 
properties  inhibiting testosterone secretion while promoting the 
synthesis of oestrogen resulting in feminization in the males, a 
process which leads to oligospermia, azospermia and decreased 
libido11,12.  

 Some herbicides like  halosulfuron, linuron,  fluroxypyr, fluazifop 
and bromoxynil have also  been implicated in the  generation of 
free radicals, oxidative stress  and inflammation which antagonize 
the normal physiology of the testis resulting in  male infertility 
13,14,15,16. Oxidative stress  is the net result of imbalance between 
the levels of reactive oxygen species and the counter mechanism 
of antioxidants. Increase concentrations of reactive oxygen spe-
cies (ROS) has been identified as a causative factor in the develop-
ment of asthenospermia,  oligospermia and male infertility17,18. 
Inflammation on the other hand is a  biological response of the 
body to harmful stimuli, such as pathogens, damaged cells, or 
irritants. It is a protective mechanism that involves the immune 
system's response to eliminate the cause of cell injury and initiate 
the healing process. Inflammation is associated with astheno-
spermia,  oligospermia  and azoospermia. Chronic inflammation in 
the reproductive tract can lead to structural damage to the testes, 
epididymis, or other parts of the male reproductive system, affect-
ing sperm production, maturation, and transport19,20.  

 Furthermore, some herbicides like linuron, dicamba and 
clethodim have been shown to cause DNA and testicular damage, 
leading to oligospermia and azoospermia21,22. Mutagenicity in the 
male reproductive system has been associated with herbicides 
such as propanil, quizalofop, fluometuron, and linuron23,24. The 
herbicides  immaxamox, clodinafop, fluazifop and pixoxaden dis-
rupt lipid synthesis, a necessary process which is required for 

teststerone production in the body[25], while  some herbicides like 
immaxamox, cloransulam, clethodim and fluazifop are enzyme 
inhibitors which interfere with many metabolic pathways in the 
body 15,25,26. It has been advocated that some herbicides such as 
glyphosate be banned in agricultural practice while some coun-
tries have actually banned it because of its numerous health haz-
ards27.  

 Environmental pollution due to herbicides is widespread and has 
been shown to have adverse effects on human fertility. Investigat-
ing their impact on male fertility is essential for understanding the 
potential risks and designing appropriate preventive measures to 
safeguard public health. Despite, the adverse impacts of  herbi-
cides on spermatogenesis in adult men, there is paucity of  availa-
ble data on the direct impact of these chemicals on men in the 
study area. The available studies are usually in occupational set-
tings where the people are exposed to these substances at very 
high concentrations and not for the general population28.  Agricul-
tural practice is the main occupation in Ekiti  State, Nigeria where 
about 60% are involved  either as the sole means of employment 
or partly  in order to meet up with the challenges of poor econo-
my29. The use of  herbicides is rampant both in the urban and rural 
population because of its application  in agricultural practices and 
the control of undesired vegetation within the metropolis. Recent 
observations in many countries have been able to associate the 
declining rate of semen quality with herbicides which gain en-
trance into the human body either by environmental inhalation or 
by ingestion through contaminated water and food products4. The 
association between semen quality and herbicides which has  
been documented in many countries has not been evaluated in 
Ado-Ekiti hence this research work  was carried out. The objective 
of this study is to assess the concentration of herbicide residues in 
seminal plasma samples from males with various sperm abnor-
malities (asthenospermia, oligospermia, azoospermia) compared 
to those with normal sperm parameters, their contributions to 
male infertility and the scientific evidence needed to justify the 
inclusion  of  herbicides determination as part of routine tests in 
the evaluation of male infertility.  

2. METHODOLOGY 

The aim of the study was to find out the role of some herbicides in 
the quality of semen produced by men whose wives were being 
evaluated for infertility. 

2.1  Sample Collection Site  
This research work was carried out in Ekiti State University Teach-
ing Hospital, Ado-Ekiti, South western Nigeria.  Geographically, the 
setting is located between latitude 7o 35 and 7o 47 north of equator 
and longitude 5o 11 and 5o 16 east of the Greenwich Meridian.30  

2.2  Ethical Considerations  
Ethical clearance  with number EKSUTH/A67/2022/08/003  was 
obtained from the Research and Ethics unit of Ekiti State University 
Teaching Hospital before the commencement of the sample col-
lection. 
2.3 Selection of Subjects  
Some men who were being evaluated for infertility and other male 
volunteers were included in the study after obtaining their consent 
in writing .Male volunteers who had torsion, varicocele , testicular 
damage and previous groin surgery were excluded from the study. 
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2.4  Sample Size  
Based on the prevalence rate of 20-30%, the number of  semen 
analysis evaluated  in EKSUTH in the year 2022 was 400.  Eighty 
samples accounting for 20% were selected out for the determina-
tion of herbicide residues. Equal numbers of 20 per group were 
randomly selected for the assessment of herbicides content for 
easy comparison in between the groups. 

2.5  Sampling Procedures  
The subjects were instructed to abstain from sexual intercourse 
for four to seven days after which semen samples were obtained 
from them by masturbation. 

2.6  Semen Analysis Procedure  
The samples were allowed to liquefy for 30 minutes before exami-
nation. Using the current 6th Edition WHO Laboratory manual31, 
the following processes were carried out: 

Physical Examination : Macroscopic examinations for volume, 
colour, viscosity and liquefaction were  carried out on the semen 
samples.  
Microscopic Examination : The sample was mixed well by inver-
sion 3–5 times, and a drop was placed on the microscope stage 
and examined using a 10x objective lens and later a 40x high-
power objective lens with a binocular microscope. The percentage 
motility, presence of agglutinates, debris, pus cells, bacteria and 
parasites such as  Trichomonas vaginalis were all noted. Active 
sperm cells exhibit fast and directional straight movements. Slug-
gish sperm cells exhibits slower movements while non-motile or 
dead cells are motionless. By examining at least 10-20 fields  us-
ing x40 objective, the percentage of each group was determined. 
Overall progressive movement is the sum of the active and slug-
gish cells.  
Sperm Count : This was performed by diluting the specimen 1in 20 
with 10% formol saline, followed by visual counting using the im-
proved Neubaer counting chamber.        
2.7  Criteria for Classification  
Semen analysis were performed and the specimens were catego-

rised into normospermic, asthenospermic, oligospermic and 
azoospermic groups based on the WHO criteria:31 

Normospermia Samples: These were normal samples  which were  
gray- white in colour, and were completely liquefied within 20 
minutes of collection. The volume of each sample ranged between 
1.5-5.0 mLs with the total percentage motility greater than 60%, 
without pus cells, red cells, bacteria nor parasites. The total sperm 
counts were also greater than 15 million/ml and the morphologi-
cally abnormal sperm cells were not more than 10%.  
Asthenospermia: These were samples with reduced sperm motility 
and total progressives less than 32%. Samples with bacteria infec-
tions characterized  by presence of pus cells and parasites were 
excluded.  
Oligospermia: These were semen samples with normal motility 
and sperm counts less than 15.0 million per milliliter.  
Azoospermia: These were semen samples with no sperm cells at 
all in the ejaculate confirmed by the examination of the centrifuged 
deposit. Clinical evaluations were carried out on the subjects to 
rule out those with physical blockage.  
2.8  Selection of Samples for Biochemical Herbicides Assay   
Twenty samples in each of the groups were selected out by simple 
convenient sampling technique, centrifuged hard at 3000rpm for 5 
minutes to obtain the seminal plasma which were stored frozen till 
when  their herbicide contents were  measured. 

2.9  Laboratory Procedure for  Herbicides Assay  
High Performance Liquid Chromatography method of analysis was 
used. Acetonitrile extraction/partitioning and dispense solid phase 
extraction process was carried out on the seminal plasma sam-
ples followed by injection into the HPLC system. The detection and 
quantitation was done using prepared standards at different wave-
lengths in the ultra violet region32 To validate the procedures, intra 
assay measurement was done by analysing 20 aliquots of  the 
same sample  in the same run, and the mean, standard deviation 
and the coefficient of variation calculated. For the interassay 
measurement, each of the 20 aliquots were analysed in different 
runs on different days and the mean, standard deviation and co-
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Table 1: Concentrations of Herbicides in the Seminal Plasma of Normospermic Men and Those With Asthenospermia 
Herbicide Normospermia  Asthenospermia  t-test p-value 95% CI 

Mean ± SD (µg/g) Mean ± SD (µg/g) 
Urea-Based And Branched-Chain Amino Acid-Inhibiting Herbicides 
  Chlorimuron 8.68 ± 5.43 31.05 ± 13.91 -6.702 <0.01* -29.12 - -15.61
  Halosulfuron 2.89 ± 1.83 11.50 ± 6.65 -5.583 <0.01* -11.73 - -5.49
  Imaxamox 8.99 ± 5.82 31.33 ± 15.61 -5.997 <0.01* -29.89 - -14.80
  Cloransulam 1.86 ± 1.16 7.96 ± 5.49 -4.859 <0.01* -8.64 - -3.56 
  Linuron 1.72 ± 1.11 7.35 ± 4.25 -5.730 <0.01* -7.61 - -3.64 
  Fluometuron 16.91 ± 10.95 124.40 ± 193.90 -2.475 0.018* -195.39 - -19.57 

Synthetic Auxin-Based Herbicides 
  Dicamba 2.34 ± 1.47 14.89 ± 20.49 -2.733 0.009* -21.85 - -3.26
  Fluroxypor 23.92 ± 14.82 77.00 ± 43.89 -5.125 <0.01* -74.05 - -32.12
  Trichlopyr 9.56 ± 6.43 32.87 ± 18.10 -5.428 <0.01* -32.00 - -14.62
  Propanil 7.45 ± 4.71 30.56 ± 16.31 -6.090 <0.01* -30.80 - -15.43

Acetyl-CoA Carboxylase-Inhibiting Herbicides 
  Clodinafop 1.70 ± 1.67 4.77 ± 2.27 -4.882 <0.01* -4.35 - -1.80 
  Quizalofop 5.57 ± 3.67 23.03 ± 11.97 -6.235 <0.01* -23.13 - -11.79
  Clethodim 1.87 ± 1.18 6.22 ± 2.91 -6.205 <0.01* -5.78 - -2.93 
  Fluazifop 4.88 ± 3.16 18.15 ± 8.02 -6.886 <0.01* -17.18 - -9.37
  Pinoxaden 2.01 ± 1.98 7.96 ± 6.95 -3.681 0.001* -9.22 - -2.68 

Photosynthesis-Inhibiting Herbicides 
  Atrazine 7.02 ± 4.53 25.47 ± 11.52 -6.663 <0.01* -24.06 - -12.85
  Bentazon 1.94 ± 1.32 8.11 ± 4.18 -6.304 <0.01* -8.16 - -4.19 
  Bromoxynil 5.43 ± 3.52 18.83 ± 9.53 -5.899 <0.01* -18.00 - -8.80

*significant at p < 0.05; SD = standard deviation; CI = confidence interval  (normospermia, n = 20; asthenospermia, n = 20)
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efficient of variation determined. The intraassay and interassay for 
atrazine was 3.9% and 4.5% respectively. 

2.10  Statistical Analysis  
Statistical analysis was performed using the IBM SPSS Version 25. 
The means and standard deviations of the various herbicides were 
determined and T test was used to compare the normospermic 
separately with the asthenospermic, oligospermic and azoosper-
mic groups while setting the confidence interval at 95% and the 
statistical significance at a P-value < 0.0533. 

2.11 Data Availability 

The data that support the findings of this study are available on 
request from the corresponding author. The data are not publicly 
available as they are yet to be deposited in a repository. 

3. RESULT

3.1  Herbicides Concentrations In the Seminal Plasma of Nor-
mospermic  and Asthenospermic Men 
The concentrations of herbicides in the seminal plasma of normo-
spermic  and asthenospermic men are described in Table 1. Ob-
servations showed that in men with asthenospermia, all the four 
major classes of herbicides (urea-based and branched-chain ami-
no-acid-inhibiting,  synthetic auxin-based, acetyl CoA carboxylase
-inhibiting and photosynthesis-inhibiting herbicides) had signifi-
cantly higher seminal plasma concentrations than the values ob-
tained in the men with normal sperm parameters.

3.2 Herbicidal Concentrations in the Seminal Plasma of Normo-
spermic and Oligospermic Men 
The  concentrations of herbicides in the seminal plasma of normo-
spermic and oligospermic men are shown in Table 2. From the 
table, higher levels of all the acetyl CoA carboxylase-inhibiting 
herbicides and photosynthesis-inhibiting herbicides (except bro-
moxynil) were significantly associated with oligospermia. The rela-
tionship between the synthetic auxin-based herbicides and oligo-
spermia appeared to be equivocal because the concentrations of 

two types of the herbicides (dicamba and propanil) were signifi-
cantly elevated while the other two (fluroxypor and trichlopyr) had 
significantly lower concentrations in the semen of oligospermic 
males when compared with the normospermic group. Most of the 
urea-based and branched-chain amino acid-inhibiting herbicides 
also had a significant relationship with oligospermia. 

3.3. Concentrations of Herbicides in the Seminal Plasma of 
Normospermic and Azoospermic Men  
Herbicidal concentrations in the seminal plasma of normospermic 
and azoospermic men are shown in Table 3. When compared with 
normospermic males, men with azoospermia had significantly 
elevated concentrations of herbicides from all the major classes. 
The quantities of chlorimuron, imaxamox and trichlopyr in both 
normospermic and azoospermic groups of participants were com-
parable.  

3.4  Total Detectable  Herbicides in the Seminal Plasma of  all 
the Groups  
Figure 1 shows the illustration (histogram presentations) of the 
overall concentrations of the total herbicides in the seminal plas-
ma of the respondents. The total detectable herbicides in the oli-
gospermic group is the highest followed by that of the azospermic 
group while that of the normospermic group is the least. 

4. DISCUSSION

Impairment of spermatogenesis and sperm function is the most 
common cause of male infertility3. From this study, the concentra-
tions of most herbicides in the seminal plasma were significantly 
higher in the abnormal sperm groups (i.e asthenospermic, oligo-
spermic, and azoospermic) subjects compared with the normo-
spermic group showing that they are associated with poor semen 
quality. 

Asthenospermia is a condition which is characterized by poor 
sperm motility. From the results of this study, the concentration of 
all the various of herbicides listed were significantly increased in 
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Table 2: Herbicidal Concentrations in the Seminal Plasma of Normospermic and Oligospermic Men  
Herbicide Normospermia Oligospermia t-test p-value 95% CI 

Mean ± SD (µg/g) Mean ± SD (µg/g) 
Urea-Based And Branched-Chain Amino Acid-Inhibiting Herbicides 
  Chlorimuron 8.68 ± 5.43 19.39 ± 14.03 -3.184 0.003* -17.52 - -3.90
  Halosulfuron 2.89 ± 1.83 16.70 ± 12.08 -3.746 0.002* -14.08 - -3.86
  Imaxamox 8.99 ± 5.82 10.39 ± 7.52 -0.659 0.514 -5.70 – 2.90 
  Cloransulam 1.86 ± 1.16 13.89 ± 10.05 -5.318 <0.01* -16.61 - -7.45
  Linuron 1.72 ± 1.11 11.25 ± 6.21 -6.763 <0.01* -12.39 - -6.68
  Fluometuron 16.91 ± 10.95 917.04 ± 268.52 -14.979 <0.01* -1022.78 - -778.4 

Synthetic Auxin-Based Herbicides 
  Dicamba 2.34 ± 1.47 122.12 ± 64.17 -8.345 <0.01* -148.83 - -90.72 
  Fluroxypor 23.92 ± 14.82 7.33 ± 4.05 4.827 <0.01* 9.63 – 23.54 
  Trichlopyr 9.56 ± 6.43 5.16 ± 2.85 2.802 0.008* 1.22 – 7.58 
  Propanil 7.45 ± 4.71 28.53 ± 26.34 -3.523 0.001* -33.19 - -8.97

Acetyl-CoA Carboxylase-Inhibiting Herbicides 
  Clodinafop 1.70 ± 1.67 5.37 ± 2.82 -5.012 <0.01* -5.16 - -2.19 
  Quizalofop 5.57 ± 3.67 74.81 ± 39.31 -7.843 <0.01* -87.11 - -51.37
  Clethodim 1.87 ± 1.18 7.75 ± 4.07 -6.207 <0.01* -7.80 - -3.97 
  Fluazifop 4.88 ± 3.16 55.67 ± 53.64 -4.227 <0.01* -75.11 - -26.46
  Pinoxaden 2.01 ± 1.98 36.83 ± 30.24 -5.140 <0.01* -48.54 - -21.11

Photosynthesis-Inhibiting Herbicides 
  Atrazine 7.02 ± 4.53 15.48 ± 8.54 -3.911 <0.01* -12.83 - -4.08
  Bentazon 1.94 ± 1.32 10.71 ± 5.91 -6.483 <0.01* -11.51 - -6.03
  Bromoxynil 5.43 ± 3.52 5.95 ± 3.28 -0.485 0.631 -2.70 - 1.66 

*significant at p < 0.05; SD = standard deviation; CI = confidence interval, (normospermia, n = 20; azoospermia, n = 20)
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asthenospermic subjects compared with the normospermic sub-
jects. One of the mechanisms by which herbicides cause astheno-
spermia is through induction of oxidative stress  in the testes lead-
ing to sperm cells damage. Linuron, halosulfuron, fluroxypyr, bro-
moxynil, and fluasifol have been shown to induce oxidative stress 
in previous studies. The findings in this study agrees  the reports of 
Prothina et al13, Kim et al14,  Ore and Olayinka15, and El-Nagar and 
Elsisi16.  Oxidative stress is the result of imbalance between the 
production of reactive oxygen species (ROS) and the counter 
mechanisms of the antioxidants. Since mammalian spermatozoa 
membrane is rich in polyunsaturated fatty acids which provides 
the plasma membrane with the fluidity essential at fertilization, 
they are highly susceptible to oxygen-induced damage often medi-
ated by lipid peroxidation34.  Exposure to increased ROS concen-
tration leads to lipid peroxidation, DNA damage, protein oxidation 
which in turn affects sperm motility. Oxidative stress also disrupts 
the functions and structure of the flagellum, the organelle respon-
sible for sperm motility by damaging the microtubules and dynein 
axons of the flagellum resulting in  asthenospermia35. ROS genera-
tion triggers off a cascade of mechanism in the testes culminating 
in the development of asthenospermia.  It also interferes with the 
calcium signaling pathways which regulate flagella beating and 
sperm motility36.  

In addition, many of the herbicides are endocrine disruptors, 
affecting the hypothalamus, pituitary-testicular axis. The findings 
in this study is supported by previous reports, of Hayes et al 37.  
For, example, in this study, higher concentration of Atrazine is 
associated with the development of asthenospermia.  Atrazine has 
been  implicated  in the disruption of hypothalamus pituitary gon-
adal axis, leading to poor sperm motility10,38. In the same vein, our 
observation about dicamba in this study is supported by that of  
Zhu et al9, and Sengueta et al11.  

Furthermore, some herbicides have been found to directly affect 
the structure and function of sperm cells both of which are aetio-

logical factors in the development of asthenospermia. For exam-
ple, paraquat has been shown to disrupt the mitochondrial mem-
brane potential in sperm cells, leading to decreased motility36. 
Mitochondria play a crucial role in providing energy for sperm mo-
tility, and any disruption in their function can lead to impaired 
sperm movement. Herbicides also induce oxidative stress in the 
testes, which can damage mitochondrial DNA and proteins, 
affecting their ability to produce ATP and support sperm motility39. 

Another explanation to the findings in this study is that some herbi-
cides interferes with calcium signalling, sperm chemotaxis and 
acrosome reactions culminating in asthenospermia.  Klinefelter et 
al[40] had  demonstrated  earlier that atrazine exposure altered 
intracellular calcium levels in sperm cells leading to astheno-
spermia. Herbicides can  also interfere with sperm chemotaxis, 
which is the ability of sperm cells to navigate towards an egg cell 
using chemical signals41 and  interfere with acrosome reaction  
which is a crucial step in the fertilization process where enzymes 
are released from the acrosome of the sperm cell to penetrate the 
egg's protective layer36. 

Oligospermia is a condition characterised by low sperm count in 
the ejaculate, usually below 15 million sperm cells per ml indicat-
ing a decrease in spermatogenesis output31. This study also show 
that most of the urea based herbicides, branch chain amino acid 
inhibiting herbicides, synthetic auxin herbicides, acetyl-CoA car-
boxylase inhibiting herbicides and photosynthesis inhibiting herbi-
cides were positively correlated with the development of oligo-
spermia. Some of the causes of oligospermia as documented in 
literature includes  endocrine dysfunctions, enviromental toxins, 
and anatomic abnormalities42. Hypogonadism and hormonal im-
balance has been shown to lead to partial spermatogenic arrest, 
low levels of testosterone and increased estrogen in the male all of 
which  are contributing factors towards the pathogenesis  of oligo-
spermia43. Herbicides  such as atrazine, dicamba, fluroxypyr,and 
bromoxynil have been implicated as endocrine distruptors in previ-
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Table 3: Herbicidal Concentrations In The Seminal Plasma Of Normospermic And Azoospermic Men  
Herbicide Normospermia Azoospermia t-test p-value 95% CI 

Mean ± SD (µg/g) Mean ± SD (µg/g) 
Urea-Based And Branched-Chain Amino Acid-Inhibiting Herbicides 
  Chlorimuron 8.68 ± 5.43 13.78 ± 10.61 -1.855 0.073 -10.67 – 4.94 
  Halosulfuron 2.89 ± 1.83 11.86 ± 9.14 -3.746 0.002* -14.08 - -3.86
  Imaxamox 8.99 ± 5.82 7.38 ± 5.69 0.816 0.420 -2.40 – 5.61 
  Cloransulam 1.86 ± 1.16 9.87 ± 7.60 -4.045 0.001* -12.24 - -3.77
  Linuron 1.72 ± 1.11 15.90 ± 4.63 -13.247 <0.01* -16.36 - -12.00
  Fluometuron 16.91 ± 10.95 715.95 ± 200.52 -15.638 <0.01* -789.98 - -608.09 

Synthetic Auxin-Based Herbicides 
  Dicamba 2.34 ± 1.47 147.79 ± 48.55 -13.459 <0.01* -167.44 - -123.47 
  Fluroxypor 23.92 ± 14.82 10.36 ± 3.02 3.476 0.001* 5.62 – 21.49 
  Trichlopyr 9.56 ± 6.43 7.29 ± 2.12 1.313 0.198 -1.25 – 5.79 
  Propanil 7.45 ± 4.71 28.28 ± 22.70 -3.500 0.003* -33.54 - -8.14

Acetyl-CoA Carboxylase-Inhibiting Herbicides 
  Clodinafop 1.70 ± 1.67 6.50 ± 2.13 -7.479 <0.01* -6.11 - -3.50 
  Quizalofop 5.57 ± 3.67 90.53 ± 29.74 -12.713 <0.01* -98.57 - -71.37
  Clethodim 1.87 ± 1.18 9.38 ± 3.08 -10.014 <0.01* -9.04 - -5.99 
  Fluazifop 4.88 ± 3.16 115.36 ± 80.25 -6.182 <0.01* -146.84 - -74.12 
  Pinoxaden 2.01 ± 1.98 69.71 ± 48.49 -6.268 <0.01* -89.67 - -45.72

Photosynthesis-Inhibiting Herbicides 
  Atrazine 7.02 ± 4.53 21.87 ± 6.37 -8.061 <0.01* -18.59 - -11.10
  Bentazon 1.94 ± 1.32 15.14 ± 4.41 -12.703 <0.01* -15.31 - -11.08
  Bromoxynil 5.43 ± 3.52 8.41 ± 2.45 -2.806 0.008* -5.14 - -0.82 

*significant at p < 0.05; SD = standard deviation; CI = confidence interval .
 (normospermia, n = 20; azoospermia, n = 20) 
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ous studies9,10,11. Testosterone, is the principal male hormone 
which is essential for spermatogenesis and low levels lead to oli-
gospermia.44  Our findings in this study shows that atrazine is as-
sociated with significant increase in the level of  oligospermia and 
it agrees with earlier reports of Swan45 and Betancount et al46. This 
is because Atrazine disrupts the normal hypothalamic control of 
pituitary-ovarian function as well as the testicular axis and stimu-
lates the metabolic activities for aromatase enhancing the conver-
sion of testosterone to oestrogen thus promoting feminism and 
preventing masculinization46,47. Trichlopyr is also a known endo-
crine disruptor that affects thyroid metabolism48, and thyroid dys-
function in turn causes alterations in testicular functions and se-
men quality49. Our observation about  dicamba in this study agrees 
with the report of Zhu et al9. In addition, propanil have similar 
effects with estrogen in the immune system showing that it mimics 
the natural hormone thus buttressing the fact that propanil action 
induces feminism in the body which in turn negatively affects sper-
matogenesis50. This research  support the findings of Nowak et al51 
and  Kongtip  et al52. 

Azoospermia is a condition in which there is no sperm cell found in 
the semen ejaculate collected at two to three different times more 
than two weeks apart  even after the specimen must have been 
centrifuged and the deposit examined31. The condition could be 
due to destruction of the germinal epithelial cells, varicocele, ob-
struction in the male reproductive paths, hormonal diseases such 
as hypogonadism and pituitary gland disorders, Kallmann's or 
Klinefelter's syndrome and gynecomastia53. In this study, many of 
the herbicides were significantly increased in azoospermic sub-
jects compared with the the normospermic. The mechanism by 
which herbicides could lead to the development of azoospermia 
are endocrine disruption, destruction of germinal cells, DNA dam-
age, meiotic arrest and induction of oxidative stress53. The mecha-
nism by which herbicides disrupt the normal rhythm of the hypo-
thalamus- pituitary-gonadal axis has been discussed above.  In 
addition to the properties of these herbicides as endocrine disrup-
tors,  some of them  also exhibit genotoxic effects on the testicular 
cells, causing DNA fragmentation and induction of hermaphrodit-
ism36.  This is supported by the study of Komsky-Elbaz et al54. 
While there is paucity of information as to the association of  many 
of these individual herbicides with the development of azoo-
spermia in literature, our findings in this study about atrazine is 
supported by the reports of Omran et al55 which demonstrated 

that atrazine exposure causes azoospermia in snails by destroying 
the testicular cells. The results from our study indicated that 
dicamba is strongly associated with  azoospermia. This is  corrob-
orated by previous studies which reported that dicamba exposure 
is associated with testicular damage,  DNA damage and  inhibition 
of spermatogenesis.9 Trichlopyr (3,5,6-trichloro-2-
pyridinyloxyacetic acid) interferes with cell divisions and growth in 
plants leading to impairment of vascular transport and death56 and 
these properties are antagonists in spermatogenesis. It has been 
shown to have toxic effects on Zebra fish embryos57.  Immazamox 
also caused  apoptotic changes in rat liver and pancreas58,59. Such 
apoptotic changes could lead to  oligospermia and azoospermia. It 
affects corticosteroids metabolism60. It could also affect testos-
terone metabolism since it is a steroid like Cortisol61,59. 

Some of the herbicides are also enzyme inhibitors. The synthesis 
of  amino acids in adequate amounts are important  in cell divi-
sions which is germane to the process of spermatogenesis62.  
Herbicides that inhibits the synthesis of branched chain amino 
acids are chlorimurion, halosulfuron, imaxamox, chloramsulam, 
diuron, linuron and fluometuron7, and most of them are positively 
correlated with azoospermia in this study showing that their roles 
as antagonists in protein synthesis could be an underlying factor in 
the pathogenesis of azoospermia. This is supported by the reports 
of Hou et al.63 Members of this group, inhibit acetolactate syn-
thase, an enzyme that catalyzes the first step in the biosynthesis of 
branched chain amino acids which are valine, isoleucine, and 
leucine. Branched chain amino acids have been implicated to play 
important role in male reproductive performance. For example, 
long treatment of leucine and one of its metabolites β-hydroxy β-
methyl butyrate have been reported to increase the concentra-
tions of insulin-like growth factor 1 (IGF1) and insulin in rats64. Both 
of these i.e  IGF-1 and insulin play a major role in testicular func-
tion such as maintaining the normal number of Leydig cells, matu-
ration of these cells and steroidogenesis. Also, a metabolic end 
product of leucine i.e β-hydroxyl –β- methyl glutaryl coenzyme A is 
the precursor of cholesterol synthesis, cholesterol is a precursor 
in the synthesis of testosterone which is the main hormone neces-
sary for male reproductive performance. It has also been reported 
that leucine supplementation stimulates leptin secretion which 
also enhances release of testosterone from the testes. This im-
plies that inhibition of the synthesis of these branched chain ami-
no acids  will hinder testicular functions and spermatogenesis 
hence the observations made in this study64. 

 Clodinafop, quizalofop, clethodim, fluazifop and pinoxadem are 
acetyl-CoA carboxylase-inhibiting herbicides which interfere with 
lipid metabolism. Acetyl CoA carboxylase (ACCase ) is the enzyme 
that catalyzes the first step in fatty acid biosynthesis. These AC-
Case inhibiting herbicides, therefore block this first step and thus 
prevent the formation of fatty acids required for phospholipid syn-
thesis which are important components of the cell membranes of 
sperm cells. This will lead to a loss of cell membrane integrity, 
metabolite leakage and apoptosis[65]. The observation in this 
study is in agreement with EFSA reports of 201824 that links 
Clodinafop, with reduced testicular weight, cellular destruction, 
endocrine disruption and reduced spermatogenesis24. It was also 
reported that Clethodim effects on rat testis include testicular 
damage, testicular atrophy, decreased testosterone synthesis and 
decreased amount of germ cells which are responsible for sper-
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matogenesis22

The association of some herbicides with azoospermia as observed 
in this study could also be due to meiotic arrest as reported in 
previous studies66.  Furthermore, lack of Boule protein expression 
has been identified as a cause of azoospermia in men67 and  lower 
expression of the Boule protein has been observed in herbicide 
poisoning66. 

 Moreover, herbicides can induce oxidative stress which is also 
one of the causes of azoospermia68. Some herbicides such as 
atrazine decreases antioxidants actions thus promoting oxidative 
stress, the process which leads to azoospermia. Recently, Bau-
tista et al, demonstrated  that atrazine decreases sperm and anti-
oxidants quality in the testis of Zebra fish69.  In summary, all these 
properties exhibited by these herbicides  can culminate in the de-
velopment of azoospermia.   

 4.1  Conclusion
In this study, we conclude that exposure to these herbicides  could 
be one of the causes of male infertility in Ado-Ekiti since its an 
agrarian community. It is recommended that routine screening of 
infertile men should include the determination of herbicides in 
seminal plasma and appropriate therapy should be administered. 
It is also suggested that appropriate legislation be enacted regard-
ing the use of herbicides in order to safeguard public health. Fur-
thermore,  there is  need for advocacy and emphasis on wearing of 
personal protective equipment for farmers. 
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