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ABSTRACT 

This study was aimed at evaluating glyphosate for sperm profile and testicular effect in male albino rat, using standard techniques. The research 

work was carried using twenty mature male albino rats. The rats were weighed and divided into four groups (A-D) in a completely randomized 

design (CRD). Groups A served as the control (0 mg/kg/BW) no Glyphosate was administered to this group. Groups B, C and D received doses of 

100 mg/kg/BW, 200 mg/kg/BW and 300 mg/kg/BW of glyphosate respectively, considering quantity used as herbicide in agriculture and these 

doses were administered orally using oral gavages. The treatment regimen lasted for 65 days (i.e. the rats were treated for 2months and 5days, 

interesting to note that, it takes 65 days for spermatogenesis to complete in rats). Spermatogenesis is a highly dynamic and synchronized 

process. It takes place in the seminiferous tubules of the testes with support of somatic cell leading to formation of mature spermatozoa from 

undifferentiated sperm cells. Data were collected on the following parameters: sperm motility, sperm count, sperm viability, sperm morphology, 

semen pH and weight of organs (testes and epididymis), histology of the testes. Results showed that there were significant adverse effects 

(P<0.05) of glyphosate treatment on sperm parameters like morphology, sperm cell count and quality. The treatment of the rats with 

glyphosate caused several degrees of damage on the cyto-acrhitechure of the gonad compared with the control, which was dose-dependent. 

Succinctly, glyphosate exposure to animals is detrimental to their reproductive physiology, including the cellular integrity of the gonads 

causing phenotypic changes in the sperm and testicular cells. 
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Introduction 

Considering the reason for extensive improvement of 

crop yield in the world today, application of pesticides 

including herbicides, insecticides and fungicides has 

become every farmer's aim and as a result they may 

accumulate in the environment where humans and 

other functional life forms are exposed (Jasper et al., 

2012). Pesticides tend to be very reactive compounds 

that can form covalent bonds with various nucleophilic 

centers of cellular bio-molecules, including DNA 

(Koller et al., 2012).  

 

 

 

For instance, the induction of DNA damage can 

potentially lead to adverse reproductive outcomes, the 

induction of cancer, and many other chronic diseases 

(Paz-y-Mino et al., 2011).  Epidemiological studies 

demonstrated that occupational exposure to some 

pesticides may be related to several kinds of cancer, 

including leukemia, bladder and pancreatic cancers 

(Andreotti et al., 2018). To elucidate the damage 

induced by physical and chemical agents including 

pesticides, various test systems have been described in 

bacteria, in mammalian cells, and in plants (Kim et al., 

2014, and Panzacchi et al., 2018). Arguably, the most 

reliable genotoxicity evaluation for humans is 

conducted in mammals through histological evaluation 

of either of organ, tissues, or cells (Tarone, 2018). 

Glyphosate [(N-phosphonomethyl) glicine] 

commonly in the commercial formulation named 
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roundup, has been a frequently used herbicide on both 

cropland and non-cropland areas of the world since its 

introduction is the 1970s (Williams et al., 2016). 

Roundup is a liquid water soluble organophosphorous 

herbicide, containing glyphosate as it active ingredient 

and surfactant (polyoxyethyleneamine) that enhances 

the spreading of spray droplets when they contact 

foliage. As herbicide roundup works by being absorbed 

into the plant not only through its leaves but also 

through soft stalk tissue and applied at concentrations 

ranging from 0.26 % - 1.152 % of active ingredient 

(Fatma, et al., 2009). Glyphosate is transported 

throughout the plant where it inhibits the shikimic acid 

pathway, which participates in the biosynthesis of 

phenylalanine and Tyrosine and is also the major 

pathway in the biosynthesis of most plant phenolics 

(Tarazona et al., 2017). Glyphosate — induced 

inhibition of the shikimate pathway kills plants 

(Martinez et al., 2018). 

Mode of action in target and non-target 

organism 

In plants, glyphosate disrupts the shikimic acid pathway 

through inhibition of the enzyme 5-

enolpyruvylshikimate-3-phosphate (EPSP) synthase 

(Bradbery et. al., 2004). The resulting deficiency in 

EPSP production leads to reductions in aromatic amino 

acids that are vital for protein synthesis and plant 

growth. Glyphosate is absorbed across the leaves and 

stems of plants and is translocated throughout the 

plant. It concentrates in the meristem tissue (Ford et 

al., 2017).  Plants exposed to glyphosate display 

stunted growth, loss of green coloration, leaf wrinkling 

or malformation and tissue death. Death of the plant 

may take from 4 to 20 days to occur. The sodium salt 

of glyphosate can act as a plant growth regulator and 

accelerate fruit ripening (Andreotti et al., 2018) 

Signs of toxicity in animals and humans 

Animals exposed to formulated glyphosate herbicides 

have displayed anorexia, lethargy, hypersalivation, 

vomiting, and diarrhoea. Symptoms persisted for 2 to 

24 hours following exposure. The surfactants in 

formulated products are thought to be responsible for 

the clinical signs (Van Bruggen et al., 2018).  

In a review of 80 intentional ingestion cases, 79 

of which were suicide attempts, researchers identified 

typical symptoms of erosion of the gastrointestinal 

tract, dysphagia or difficulty swallowing, and 

gastrointestinal hemorrhage (Shadeo and Pramanik, 

2009). 

Male reproduction is a multifaceted process 

that involves the testes, epididymes, accessory sex 

glands and associated hormones. Testes perform a 

highly organized and intricate event called 

spermatogenesis. Spermatogenesis is a highly dynamic 

and synchronized process (Sultatus, 2009). It takes 

place in the seminiferous tubules of the testes with 

support of somatic cell leading to formation of mature 

spermatozoa from undifferentiated sperm cells 

(Sharmer et al., 2006) subsequent to the process of 

spermatogenesis. Spermatozoa transits from the testes 

to the ejaculatory duct. This complex process is strictly 

regulated by the hypothalamus, pituitary and testicular 

axis which involve the pituitary gonadotropins, 

Luteinizing Hormone (LH), Follicle Stimulating 

Hormone (FSH). The testes are well equipped with 

powerful intrinsic defense system that protects the 

spermatozoa during spermatogenic/post 

spermatogenic journey and from injuries (Van Bruggen 

et al., 2018). 

Exposure to low levels of organophosphate is 

known to produce a variety of biochemical changes, 

some of which may be responsible for the adverse 

biological effects reported in humans and 

environmental animals (Sharmer et al., 2006). 

Material and Methods 

Experimental location 

The experimental site was the animal house of 

Department of Genetics and Biotechnology, University 

of Calabar, Calabar. 

Experimental materials 

Twenty sexually matured male rats were purchased 

from the animal house of the Department of Zoology 
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and Environmental Biology, University of Calabar, 

Calabar. Glyphosate was purchase from Cross River 

Agricultural Development Project (CRADP). The rats 

were maintained under standard conditions of 

humidity, temperature and standard chow (Teed) and 

tap water was given ad libitum the rats were all 

acclimatized for a period of one week. This study was 

conducted in accordance with the declaration of 

Helsinki on the guiding principles in care and use of 

animals. 

Experimental procedure 

The twenty rats were divided into four groups (A, B, 

C, D) of five rats each in a completely randomized 

design (CRD). Rats in group A served as the control 

while rats in group B, C, and D were treated with 100 

mg/kg/bw, 200 mg/kg/bw and 300mg/kg/bw 

respectively. These administrations were done through 

oral gavage for 65 days. At the end of the treatment 

regimen, they were sacrificed under chloroform 

anesthesia. The testes and epididymis were dissected 

and weighed. 

Data collection 

Data were collected on the following parameters: 

sperm motility, sperm count, sperm viability, sperm 

morphology, semen pH and weight of organs (testes 

and epididymes). 

Estimation of sperm count 

This was carried out according to the method of Ekaluo 

et al. (2015). The epididymal content was obtained by 

macerating with fine scissors known weights of the 

caput and cauda epididymes in a glass petridish 

containing physiological saline in the ratio of 1:10 w/v. 

After vigorous pipetting, the suspension was separated 

from tissue fragments by filtering it through an 80 pm 

stainless mesh. The sperm cells were counted by 

cytometers and different counts were done for each 

sample and the mean were taken as the mean count for 

each male rat. 

Estimation of sperm motility 

The sperm cell suspension was diluted in 2ml of 

physiological saline dropped on glass slides. This was 

viewed under light microscope as to determine the 

motile and non-motile sperm cells by their movement 

(WHO, 1992). 

Estimation of sperm viability 

This was estimated using the improved one step eosin-

nigrosin staining technique. A fraction of each 

suspension of the samples was mixed pith equal volume 

of eosin - nigrosin stain and air-dried smears was 

prepared on glass slides for each sample according to 

Bjorndahl et al. (2003). The slides were coded 

randomly and examined under the microscope for 

percentage viability. Normal live sperm cells exuded 

the eosin - nigrosin while dead sperm cells took up the 

stain. Percentage viability was calculated based on the 

number of viable (live) sperm cells divided by the 

number of sperm cells-within 30 minutes multiply by 

100. 

Estimation of sperm morphology 

A portion of the sperm suspension was mixed with 1 % 

eosin Y solution (10:1) for 30 minutes and air-dried 

smears will be prepared on glass slides for the sperm 

morphology. The slides were examined for percentage 

sperm abnormal morphology in every 200 spermatozoa 

observed on each slide and five air-dried smears were 

prepared on glass slides for each sample. The 

percentage of sperm morphology was calculated 

according to Ikpeme et al. (2012). 

Estimation of weight of organs 

The testes and epididymis were weighed using an 

electronic weighing balance Model - Scout Pro SPU 

601 160091) and the results were recorded. 

Estimation of Semen pH 

The pH of semen was measured using a specially 

treated calibrated paper blot that changes colour 

according to the pH of the specimen that it is exposed 

to Ikpeme et al. (2012). 

Histological process 

The tissues were fixed in Bouin's fluid for twenty-four 

hours and were dehydrated through ascending grades 

of alcohol (two changes one hour each namely: 70 %, 

95 % and 98 % absolute alcohol). The tissues were 
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cleared in two changes of xylene (one hour each) and 

were infiltrated in molten paraffin wax at 60° C. Three 

changes were made (one hour each) and the tissues 

were embedded in pure paraffin wax to make tissues 

blocks. Sections of the tissue were made with a 

microtome at 5 p. The sections were floated on a water 

bath and picked on clean albumenized slides and dried 

for staining in an incubator. Haematoxylin and Eosin 

(H&E) staining method was used to stain the sections. 

The sections were waxed in two changes of dene, 

passed through absolute, 70 % and 95 % alcohols and 

rinsed in water. The sections were stained in  

haematoxylin for fifteen minutes, rinsed in water and 

differentiated in 1% alcohol and placed under several 

changes of fresh water for thirty minutes until the 

sections were quite blue and stained in eosin for three 

minutes, rinsed in water and dehydrated in ascending 

grades of alcohol (70 %, 95 % and absolute alcohols) 

and cleared in xylene. The sections were mounted with 

cover slips using DPX mounting media (synthetic 

media composing dystrine and proplyne dissolved in 

xylene solvent). 

Statistical analysis 

The data collected were subjected to analysis of 

variance (ANOVA). Least significant difference (LSD) 

test was used to separate the means where significant 

differences were observed. 

Results 

General observation of experimental animals 

At the beginning of the experiment, the rats were 

weighed and randomly placed into four different 

groups. During the experiment, some of the rats 

treated with 300 mg/kg/bw of glyphosate became 

more aggressive.  

Also, in the sixth week, two rats in 300 mg/kg/bw 

treatment group had red bloody spots around the eyes 

and nostrils which cleared after some days and showed 

signs of weakness, the hind limb and fore limb became 

reddish. During the experiment, the body weights of 

the rats increased but with continuous treatment, the 

body weight of the rats especially in the glyphosate 

treated groups, decreased significantly. 

Sperm motility, sperm viability, weight of organ, 

sperm count and sperm pH 

Sperm motility, sperm viability, weight of testes and 

epididymes, sperm count and sperm pH for the 

different concentrations showed significant difference 

(P<0.05) compared to control. From the result (Table 

1), sperm motility, sperm viability, weight of testes 

and epididymes sperm count and sperm pH 

significantly decreased with increase in concentration 

compared to the control and from the result (Table 1) 

weight of testes and epididymes revealed a significant 

decrease with increase in concentration compared to 

control. 

Sperm morphology 

The sperm morphology for the different concentration 

showed significant difference (P<0.05) compared to 

the control. There was significant increase in sperm 

abnormalities with increase in concentration is clearly 

revealed in the result (Table 1).  

sperm motility, sperm viability, weight of testes and 

epididymes sperm count and sperm pH significantly 

decreased with increase in concentration compared to 

the control and from the result (Table 1) weight of 

testes and epididymes revealed a significant decrease 

with increase in concentration compared to control. 

Sperm morphology 

The sperm morphology for the different concentration 

showed significant difference (P<0.05) compared to 

the control. There was significant increase in sperm 

abnormalities with increase in concentration is clearly 

revealed in the result (Table 1). 

Histological observation 

The treatment of rats with glyphosate caused 

several degrees of lesions on the cyto-architecture of 

the gonad as compared with the control, which was 

dose-dependent. 

Treating rats with l00 mg/kg of glyphosate 

(Plate 1), revealed scanty interstitium, most lumens are 

rich in spermatozoa while a few are rat scanty, 

oedematous tissues and intratubular necrosis are 

noticeable with moderate lesions.  
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Table 1 Effect of glyphosate on sperm profile in male albino rats (Concentration in mg/kg/bw) 

Parameters  Control   100 20s0 300 LSD 

Sperm motility (%) 81.2d+ 0.80 70.2c+ 2.22 61.6b+ 02.01 48.4a+ 2.87 6.33 

Sperm viability (%) 65.0d+ 1.84 58.8c+ 0.86 54.0b+ 1.34  48.0a+ 1.96 4.51 

Sperm morphology (%) 1.84 d+ 0.24 4.27c+ 0.31 6.30b+ 0.62 8.30a+ 0.46 1.75 

Sperm count (x106/ml) 1.84 d+ 0.50 15.8c+ 0.37 13.8b+ 0.66 10.4a+ 0.51 1.56 

Testes weight (g) 2.02d+ 0.04 1.68c+ 0.08 1.26b+ 0.05 0.82a+ 0.23 0.21 

Epididymes weight (g) 1.04d+ 0.04 0.88 c+ 0.86 0.78b+ 0.04 0.58a+ 0.04 0.12 

Sperm pH 7.82d+ 0.08 7.04c+ 0.05 6.54b+ 0.05 5.84a+ 0.05 0.09 

Means follow with different case letter in a given horizontal array indicate significant different (P<0.05) 

 

 

  

  

Figure 1  

Plate 1 Testes Photomicrograph of control rat. Seminiferous tubules (ST) are compacted with interstitium (IN) basement membrane is well 
defined with multilayered spermatogenic cells (SP) clearly observable, Lumens (L) are rich in spermatozoa (SZ). Testicular architecture 
appears normal (H & E). 100X; Plate 2 Testes Photomicrograph rat treated with 100mg/kg/BW of glyphosate. Seminiferous tubules (ST) 
appear compacted with scanty interstitium (IN), Most Lumens (L) are rich in spermatozoa (SZ) while a (N) are noticeable. Histopathology is 
observed. (H & E). 100X; Plate 3 Testes Photomicrograph rat treated with 200mg/kg/BW of glyphosate. Seminiferous tubules (ST) 
compacted with scanty interstitium (IN), basement membranes are clearly noticeable, with multilayered spermatogenic cell (SP), some 
Lumens(L) appear scanty, while regions of intratubular necrosis multilayered spermatogenic cell (SP), some Lumens(L) appear scanty, while 
regions of intratubular necrosis; Plate 4: Testes Photomicrograph rat treated with 300mg/kg/BW of glyphosate. Seminiferous tubules (ST) 
appear compact with some scanty Lumen (L) noticed. Although an interstitial widening (IN) is noticed, interstitium generally appear sparse. 
Intratubular necrosis (N) is observed with Oedema(X) in some tubules. Tersticular pathology is observed. 

 

 

 

 

Plate 1 Plate 3 

Plate 2 Plate 4 
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Rats treated with 200 mg/kg of glyphosate 

(Plate 2), revealed scanty interstitium; basement 

membranes appear scanty, while regions of intratubular 

necrosis are noticeable showing high degree of lesions. 

       Rats treated with 300 mg/kg of glyphosate (Plate 

3), revealed scanty lumens with dilated and generally 

appear sparse. Some basement membranes are not 

clearly seen with very high degree of lesions in 

intratubular necrosis and oedema present in some 

tissues. (N) are noticeable. Histopathology is observed. 

(H & E).  

Discussion 

The result on the sperm parameters and organ weights 

revealed significant (P<0.05) decrease in sperm 

motility, sperm viability, sperm count, semen pH with 

increase in dose. This agrees with the treatment of rat 

with organophosphorous insecticide (Diazinon) by 

Gholam et al. (2009). From the result, sperm 

morphology showed significant increase in 

abnormalities with increase in dose. This correlate with 

Peluso et al. (2010) and Ikpeme et al. (2012) that 

glyphosate affects sperm morphology negatively. 

Weight of organs (testes and epididymes) revealed a 

significant decrease with increase in dose. This agrees 

with Tarone, (2018) and Ikpeme et al. (2012) that 

glyphosate decrease sperm concentration as well as 

weight of organs. 

The influence    of   hormones    during 

spermatogenesis notwithstanding, it is obvious that the 

integrity of the cyto-architecture of the gonads is also 

very important in the process of sperm production. 

Rani et al. (2007) observed that rats exposed to 

carbaryl showed distorted seminiferous tubules, 

accumulation of cellular mass in the lumen of the testis 

and loss of sperm in varying degrees. Similarly, 

Gholam et al. (2009) reported significant reduction in 

seminiferous tubule size, the number of spermatocytes, 

Leydig and germinal cells after administering diazinon 

insecticide. The actions of the above reported 

chemicals may also be applicable to the glyphosate 

administration whose distorting effects on the testicular 

cells were evident. Pesticide exposure disrupts the 

reproductive system as they have   estrogenic   and   

anti-androgenic   properties. Specifically, glyphosate 

reduces testosterone production in male rats and its 

associated with poor semen quality (Peluso et al., 

2010). It also causes disorganization of the cyto-

architecture of the gonads, degeneration in some areas 

of the seminiferous epithelium and the existence of 

clumped Leydig cells (Ikpeme et al., 2012). This is 

similar to our current report on glyphosate for sperm 

profile and testicular effect in male albino rat. 

Conclusion 

In this present study, the results revealed adverse effect of 

glyphosate on the sperm parameters, organ weights 

(epitdidymes and testes). Succinctly, exposing animals to 

glyphosate is detrimental to their reproductive physiology, 

disorganization of the cyto-architecture of the gonads, 

degeneration in some areas of the seminiferous epithelium 

and the existence of clumped Leydig cells. The Phenotypic 

changes observed are from the interaction of glyphosate 

with the sperm and testicular cells, affecting the genes 

of the cells. This can possibly lead to congenital 

abnormalities or birth defects in animals feeding on 

Glyphosate treated feeds. 
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