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Abstract 
The genotoxicity of Miller (glyphosate) herbicide was evaluated in males albino mice Mus muscles BALB/c strain. 

The tested parameters were chromosomal aberrations and sperm abnormalities to evaluate a possible damage effects 
on genetic material and sperms. The herbicide was administered orally to adult male laboratory mice in 4 different 
doses (0, 250, 500, and 750 mg/kg of body weight). The mice were killed at two periods: after 3 and 6 weeks. The 
results of chromosome aberration assay revealed that all the tested doses and periods induced structural 
chromosomal aberrations (CAs) such as centromeric gaps, chromatid gaps, delations, dicentric chromosomes and ring 
chromosomes. The results of sperm abnormality assay revealed that miller has the ability to induce sperm 
abnormalities in all doses used comparing to untreated mice, which represented by hookless sperm, swollen head 
sperm, amorphous head sperm, sperm without head, defective hook sperm, banana head sperm, double head sperm, 
sperm without tail, double tail sperm, bent midpiece defect and coiled tails. 
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Introduction 

Pesticides, including herbicides, insecticides, 
and fungicides are used extensively to improve 
crop yields and as a result, they accumulate in 
the environment and human unavoidably 
exposed to them (Van der Werf, 1996). Studies 
show that toxic residues may rise about ten times 
through the food chain due to biological 
magnification in the body fat of living organisms 
and becoming more concentrated as they move 
from one creature to another, because living 
organism cannot get rid of these toxins by their 
biological metabolism (Cornell university: 
pesticide fact sheets, 2007). Because of their 
biological activity, the indiscriminate use of 
pesticides may cause undesired effects to human 
health, for instance, the induction of DNA 
damage can potentially lead to adverse 
reproductive outcomes, or induction of cancer, 
and many other chronic diseases (Lander et al., 
2000 and Zhao et al., 2002). Most of pesticide 
had been tested for their genotoxicity and 
carcinogenicity using different testing assays.  

The United States Environmental Protection 
Agency (U.S EPA 1993) classified glyphosate as 
Group E, evidence of non carcinogenicity in 
humans, based on studies of laboratory animals 
that did not produce compelling evidence of 
carcinogenicity. Most investigations in lab 
animals presented in glyphosate Technical Fact 
Sheet published by National Pesticide 
Information Center (Miller et al, 2010) 
confirmed non-carcinogenicity effect of 

glyphosate in the low-doses and mid-doses, but 
in high-doses, slightly increased incidence of 
renal tubular adenomas, increased incidence of 
hepatocellular hypertrophy, hepatocellular 
necrosis and interstitial nephritis. However the 
EPA and an independent group of pathologists 
and biometricians concluded that the occurrence 
of adenomas was not caused by glyphosate, as 
well glyphosate was negative in various in vivo 
and in vitro test systems evaluating gene 
mutation, chromosomal aberration and DNA 
damage (Cal/EPA, 1992). 

Miller or glyphosate [N-(phosphonomethyl) 
glycine - isopropylamine (IPA) salt; C3H8NO5P] 
is a post-emergent, non-selective 
phosphonoglycine herbicide. In 1970 it was 
discovered to be a herbicide by the chemist John 
E. Franz of Monsanto company,USA.  In 2001 
considered the most heavily used herbicide on 
crops, in forestry and in residential settings.  In 
plants, glyphosate disrupts the shikimic  acid 
pathway through inhibition of the enzyme 5-
enolpyruvylshikimate-3-phosphate(EPSP) 
synthase. The resulting deficiency in EPSP 
production leads to reductions in aromatic amino 
acids that are vital for protein synthesis and plant 
growth (Vencill, 2002). The shikimic acid 
pathway is specific to plants and some 
microorganisms. The absence of this pathway in 
mammals may explain the low toxicity of 
glyphosate to non-target organisms(WHO 1996). 
Glyphosate is not absorbed by a plant’s root 
system because of its strong adsorption to the 
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soil. However, it is easily absorbed by leaves 
from spray residues and translocated throughout 
the plants and fruits. Therefore, glyphosate 
concentration may increase in plants 
immediately after spray. Lettuce, carrots, and 
barley contained glyphosate residues up to one 
year after the soil was treated with 3.71 pounds 
of glyphosate per acre (McMullan, Honeggar, 
and Logusch, 1990). In soils, glyphosate is 
readily degraded by soil microbes to inorganic 
constituents, including carbon dioxide and 
phosphate. However, no appreciable degradation 
of glyphosate was observed in water via 
chemical, microbiological or photolytic 
processes for 78 days (Anton et al., 1993). 
Chromosome aberrations, sister chromatid 
exchange (SCE), and mitotic index were studied 
in peripheral lymphocytes from three healthy 
donors exposed in vitro to different 
concentrations of glyphosate. Glyphosate 
produced a dose-related increase in the percent 
of aberrant cells and an increase of SCE per cell, 
but did not affect the mitotic index (Lioi,et al. 
1998). In another research, Prasad et 
al.,(2009) observed that Glyphosate treatment 
significantly increased chromosomal aberrations 
(CAs) and micronuclei (MN) in bone marrow 
cells of Swiss albino mice. Poletta et al. (2009) 
evaluate the genotoxic potential of glyphosate in 
erythrocytes of broad-snouted Caiman (Caiman 
latirostris) using Comet assay and MN test. A 
significant increase in DNA damage was 
observed at a concentration of 500 μg/egg or 
higher, compared to untreated control animals. 
Results from both the Comet assay and  MN test 
revealed a concentration-dependent effect.  

 
Effects of Pesticides on Sperm 

The survival of a species depends on the 
integrity of its reproductive system. Damage by 
physical or chemical agents to the sperm, ovum 
or fertilized ovum may cause infertility, 
spontaneous abortion and birth defects, or may 
result in mutations that are passed on to future 
generations (Swati, 2004).   Chlorpyrifos at dose 
levels of 7.5, 12.5 and 17.5 mg/kg BWT/day was 
administered orally to male rats for 30 days to 
evaluate the toxic alterations in testicular 
histology, biochemistry, sperm dynamics and 
testosterone levels, the results concluded that 
Chlorpyrifos induces severe testicular damage 
and results in reduction in sperm count and thus 
affect fertility (Joshi et al., 2007). Clair et al. 
(2012) found that glyphosate at higher doses 
provoke necrosis and apoptosis in germ cells and 

membrane degradation in Sertoli /germ cells as 
well decrease testosterone by 35% at lower 
doses.  

In the literature there are a lot of other 
examples showing the adverse effects of 
different types of pesticides on the genetic 
materials and sperms of different mammals. In 
contrast to these data Bayer Glyphosate 450 
Herbicide Product safety sheet data (2010) 
indicate that this herbicide is practically non-
toxic to fish, aquatic invertebrates, birds and 
bees and has low toxicity to earthworms. Dietary 
concentrations of up to 10,000 ppm or 293 
mg/kg/day of glyphosate given to rats over two 
generations had no effect on male or female 
sexuality and fertility. The lowest observed 
adverse effect level (LOAEL) for parental and 
offspring toxicity is 3000 ppm, based upon a 
reduction of body weight at 10,000 ppm 
(Moxon, 2004). Spermiotoxicity study by Akcha 
et al. (2012) revealed that glyphosate had no 
cytotoxic effects on oyster spermatozoa. 

These data presents inconsistent and 
conflicting results on the effects of glyphosate. 
A report of Buffin and Jewell (2001) on health 
and environmental impacts of glyphosate as well 
had included a lot of divergence and 
controversial data. The aim of this research is to 
investigate the effects of glyphosate (Miller) on 
chromosomes and sperms of mice to clarify 
some of these conflicts.    
 
Material & Methods 

Reagents 
Miller, in the form of Glyphosate 480 g / 

Liter was brought from local markets of Dohuk 
city.  The acute oral LD50 of Miller to male 
albino mice was found to be 1568 (mg/kg bw) 
(NTP, 1992). Miller was used in three doses 
(250, 500, and 750) mg/kg of body weight. The 
doses were prepared by diluting the herbicide 
with distilled water then placed in clean and dry 
bottles. The mice were treated orally 3 times 
weekly by using dosage syringe prepared locally 
from 2 ml disposable syringe and needle. 

 
Animals 

Adult males of Swiss albino mice (Mus 
musculus) BALB/c (8-10) weeks in age, 
weighing (30-35) gm were used in this study. All 
aspects of the animal experiment, breeding, 
parturitions were carried out in the Animal 
House of the Department of Biology, Faculty of 
science, University of Zakho and maintained at 
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room temperature (22 ± 2).A standard diet and 
water was used to feed the mice. 

 
Preparation of chromosomes from the bone 
marrow cells 

At the end of the treatment, each animal was 
injected intraperitoneally with 1ml of fresh 
colchicine (0.04 %) to arrest cell division at 
metaphase. Two hours after injection, animals 
were sacrificed by cervical dislocation for 
preparation of the chromosomes from bone 
marrow cells. Chromosomes were prepared by 
using the methodology of Evans et al. 
(1964).The slides were air dried at room 
temperature, stained with 2 % Giemsa stain for 
10-15 min then washed with phosphate buffer to 
remove the excess stain. At least 100 metaphase 
cells per animal were scored to investigate 
chromosomal aberrations (Sharma and 
Sharma,1980). 

 
Sperm preparation 

The sperms were prepared from epididymis 
and vas deferens. After killing the animals, the 
epididymis and vas deferens were removed from 
the reproductive system and transferred to a 
small Petri dish containing normal saline. Using 
a sharp scissor the epididymis and vas deferens 
were cut into several parts, and the sperms were 
released into saline solution. The sperm 
suspension was smeared, dried, fixed with 
fixative (three volumes of absolute methanol and 
one volume of glacial acetic acid.), then stained 
with haematoxylin for 15 min, washed with tap 
water, then stained with 1 % eosin for 10 min 
and washed with tap water and left to dry at 
room temperature. At least 1000 sperms were 
counted from each animal to determine sperm 
morphology and abnormalities (Wyrobek, 1979). 

 
Experimental design and Statistical analysis 

The experiment was carried out in a factorial 
design arranged in a Completely Randomized 
Design (CRD) .The main factors were: A- Miller 
doses, the concentrations were (0.0, 250, 500, 
and 750 mg/kg b.w.). Each treatment was 
repeated 5 times.  B- Periods (PI =3weeks, P2=6 
weeks). 

Statistical analyses were performed with SAS 
software. Data were analyzed using one way 

analysis of variance (ANOVA) followed by 
Duncan’s multiple range of the doses and 
periods (Duncan, 1955). Results were reported 
as mean values ± S.E. and differences were 
considered as significant at (P≤ 0.05). 

 
Results 

Effects of Miller on chromosomes of bone 
marrow cells of mice 

The frequencies of different types of 
structural chromosomal aberrations (CA) 
induced by the herbicide miller in bone marrow 
cells of mice are shown in Table (1). The results 
show a significant differences (p<0.01) in 
chromosomal aberrations such as centromeric 
gaps, chromatid deletion, chromatid gaps, 
dicentric chromosome and ring chromosome 
when compared to untreated mice. These types 
of aberrations are shown in Figure 1. The data in 
Table 1 also reveal great differences in the total 
percentage of aberrations. These values 
increased with increase of miller doses as well 
with extending of the treatments period. The 
results in Table 1 indicate that the most types of 
aberrations were the centromeric gaps and ring 
chromosomes at D3 5.60±0.47 and 7.20±0.71 
respectively when compared to control D0  
2.50±0.42 and2.10±0.23, respectively. The least 
CA was the dicentric chromosomes in control 
group  0.30±0.15 increased to 0.60±0.16 in D3.  

The number of CA increased with extending 
of the doses period as shown in table (1). There 
was a highly significant effects (p<0.01) of 
periods on centromeric gaps, chromatid gaps and 
ring chromosomes and significant effects 
(p<0.05) on chromatid deletion, while the 
periods didn’t shows any effects on the 
formation of dicentric chromosomes. 

Significant interactions (p<0.05) between 
doses and periods has been found in ring 
chromosomes while interaction in the rest of the 
parameters were non  significant (Table 1).The 
highest interaction value scored in D3P2 
8.80±0.86 for the ring chromosome. The data in 
table (1) as well shows that the total values of 
interactions increased with the increase of miller 
doses as well with extending of the treatments 
period. 
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Figure (1): Different types of chromosomal aberrations induced by miller herbicide in bone marrow 
cells of Swiss albino males mice (100x).  A- normal chromosomes; B- centromeric break;  C- 
centromeric gap; D- Deletion  E- Ring Chromosome;  F- Chromatid gap. 
 
Effects of Miller on sperms of mice   

The data in tables (2A and B) represent the 
effects of miller on the sperms of Swiss albino 
male mice. The values of these traits in tables (2 
A and B) were   the number of abnormal sperms 
counted from total of 1000 sperms. From these 
data, it is obvious that there is a high significant 
difference in all types of sperm abnormalities 
listed in the tables due to the effects of the 
treatments when compared to control. The total 
number of abnormal sperms increased constantly 
with increase of miller doses. The highest total 
number of abnormal sperms was in D3 = 120.7. 
The highest mean value of abnormal sperms 
head in treated animals (Table 2.A) compared to 
other types of head abnormalities was 
27.00±2.43 in amorphous head sperm. The 
highest mean value of abnormal sperms tail 
(Table 2.B) compared to other types of tail 
abnormalities was 30.80±1.90 in bent mid piece 
defect. The least affected trait was the sperms 
with swollen head with value of 1.40±0.22 in D0 
treatment.  

There were a high significant differences 
(p<0.01) between all doses due to the effects of 

periods, as the total number of affected sperm in 
the first period was 136.75 increased to 214.20 
in the second period. The most affected traits by 
the periods were sperms with bent mid piece 
defect and sperms with coiled tail, while the 
least affected trait was the sperms with double 
tail (Table 2 B).  

There was a significant differences (p<0.01) 
between treatments due to the interactions 
between doses and periods (Tables 2 A and B). 
The non affected traits were Sperms with 
Banana head, Sperms with Double heads and 
Sperms with Double tail. The highest value of 
total abnormal sperm was in D3P2 with value of 
142.4, while the least interaction was in D0P1 
with total abnormal sperms 38. The most 
interaction between the periods and doses was in 
D3P2 with value of 35.40±1.72 scored in sperms 
with bent mid piece defect, while no interactions 
in D0P1 for sperms with double tail. 

Most types of sperms abnormalities in males 
of albino mice induced by Miller herbicide are 
shown in Figure (2). 
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Figure (2): Different types of mice sperms abnormalities induced by miller herbicide (100x). A- 
hookless sperms; B- swollen head sperm; C-sperm  with amorphous head; D-sperms with defected 
hook;  E- sperms with banana head; F- Sperm   Double heads; G- Sperms with Double tail; H- Sperms 
with bent midpiece defect; J- Sperms with Coiled tail.   
 
Discussion 

Effects of Miller on chromosome of bone 
marrow cells of mice 

Miller or glyphosate, being one of the most 
commonly used herbicides, has been extensively 
studied over the last 20 years. Literature on 
cytotoxic and genotoxic activity glyphosate is 
abundant but it has included a lot of 
controversial data (Buffin and Jewell, 2001). In 
the present study, the genotoxicity of miller was 
revaluated. The experimental data revealed 
significant differences between the doses in their 
effects on all types of chromosomal aberrations 
except the dicentric chromosome. Percentage of 
chromosomal aberrations increased with 
increasing dose concentration.   These results are 
smiler to those reported by Prasad et al., (2009), 
in which glyphosate were administered by a 
single intraperitoneal dose (25 and 50 mg/kg 
b.wt) to males of albino mice and they found 

that glyphosate significantly increase 
chromosomal aberrations in both treatment and 
time compared to the control. They attributed it 
either to induction of DNA lesions or 
interference of glyphosate with DNA repair. 
Peluso et al.,(1998) also reported a dramatic 
increase in the number of oxidized guanine,                    
8-hydroxylguanine (8-OHdG), residues in the 
DNA of liver cells isolated from mice treated 
with Glyphosate which also may be the reason 
of chromosomal aberrations in bone marrow 
cells of mice as observed in the current study. 
Concurrently, Bhunya and Behera (1988) 
observed similar increase in chromosomal 
aberrations in bone marrow cells of Swiss albino 
mice when they used Monocrotophose pesticide 
in their experiments. These results also agree 
with those reported by Taha, (2000) who showed 
that exposure to granstar herbicide induce 
chromosomal aberrations in all doses and 
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periods. As well same results were obtained by 
Jha et al., (2002) who explained that increasing 
dose of carbazole lead to increase the frequency 
of some chromosomal aberrations per cells in 
bone marrow cells of albino mice. 

The present study show significant 
differences between periods in their effects on 
the increase of chromosomal aberrations except 
for dicentric chromosome aberration. These 
results are supported by Sulaiman, (2000) who 
observed that chromosomal aberration is 
dependent on the duration of the study when he 
studies the genetic and histological effects of 
cigarette smoke on albino mice. Similar results 
were also obtained by Holden et al., (1973) who 
showed that increasing exposure time would 
increase the rate of chromosomal aberrations in 
bone marrow cells of CD-1 albino mice treated 
with 6-mercapto purine. In contrast to these 
results Kourakis et al., (1992) observed no 
positive correlation between the frequency of 
chromosomal aberrations and the duration of 
exposure in peripheral blood lymphocytes of 
workers occupationally exposed to mixture of 
pesticides. The present study revealed that some 
types of aberration increased with increasing 
exposure time, which might be due to that some 
cells exposed to harmful effects at any phases of 
the cell cycle, also the chromosomal density in 
these stages are the highest. 

The interactions between doses and periods 
and their effects on chromosomal aberrations 
show no significant effects on all types of 
chromosomal aberrations except for ring 
chromosome aberration.  

 
Effects of miller on sperms of mice 

The result of the current study shows that 
different doses of Miller caused highly 
significant differences in all types of sperm 
abnormalities except double head sperms 
abnormality. The third dose was the most 
effective in causing most types of sperms 
abnormalities. These results are similar to those 
reported by El-Nahas et al. (1989) who 
explained that Curacron (an organophosphorus 
pesticide) caused different morphological sperm 
abnormalities which increased significantly after 
treatment with Curacron. The increase was dose-
dependent. Similarly, Mathew et al. (1992) 
observed that Methyl-parathion showed a dose 
related increase in the percentage of sperm 
abnormalities. The current results also agree 
with the findings reported by Yousef et al. 
(1995) who explained that glyphosate showed 

decline in body weight, libido, ejaculation 
volume, sperm concentration and increases in 
the abnormal and dead sperms. Hurtado de 
Catalfo Graciela et al. (2011) as well noticed 
alterations in spermatozoa morphology and in 
plasma membrane integrity when they tested 
dimethoate, glyphosate and zineb.   
Radioimmuno assay analyses (RIA) 
demonstrated androgenic hormone imbalance in 
plasma and testes. The acrosome reaction was 
also altered. Free thiols (positively correlated 
with DNA denaturation) and fructose levels 
were elevated in seminal vesicles from treated 
rats. Taking into account the low doses of 
pesticides that provoke these alterations, it was 
assumed that the environmental pollution may 
play a key role as a causative factor for sperms 
abnormalities. These results are another support 
to the present study. Wyrobek et al. (1975) 
mentioned that the chromosomal aberrations 
may cause abnormal sperm morphology in a 
number of ways. One possibility is that the 
presence of a translocated chromosome within 
the germ cell will lead to the malformation of the 
sperm head. A second possibility is that 
chromosomal imbalance, i.e., aneuploidy, 
duplications or deficiencies, within the 
spermatid or haploid cells causes abnormalities 
in shape. These notes may explain the formation 
of abnormal sperms in the current study. 

Periods showed significant effects on all 
types of sperms abnormalities except double 
head sperm abnormality. Furthermore, the 
results showed that the second period was highly 
effective in inducing most types of sperm 
abnormalities. Similar results were observed by 
Taha, (2000) who explained that the periods had 
significant effects on sperm abnormalities when 
he studied the effect of different periods on 
sperm abnormalities in male mice treated with 
the herbicide granstar. 

In this study, the interaction between doses 
and periods and their effects on sperm 
abnormalities revealed significant differences in 
most types of sperm abnormalities. Since the 
process of spermatogenesis is genetically 
controlled, the abnormalities in sperms reflect 
the abnormalities in chromosomes of 
spermatogenic cells. The spermatogenesis is a 
continuous process and the inducing agents may 
act at various steps of spermiogenesis. This may 
be the reason of the inconsistence response to 
glyphosate doses and periods which led to 
significant differences due to the interaction 
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between doses and periods in most of sperm 
parameters.   
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