
 Nature and Science 2018;16(7)   http://www.sciencepub.net/nature 

 

119 

Bioavailability and Genotoxicity of glyphosate treated soil on Archachatina marginata 
 

Angela C. Udebuani1, Ethelbert U, Ezeji1, Reuben C. Agu1, Ikechukwu N. E. Onwurah2 and Priscilla N. Abara3 

 

1Department of Biotechnology, Federal University of Technology, P.M.B. 1526, Owerri Nigeria 
2Department of Biochemistry, University of Nigeria Nsukka, Enugu State Nigeria 

3Department of Biology, Federal University of Technology, P.M.B. 1526, Owerri, Nigeria 
ucheezeji@gmail.com 

 
Abstract: The study of the effects of contaminants of emerging concern such as glyphosate on non-target organisms 
such as African snail (Archachatina marginata), with emphasis on the genomic DNA profile, is of great 
toxicological importance in terms of risk assessment. Until recently, genetic effects were largely inferred from 
observations of genotype. With the ability to perform DNA sequencing and use of PCR, it has become possible to 
determine genetic variations occasioned by environmental toxicants through the Science of Genomics. Archachatina 
marginata’s nature and way of life offers an excellent model animal for the study of the sensitivity of some 
terrestrial animals to environmental stress induced by chemical pesticides such as glyphosate. In this study, the 
African giant snail was exposed to soil samples spiked with different concentrations of glyphosate for several weeks 
and their genomic DNA extracted and subjected to electrophoresis. Amplification of the various DNA bands was 
carried out using an OMnE-PCR System programming. Our result shows that the AP-PCR genotypic profile with 
oligonucleotide prima OPA (gaaacgggtg) on DNA of Archachatina marginata exposed to glyphosate for a period of 
7 days gave varying number of fragments with different amplification bands, corresponding to different molecular 
weights or sizes. Similarly, in comparing the length of time of exposure to glyphosate, it was observed that newer 
DNA fragments with higher intensity and larger molecular sizes were obtained from DNA amplification as against 
the control that remained the same, except for the unique band (100-400bp) that was observed in all the snails 
(exposed and unexposed). It can be inferred from this study that since glyphosate caused increased number of DNA 
fragments and significantly varying molecular sizes in the African giant snail after an exposure, it has the potential 
mutagenicity that could induce genotoxicity on non-target organisms. 
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1. Introduction 

Pollution from agrochemicals, such as herbicide 
application in agricultural areas, is among the critical 
factors changing life forms in the environment. 
Herbicides are large group of compounds mostly used 
in agricultural, residential, and industrial areas to 
eliminate unwanted weeds. Its use in agricultural farm 
has allowed crop seeds to grow without competition 
from weeds, thereby increasing agricultural 
productivity and product quality (McDougali, 2010). 
However, due to their chemical compositions, high 
toxicity, and mode of action, they have been declared 
as persistent and bio-accumulative pollutants 
(Kreuger, 1998; Dorigo et al., 2007).  

Among them, glyphosate is a non-selective, 
broad-spectrum herbicide used to control most annual 
and perennial weeds (William et al., 2002). It works 
by inhibiting the enzyme 5-enolpyruvil shikimate 3-
phosphate synthase (EPSPS), a key enzyme in the 
shikimate acid pathway of plants, for the synthesis of 
aromatic amino acids (DellaCioppa et al., 1986). This 
inhibition property leads to a shortage in aromatic 
amino acids, quinones and cofactor biosynthesis. The 

inhibition of amino acids can also induce non-target 
indirect effect, such as proteolysis and increase in free 
amino acids (Zulet et al., 2013; Faus et al., 2015). 

Results of previous studies have consistently 
shown diverse toxic effects of glyphosate and 
glyphosate-based herbicides on organisms in various 
environmental compartments (Akcha et al., 2012; Tsui 
and Chu, 2003; Giesy et al., 2003; de Liz Oliveira 
Cavalli et al., 2013 and Astiz et al 2012). However, 
there is paucity of information on the effects of 
glyphosate on non-target terrestrial organisms, and 
this may be attributed to the limited number of studies 
in this area. Also toxicological studies of the effects of 
glyphosate and its related compounds on organisms 
have shown cytotoxicity (Li et al., 2013; Marc et al., 
2004a), reproductive toxicity (Dallegrave et al., 2007; 
Romano et al., 2012) and neurotoxicity effects. DNA 
damage following glyphosate exposure at high levels 
has been reported in various species of organisms 
such as rat, tadpole, bovine, drosophila, goldfish, 
caiman, eel and humans (Bolognesi et al., 1997; 
Cavas and Konen, 2007; Clements et al., 1997; 
Gasnier et al., 2009; Guilherme et al., 2010). 
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However, the potential genotoxic effects of 
glyphosate on a non-target organism such as 
Archachatina marginata is yet to be fully evaluated. 

Biological alterations such as DNA strand 
breakage or chromosomal alterations due to exposure 
effects have been reported to be useful in monitoring 
environmental pollution levels (Jha, 2004; 
Theodorakis et al., 2011). The test organism is a 
terrestrial mollusk inhabiting moist areas and strives 
with its foot in agricultural soil where glyphosate is 
applied. Archachatina marginata can serve as a good 
environmental bio-indicator of chemical pollution 
from pesticides.  

 
2. Material and Methods  

Test Sample: Glyphosate (Roundup) was 
procured from an agro-chemical store at Owerri main 
market in Imo State, Nigeria. 

Collection of soil samples: Soil samples were 
collected from different farmland located at Nekede 
Owerri Southeastern Nigeria. The Soil samples were 
then pulled together to have a homogenous sample for 
easy analysis. The soil samples were collected from 
three sites (farm land planted with Manihot 
esculentus, vegetable garden and yam farm). Depths 
of collection of samples were from 0 – 15 cm and 
collection was made easy with spade. The soil 
samples were taken to the laboratory for various 
physical and chemical analyses.  

Sample preparation: The Soil analysis was 
carried out in the Soil Science Laboratory, School of 
Agriculture and Agricultural Technology, Federal 
University of Technology Owerri. The Soil Samples 
were air dried for 7 days, after which they were 
passed through a 2mm sieve and all larger particles 
discarded. The fractions that passed through a 2mm 
sieve were the fine earth, which were used for 
subsequent analysis. 

Blending of Soil with Glyphosate: Different 
volumes of glyphosate were mixed with 20 g of 
agricultural soil and were developed at 4 levels each 
with the following concentrations of glyphosate to 
soil: 250 mg/g, 500 mg/g, 750 mg/g and 1000 mg/g. 
Each treatment was replicated thrice and this brought 
the total experimental pots to 12 (3x4). They were 
arranged in a completely randomized design (Gomez 
and Gomez, 1984). The samples were mixed 
thoroughly inside a plastic container and stored in a 
green house in School of Agriculture and Agricultural 
Technology, Federal University of Technology 
Owerri. Thereafter four sampling dates (1, 7 and 14 
days) after application were taken and on each date 5g 
of each sample was taken to the laboratory for 
analysis. 

Soil analysis: Soil particle size analysis was 
determined by hydrometer method (Gee and Or 2002), 

Percentage water content on saturation (%WCS) was 
calculated as weight of wet soil divided by weight of 
dry soil multiplied by 100. Soil pH was measured 
using pH meter in a soil water ratio of 1:2:5 
(Hendershot et al., 1993), Cation exchange capacity 
was determined by ammonium acetate method (Soil 
Survey Staff, 2003), Organic carbon was estimated by 
wet digestion method (Nelson and Sommer, 1982) and 
organic matter was calculated by multiplying the 
percentage organic carbon by 1.724 which is the 
Vandenmelen’s correction factor. Glyphosate was 
determined after extraction with Ammonium 
Molybdate Tetra hydrate and the absorbance of the 
phosphomolybdateheteropolyblue complex was 
measured against water on spectrophotometer at 
830nM. 
Determination of the effect of glyphosate on Snail 
after exposure 

Procurement of Snail: A total of twenty (20) 
giant African snails Archachatinamarginata were 
procured from snail Nigeria. The reason for buying 
snails from a known farm was to avoid using already 
contaminated snail. The snails were picked manually 
and transported to the laboratory in pre-labeled plastic 
containers.  

Animal husbandry: The Snails (Achachatina 
marginata) used in this study housed in mosquito net 
screened (to prevent flying insects and avoided snail 
escape) wooden cages (Cobbinah 1994). The cages 
were positioned into pens measuring 42cm x 28cm x 
20cm. They were elevated 50cm off the ground with 
legs permanently placed in used engine oil to prevent 
crawling insects and termites. 

Feeding: The snails were fed with plant materials 
such as leaves of Amaranthus hybridus, water leaf and 
leaves of Manihot esculanta, Carica papaya, fruits 
such as ripe pineapple, banana, and pawpaw. Water 
was sprinkled on the snails every evening on daily 
bases. 

Acclimatization of Snails: The snails were 
exposed to the composited uncontaminated soil 
sample just to get them acclimatized. 

Exposure of Snail to glyphosate: Three snails of 
known weight were exposed to different 
concentrations of glyphosate in 20grams of soil as 
mentioned earlier in experimental design. 

GROUP A: 0 glyphosate + 20g of soil (0%, 
w/w) A 

GROUP B: 500mg of glyphosate + 20g of soil 
(25%, w/w) B 

GROUP C: 10,000mg of glyphosate + 20g of 
soil (50%, w/w) C 

GROUP D: 15,000mg of glyphosate+ 20g of soil 
(75%, w/w) D. 

The replicate experimental groups were as 
follows:  
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GROUP A: GA1 GA2 GA3 (0%) 
GROUP B: GB1 GB2 GB3 (25%) 
GROUP C: GC1 GC2 GC3 (50%) 
GROUP D: GD1GD2 GC3 (75%) 
Group A (GA1, GA2, GA3) serve as control for 

this study and therefore were not exposed to 
glyphosate.  

Genomic DNA extraction from Archachatina 
marginata:  

The genomic DNA of Archachatina marginata 
was extracted using the method of Stothard et al 
(1996). Each snail was removed with 70% ethanol and 
soaked in TAE buffer, pH 7.4, (10mM, TrisHCl and I 
mM EDTA) overnight so as to remove the remaining 
ethanol. Tissues from each snail were placed in a 
sterile 1.5ml micro-centrifuge tube with 500µl of 
CTAB solution (0.2% 2-mercaptoethanol, 2% 
hexadecyltrimethyl-ammonium bromide (CTAB); 
100mM Tris (hydroxymethyl) amino methane; 16mM 
EDTA; 1.4M sodium chloride) and the tissue 
homogenized. Proteinase K solution (10µl at 
20mg/ml) was added and the digests incubated at 
55oC for 1hr with occasional gentle mixing. Genomic 
DNA was extracted from the digests by adding an 
equal volume of Chloro-form/isoamyl alcohol (24:1) 
to each tube. The organic and aqueous layer were 
gently mixed for 5mins and spun at 13,000 rpm for 
20min. For each sample, the upper aqueous layer was 
removed into another sterile micro-centrifuge tube and 
an equal volume of 100% ethanol was added, mixed 
and the whole incubated at – 200C overnight in order 
to enhance DNA precipitation. The precipitate was 
spun at 13000rpm for 20 min and the pellet was 
washed with 70% ethanol and spun for another 20 
min. The supernatant was removed and the pellet was 
dried at room temperature. When completely dry, the 
pellet was re-suspended in 50µl of purified water. 

Agarose electrophoresis of extracted DNA:  
Agarose powder (0.75g) was added to 80ml, Tris 

acetate EDTA (electrophoresis buffer) in a conical 
flask and then heated in a microwave oven until the 
agarose completely dissolved. After cooling the 
solution to 60OC, it was poured into a casting tray, 
which has the comb in place, to solidify at room 
temperature (45min). After solidification, the comb 
was removed. The gel still in its plastic tray was 
placed into the electrophoresis chamber and then 
covered with Tris- Acetate. EDTA (TAE) buffer the 
electrophoretic chamber was covered with the lid and 
the power terminals connected to the power pack. 
Current was 35 volts for 24 hours Migration was from 
negative pole to positive pole. This was followed by 
photo documentation. 
PCR Amplification and Quantification of extracted 
DNA 

The DNA fragments were amplified using the 
primer OPA07 (51-GAAACGGGTG-31). The primer 
and cycling condition were as described in Kane et al. 
(2008). Both the OPA 07 products of the exposed and 
unexposed were run on 0.8% agarose gel followed by 
photo-documentation. The DNA fragments were 
excised from an agarose gel using a scalpel blade and 
purified employing a QIA quick Gel Extraction Kit 
(Qiagen). Each sample was quantified using a Nano-
drop ND – 1000 spectrophotometer (Nanodrop 
Technologies Inc.) 

 
3. Results and Discussion 

Results of some soil properties are shown in 
Table I. Variations were observed in the percentage 
composition of silt, clay and sand for glyphosate-
treated soil and control. Dureja and Tanwar (2012) 
reported that soil texture (percentage sand, silt and 
clay) and structure play a large role in transport 
processes of pesticides. Soils generally were high in 
sandy fractions and they are distributed as follows 7 
days (900 gkg-1), 14days (890 gkg-1), 21 days (912 
gkg-1). Glyphosate did not affect the sandy nature of 
the study site; earlier report by Onweremadu et al. 
(2007) showed that soils of this study area are sandy. 
Soil that are sandy in nature, allows liquid formulated 
pesticides like Roundup to move both vertically and 
horizontally, through them quickly.  

 
Table 1: Selected soil properties (0 – 15 cm depth) 
(mean values) (n = 12) 
Soil properties 7 days 14 days  21 days  Control 
Silt (g kg-1)  34  32  29  24 
Clay (g kg-1)  61  49  41  38 
Sand (g kg-1)  90  89  91  96 
MC (g kg-1)  150  150  141  138 
pH   4.7  5.2  6.2  6.8 
CEC (cmol kg-1 11.2  10.7  8.7  7.7 
OM (g kg-1)  8.74  7.24  5.53  3.62 

 
Percentage moisture content was higher in 

glyphosate treated soil than in the untreated soils. 
Herbicides has been reported to be less persistent in 
soil with high moisture content Durejan and Tanwar 
(2012). Reduction in soil pH observed in glyphosate-
contaminated soil (4.7) compared to the control (6.8) 
suggests that application of glyphosate may result in 
producing acidic soils. Acidification of soil increases 
the durability of pesticides in soil. Maqueda et al. 
1998; Veiga et al 2001 reported that glyphosate is 
highly absorbed in natural fulvic acid. However, pH 
values in glyphosate-contaminated soil increases as 
day’s progresses, showing possible response of 
degradative organisms proliferating in applied 
glyphosate. Higher values of organic matters were 
observed in contaminated soil compared to the 
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control. This could be attributed to the stimulatory 
effects of microbial population in the glyphosate-
contaminated soil. Araujo et al. (2003) reported 
glyphosate displaying stimulatory effects on microbial 
proliferation in agricultural soil.  

The degradation of the glyphosate applied to the 
soil samples at different concentrations, over a period 
of between 7 to 21 days was studied, and the result is 
presented in Table 2. The result showed that at 7 days 
6.10±0.20, 5.64±0.17 and 4.10±0.17gkg-1 of 
glyphosate remained in the contaminated soil 
compared to the uncontaminated. However, at 14 
days, the concentration of glyphosate reduced 
(4.19±0.08, 4.74±0.09 and 4.55±0.09gkg-1) of soil for 
the three different mixture of glyphosate in 
glyphosate-contaminated soil. Also at 21 days, the 
concentration of glyphosate in glyphosate-
contaminated soil continued to decrease. The lowest 
values of glyphosate concentration obtained at 21 
days (2.35±0.02, 2.19±0.05, 2.05±0.03gkg-1 were 
significantly different from the values obtained at the 
first 14 days of the treatment. The results show that, 
the highest concentrations of glyphosate were 
obtained in early times of treatment (in 0-14 days) 
while the lowest concentrations of glyphosate were 
obtained at 21 days.  

 
Table 2: Changes in glyphosate concentration in soil 
with time 
Glyphosate concentration in soil (mg/kg) 
Days of  Control  15%  10%  5% 
Exposure  (A)  (B)  (C) 
0  0  5.0  10.0  15.0 
7  0  4.10  5.64  6.10 

  ±0.17  ±0.17  ±0.20  
14  0  0.55  0.74  0.91 

  ±0.09  ±0.09  ±0.08   
21  0  0.11  0.27  0.40 

  ±0.06  ±0.07  ±0.05  
 
Between 40 – 60% transformed in 7 days 

Effects of Glyphosate on Genome of A marginata 
Figure 1(a) shows the AP-PCR with 

oligonucleotide primer OPA (gaaacgggtg) genotypic 
profile of A. marginata. Lane 1, 2, and 3 are DNA 
extracts from unexposed snails (positive control with 
primer), which did not undergo any PCR before gel 
electrophoresis and hence very faint bands were 
observed. Lane 7 also is a negative control, which was 
amplified but without a primer, hence no band was 
observed after electrophoresis. Lane 4, 5, and 6 are 
respectively, amplified DNA from snails exposed to 
25, 50, and 75% glyphosate- contaminated soil 
samples for 7days. DNA bands in lanes 8, 9, and 10 
represent respectively exposure to 25, 50 and 75% 

glyphosate-contaminated soil at 14days after 
amplification. 

Figure 1(b) also shows the AP-PCR genotype 
profile with oligonucleotide primer OPA (gaaacgggtg) 
on some DNA of A. marginata after 7, 14 and 21 
days. Lane 1-4 represents control in which no 
glyphosate was applied and no amplified DNA from 
snails exposed to 25, 50 and 75% glyphosate- 
contaminated soil for 21days. In this case, the bands 
were less prominent and few than what was observed 
in Fig. 1(a) thus signifying decrease in toxic effect of 
glyphosate. 

Several DNA bands observed in the exposed 
snails are indicators of genotoxicity as against the 
control, which gave discrete sharp bands. Most studies 
documented the occurrences of environmental 
contaminants such as PAHs have been reported to 
produce such effects. This is made manifest by 
increased DNA amplification products. This was 
observed through several DNA bands of different 
lengths and sizes in A. marginata exposed to different 
concentrations of glyphosate than in the unexposed 
snail. This observed increased number of DNA bands 
could be due to stress response. A marginata in the 
bid to tolerate adverse stress due to exposure to 
glyphosate must have produced excess DNA stains, 
which was helping to tolerate stressful condition. The 
result obtained in this study, tends to agree with 
Ranjendran et al., (2007) who reported that excess 
DNA strains are produced to help tolerate stressful 
condition in lower animals. 

Similar findings have been reported by several 
researchers over increased production of novel 
proteins or increase damage of already existing 
genetic material due to exposure to pesticide: 
Ranjendran et al., (2007), Weber and Jung, (2002) and 
Bolognesi et al., (1993). 

 
Figure 1(a): AP-PCR DNA profile of A. Marginata in 
agarose gel electrophoresis. M – Marker: 1 – 6: Lanes 
in which DNA were applied. 
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Figure 1(b): AP-PCR DNA profile of A. Marginata in 
agarose gel electrophoresis. M – Marker, 7 – 16: 
Lanes in which DNA were applied. 

 
A decrease in DNA fragment / bands was 

observed in the present investigation after 21days 
exposure and this could be attributed to more severe 
effects of the pesticide, especially at higher 
concentration Kumar et al., (2011). Hence genotoxic 

effects are due to concentration and time dependent 
stress. 
Qualification of DNA bands 

The various bands of DNA separated on agarose 
gel were quantified as described in section and the 
result is presented in Table 3: Molecular weights (ng) 
of DNA bands separated on agarose gel 
electrophoresis at different days of exposure of A. 
Merg to varying concentration of glyphosate 
contamination soil. Results in Table 5 show that there 
is no significant difference (p<0.05) in DNA content 
in the control groups from 7 days to 21 days of 
exposure, while there were significant differences on 
the DNA contents of the exposed snails. The 
significant differences were highest in 50% and 75% 
contamination, especially at 14 days of exposure. 
However, the effect of the glyphosate was found to 
decrease in the exposed snails at 21 days of exposure, 
thus suggesting probable adaptation or repair 
mechanism of the damage DNA. 

 
Table 3: Molecular weights (ng) of DNA bands 

Exposure Period  (Days) Control   25%   50%   75% 
7    107.33 ± 1.46  120 ± 1.00  175 ± 2.52  267 ± 3.00 
14    108 ± 1.00  211 ± 1.73  282 ± 3.00  236 ± 1.53 
21    106 ± 1.73  116 ± 1.73  114 ± 1.73  175 ± 5.00 

* Highly significant different values  
 

Conclusion 
Although glyphosate is commonly used in 

agricultural farms to eliminate unwanted weeds, its 
genotoxic effect on some terrestrial non-target 
organism should be of great concern on ecotoxicology 
and human health. The giant snail, A. marginata is 
widely consumed as a source of protein in some parts 
of Nigeria, and hence the potential toxicity to 
indigenes that consume this organism as food cannot 
be over-ruled. Hence the application of glyphosate in 
agriculture should be done with greater caution 
especially when applied to sandy soil that is more 
liable to transfer the glyphosate away from the site of 
application rapidly into water bodies. 
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