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Abstract 

Background  The glassy clover snail, Monacha obstructa (Pfeiffer), is considered one of the major agricultural pests 
that ruin many field crops, vegetables, orchards of fruits, plants of ornament as well as many other plantations. Syn‑
thesis of the Schiff base ligand, namely bis-[4-benzylidene-thiophene-2′-yl] methane (L), produced from the reaction 
between thiophene-2-carboxaldehyde and diaminodiphenylmethane (MDA), alongside its copper complex were 
conducted. The output chemical compounds were evaluated in vitro for their molluscicidal activity against the glassy 
clover snail, M. obstructa by performing the contact technique. Stock solutions were prepared via using (distilled 
water + DMF) mixture. Furthermore, the impact of these compounds on some critical biochemical indicators: choles‑
terol, total protein, and acetylcholinesterase (AChE), was evaluated.

Results  The outcome results demonstrated the significantly higher molluscicidal activity of the Cu(II) chelate 
compared to its free ligand (L), which in turn reveals the importance of metal chelation in enhancing toxic‑
ity against the target species. Particularly, the LC25 and LC50 values are (27.25, 34.65) and (17.88, 25.31) ppm 
for the ligand (L) and its copper construction, respectively. Additionally, the data confirmed the significant effective‑
ness of the tested compounds on the assessed biochemical indicators of treated snails. Total protein and cholesterol 
levels were elevated after treatment with both the ligand (L) and its copper complex while AChE activity increased 
after treatment with the ligand (L) and reduced upon the exposure to the Cu(II) chelate.

Conclusions  The findings established that the copper complex exhibited a markedly higher molluscicidal activity 
compared to the free ligand (L). Also, the results confirmed the significant effects of the investigated compounds 
on the assessed biochemical indicators of treated M. obstructa snails.
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Introduction
The notorious economic pests (land snails) are terrestrial 
gastropods that responsible for giving rise to damage for 
several horticultural and agricultural crops, especially 
in temperate and humid regions (Emara et  al., 2023a; 
Rady, 2019). This damage in turn leads to the reduced 
quality of vegetables and fruits, resulting in significant 
economic losses. Monacha obstructa (Pfeiffer) is vastly 
located in natural habitats across the Middle East region, 
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Mediterranean countries, along with many Egyptian 
Governorates (El-Halim et al., 2021; Emara, 2024a). This 
agricultural pest has a veterinary importance because 
it acts as an intermediate host for many parasites; the 
trematode parasite, Brachylaima sp., and the nematode 
parasite, Angiostrongylus cantonensis in Egypt, along 
with other parasitic diseases affecting humans and ani-
mals (El-Halim et al., 2021). Many methods are currently 
used for controlling such agricultural pests, but chemi-
cal treatment is still the most effective one (Emara et al., 
2024b). Thiophene is a versatile and vital building block 
that contains sulfur atom in its chemical skeleton. It is 
important for manufacturing many pharmaceuticals that 
possessing potent anti-infective properties (Keri et  al., 
2017). Thiophene derivatives have been chosen because 
of their potential influence through the metabolism of 
cytochrome P450 (CYP450) (Dua et al., 2008). Enzymatic 
oxidation of thiophene is caused by various CYP450 
enzymes, resulting in forming thiophene epoxides and 
sulfoxides, which in turn can interact with DNA nucle-
obases, forming DNA adducts. During replication of 
damaged DNA, mutations may occur in the newly syn-
thesized DNA strands. This may contribute in the forma-
tion of tumor and lead to permanent mutations of gene 
(Machinist et  al., 1995; Misra & Amin, 1990; Mizutani 
et al., 1994, and Sinsheimer et al., 1992). This study pre-
sents findings on the toxicological effects of some specific 
thiophene derivatives against M. obstructa species under 
laboratory conditions. Additionally, the impact of these 
compounds on some key biochemical indicators; acetyl-
cholinesterase (AChE), cholesterol, and total protein lev-
els, was assessed.

Methods
Tested compounds
Some reputable suppliers such as Sigma-Aldrich, Merck, 
and BDH were the main sources of the used chemicals. 
However, solvents employed in the experiments were 
obtained from commercial suppliers. The ligand, bis-
[4-benzylidene-thiophene-2′-yl] methane (L), and its 

copper chelate were synthesized and characterized as 
previously described (AbouEl-Enein, 2008). The struc-
ture of the synthesized ligand is depicted in Fig. 1.

Investigated land snails
Sers Ellyan Agricultural Research Station located in 
Menoufia Governorate, Egypt, was the infected natural 
habitat from which the healthy adult individuals of the 
glassy clover snail, M. obstructa, were manually collected 
during March, 2024. Upon collection, sacks of muslin 
were chosen to transport the collected snails to the labo-
ratory at which the snails were housed in plastic aerated 
cages. These cages were filled with optimal, moist soil 
and the snails remained inside it along two weeks prior to 
the studies commencement to ensure acclimation. Along 
acclimation period, the fresh, green lettuce leaves were 
provided to the reared snails for nourishment.

Toxicity tests
The median lethal concentrations (LC50) of the ligand (L) 
and its Cu(II) construction were estimated employing 
the contact method following the protocol outlined by 
Mourad, (2014). The investigated compounds’ stock solu-
tions were prepared via using a mixture of distilled water 
and DMF (3:1 by volume). Screening test was performed, 
and then four different concentrations of each com-
pound; (20, 30, 40, and 50 ppm) were prepared, alongside 
parallel control tests. Each treatment consisted of three 
replicates, and all experiments were conducted over a 
period of 72 h.

Biochemical assays
Preparation of homogenate samples
The exposure of the adult reared M. obstructa snails to 
the LC50 concentration of the tested compounds was per-
formed for duration of 72 h. Additionally, parallel control 
tests were conducted. Each biochemical assay was per-
formed via three replicates. After the treatment period, 
deceased snails were excluded from the analysis, and the 
shells of the surviving individuals were removed. The 
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Fig. 1  Chemical structure of the ligand (L) 
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remaining soft body of the live snails was then homoge-
nized with distilled water at 6000 rpm and 5°C for 10 min 
using a BECKMAN GS-6R Centrifuge. Subsequently, the 
resulting supernatant fluid was divided into small ali-
quots (0.5 ml) and stored at − 20°C for further analysis.

Estimation of total protein levels
Total protein levels were estimated using the colorimetric 
method with Biuret reagent, following the technique out-
lined by Henry, (1964).

Determination of cholesterol concentration
Cholesterol concentration was assayed colorimetrically, 
utilizing the technique outlined by Ellefson & Caraway, 
(1976).

Assessment of acetylcholinesterase (AChE) activity
Acetylcholinesterase (AChE) activity in target snails was 
assessed kinetically, according to the method described 
by Burtis-Ashwood, (1994).

Statistical analysis
Sub-lethal concentrations of the investigated chemical 
compounds, along with their slopes and fiducial lim-
its, were determined using Probit analysis program as 
described by Finney, (1971). The resulting data were 
then analyzed using the analysis of variance method 
(ANOVA). Mean values were compared for signifi-
cance at a probability level of 0.05 using the LSD (least 

significant difference) method, following the approach 
outlined by Steel & Torrie, (1981).

Results
Toxicity evaluation
The yielded in  vitro toxicity data of both the ligand (L) 
and its copper construction against adult individuals of 
M. obstructa snails are illustrated in Fig. 2 and displayed 
in Table  1. The ligand (L) reported LC25 and LC50 val-
ues as 27.25 and 34.65 ppm, respectively, with a slope of 
6.46 ± 0.577, while the Cu(II) chelate revealed LC25 and 
LC50 values of 17.88 and 25.31 ppm, respectively, with a 
slope of 4.47 ± 0.523.

Biochemical parameters data
Content of total protein
The results of total protein content estimation of M. 
obstructa snails are presented in Table  2 and depicted 
in Fig.  3. The obtained data demonstrate a significant 
increase in the efficacy of the tested compounds on 
the total protein levels of treated snails. The total pro-
tein content of control snails was (1.85 ± 0.031  g/dL). 
Upon treatment with the ligand and its copper chelate, 
the total protein levels increased to (2.09 ± 0.062) and 
(2.15 ± 0.091) g/dL, respectively.

Cholesterol concentration
Data in Table 3 and Fig. 3 illustrate the response of cho-
lesterol levels in treated snails to the ligand (L) and its 

Fig. 2  Toxicity of tested compounds against M. obstructa 
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copper complex. The cholesterol concentration of treated 
snails displayed a significant susceptibility to the tested 
compounds. Treatment with the ligand (L) and its copper 
complex increased the cholesterol level to (47.49 ± 0.960) 
and (24.84 ± 0.933) mg/dL), respectively, compared to 
(4.76 ± 0.071 mg/dL) for control ones.

Acetylcholinesterase (AChE) activity
The results of AChE activity determination are displayed 
in Table 4 and depicted in Fig. 4. The outcome data indi-
cate opposing effects of the ligand (L) and its copper con-
struction toward the acetylcholinesterase (AChE) activity 
of treated snails. When M. obstructa snails exposed to 
the ligand (L) sub-lethal concentration, the AChE activ-
ity enhanced to 4974.54 ± 195.09  UL−1, compared to 
3310.56 ± 58.08  UL−1 for control snails. However, after 
exposure to LC50 of the copper complex, the AChE activ-
ity was inhibited, dropping to 1335.80 ± 58.15 UL−1.

Discussion
Molluscicidal activity
The existence of sulfur and nitrogen atoms in the chemi-
cal skeleton of the ligand is responsible for its significant 
toxicity (El-Samanody et  al., 2017a). Furthermore, the 

Table 1  In vitro toxicity data of the ligand (L) and its Cu(II) complex against M. obstructa 

Compound Concentrations (ppm) Mortality (%) LC25 (ppm) LC50 (ppm) Slope ± S.E

Ligand (L) 20 11.11 27.25 34.65 6.46 ± 0.577

30 22.22

40 66.68

50 88.89

Cu complex 20 22.22 17.88 25.31 4.47 ± 0.523

30 77.78

40 88.89

50 88.89

Table 2  Efficacy of the tested compounds on total protein 
content of M. obstructa 

Compounds Total protein (g/dL) Mean ± SD (g/
dL)

R1 R2 R3

Ligand (L) 2.14 2.02 2.11 2.09 ± 0.062

Cu complex 2.23 2.05 2.16 2.15 ± 0.091

Control 1.86 1.82 1.88 1.85 ± 0.031

2.15 2.09 1.85

24.84

47.49

4.76
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Fig. 3  Total protein level and cholesterol concentration of treated M. obstructa snails
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Cu(II) chelate demonstrated a higher toxicity than the 
free ligand because of enzyme inactivation caused by 
the interaction between copper cations and enzymes. 
Enzyme function may also be disrupted by the com-
petition of Cu(II) ions with other metal cations such as 
magnesium and zinc (Alnuaimi et  al., 2012; El-Saman-
ody et  al., 2017b). Additionally, oxidative stress may 
be triggered by metal ions accumulated in the snail 

hepatopancreas. This trigger occurs through several 
pathways; including activation of heme and xanthine 
oxidases, inhibition of electron transport chain, the res-
piratory chain, and enzymatic reactions. These effects 
pose significant risks to organisms, potentially leading to 
detrimental outcomes and even fatality (Bici et al., 2023). 
Overall, our findings suggest that the copper construc-
tion displayed a greater promising molluscicidal influ-
ence compared to its free ligand (L), underscoring the 
significance of metal complexation in enhancing toxicity 
against target species (El-Samanody et al., 2017a; Emara 
et al., 2023b).

Thiophene-2-carboxaldehyde and diaminodiphenyl-
methane (MDA) bear resemblance to carbamates in their 
chemical structures: all sharing nitrogen and sulfur atoms 
within their chemical skeletons. This structural similarity 
is reflected in their comparable toxicity profiles against 
land snails. The current findings align with our earlier 
research (Emara et al., 2022), which highlighted the sig-
nificant in vitro and in vivo toxicity of the ligand derived 
from the condensation reaction between methomyl and 
(MDA), as well as its metal chelates, against Eobania ver-
miculata snails. Moreover, Youssef, (2006) emphasized 
that methomyl produced the highest mortality rates for 
Theba pisana, M. obstructa, and E. vermiculata species 
after three days of treatment. This efficacy was attributed 
to the efficient fermentation of bait components. Further-
more, Mobarak, (2014) stated that methomyl and tannic 
acid influenced the activity of ACP and ALP enzymes 
along with cholesterol concentration that responsible for 

Table 3  Impact of the tested compounds on cholesterol 
concentration of M. obstructa 

Compounds Cholesterol concentration 
(mg/dL)

Mean ± SD (mg/dL)

R1 R2 R3

Ligand (L) 48.43 46.51 47.52 47.49 ± 0.960

Cu complex 26.52 24.68 25.33 24.84 ± 0.933

Control 4.84 4.70 4.75 4.76 ± 0.071

Table 4  Effect of the tested compounds on AChE activity of M. 
obstructa 

Compounds AChE activity (UL−1) Mean ± SD (UL−1)

R1 R2 R3

Ligand (L) 4783.92 5173.82 4965.87 4974.54 ± 195.09

Cu complex 1395.96 1279.90 1331.54 1335.80 ± 58.15

Control 3369.96 3253.90 3307.83 3310.56 ± 58.08
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Fig. 4  Acetylcholinesterase (AChE) activity of treated M. obstructa snails
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inhibiting the production of the shell of E. vermiculata 
and M. obstructa snails.

Biochemical assay
Total protein content
The observed fluctuations in total protein levels may stem 
from an imbalance between the synthesis and degrada-
tion rates (Emara et al., 2023a). Khater et al. (1990) sug-
gested that the excess in total protein content could be 
attributed to heightened biosynthesis processes induced 
by elevated enzyme stress. The acquired findings align 
with those of Abd-El-All, (2004) who indicated that E. 
vermiculata snails treated with Niclosamide had elevated 
levels of total lipids and total proteins. Also, Sharaf et al. 
(2015) established that the levels of total protein and total 
lipid were increased after in vitro treatment of Helicella 
vestalis snail with Methiocarb and Chlorpyrifos.

Cholesterol concentration
Cholesterol, a lipid-waxy (fat-like) steroid, is a fundamen-
tal component of the cell membrane and is transported 
in the blood plasma of all animals (Mahan et  al., 2012). 
It plays an important role in many body functions, serv-
ing as a precursor to certain hormones and aiding in the 
digestion of fats. In particular, a specialized form of cho-
lesterol (7-dehydrocholesterol) that found in the skin can 
be converted into vitamin D upon exposure to sunlight. 
There are two primary sources of cholesterol; blood or 
serum cholesterol, primarily produced by the body, and 
dietary cholesterol, obtained from foods of animal ori-
gin (Mahan et al., 2012). Cholesterol is indispensable for 
maintaining proper membrane permeability and fluidity 
in mammalian cell membranes (Berry, 2004). While the 
body primarily synthesizes cholesterol, with a smaller 
contribution from diet, excessive levels of circulating 
cholesterol are strongly linked to the progression of ath-
erosclerosis (Javiett, 1994). Atherosclerosis is character-
ized by the accumulation of cholesterol esters and other 
lipids in the connective tissues of arterial walls. Despite 
being the principal sterol synthesized by animals, small 
quantities of cholesterol are also produced by other 
eukaryotes such as plants and fungi. Cholesterol, being 
an amphipathic lipid, serves as an essential structural 
component of membranes. Cranton and Frackelton, 
(1984) highlighted additional roles of cholesterol, includ-
ing its antioxidant properties.

The achieved results align with those reported by Belt-
agi et  al., (2011) who observed that Thymol and Nico-
tine increased the levels of total protein, total lipid, and 
cholesterol in the hemolymph of E. vermiculata snails. 
In contrast, Kandil et  al., (2014) reported findings that 
diverge from the observed increase in cholesterol lev-
els. They found that the cholesterol level of M. obstructa 

responded differently to methomyl and a mixture of 
(abamectin + acetylsalicylic acid). Specifically, they noted 
a reduction in cholesterol levels to 201.5, 199.5, and 
192.7  mg/dL for the first compound, and 207.2, 205.7, 
and 204.7  mg/dL for the second, after 1, 3, and 7  days 
of treatment, respectively, compared to 477.9  mg/dL 
for the control species. Notably, abamectin bioinsecti-
cide exhibited a strong effect, reducing cholesterol levels 
from 477.9  mg/dL in the control to 0.476  mg/dl by the 
7th day of treatment. Additionally, the combination of 
methomyl with acetylsalicylic acid resulted in even more 
severe reduction, lowering cholesterol to 0.0 after 3 days 
of treatment.

Acetylcholinesterase activity
Cholinesterase enzymes can provide crucial inhibition 
data, especially considering potential variations in sub-
strates and inhibitor specificities among different species. 
Evidence suggests that acetylcholinesterase (AChE) pos-
sesses not only an anionic site in the catalytic center, but 
also peripheral anionic sites where ligands bind, exerting 
a regulatory role on enzyme activity (Eldefrawi, 1985). 
The ability of AChE to undergo ligand-induced confor-
mational changes was initially proposed by Changeux, 
(1966) who observed that Gallamine inhibition of Tor-
pedo marmorata AChE was not strictly competitive, a 
finding later confirmed by Moss and Henderson, (1998). 
This discovery led to the proposition that AChE har-
bors peripheral anionic sites, distinct from the catalytic 
site, where binding of cationic ligands could influence 
the enzyme’s catalytic properties. The acetylcholinest-
erase (AChE) enzyme serves as a reliable biomarker 
across diverse aquatic and terrestrial organisms exposed 
to various pollutants, including insecticides. It remains 
a crucial component in biomonitoring programs aimed 
at assessing insecticide contamination. Acetylcholinest-
erase (AChE) plays a crucial role in degrading the neu-
rotransmitter acetylcholine (ACh) within the synaptic 
cleft. AChE exhibits substrate preference by hydrolyzing 
ACh rather than other choline esters and shows sub-
strate inhibition at high concentrations. There are two 
types of cholinesterase: AChE and butyrylcholinesterase 
(BuChE) (Yaqin, 2010). Sturm et  al., (1999) highlighted 
the distinction between AChE and BuChE in terms of 
substrate and inhibitor binding. AChE has primarily been 
utilized as a biomarker in various organisms and is spe-
cifically classified as a biomarker of response to organo-
phosphorus pesticide exposure (Walker et al., 2006). One 
overarching objective of this study was to investigate the 
potential impact of the tested chemical compounds on 
the AChE activity of M. obstructa, aiming to deepen our 
understanding of its neurotoxic effects. The importance 
of comprehending biomarker responses in land snails 
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had been emphasized (El-Shenawy et al., 2012). Putkome 
et  al., (2008) stated that in the case of long exposure 
times and high concentrations, AChE is degraded, and 
tissue is altered. However, in the case of short exposure 
times and low concentrations, the organism is induced 
to synthesize more AChE than under normal conditions. 
Acetylcholinesterase (AChE) activity does not contribute 
to detoxification in vertebrates; instead, it is crucial in 
facilitating the transmission of nerve impulses through-
out the body. The inhibition of this enzyme by various 
neurotoxic compounds results in an accumulation of the 
chemical messenger, acetylcholine, in the synaptic space. 
This accumulation sustains a continuous transmission of 
nerve impulses, ultimately leading to the demise of the 
individual (Smina et al., 2016).

Conclusion
The Schiff base ligand, bis-[4-benzylidene-thiophene-
2′-yl] methane (L), and its copper construction were 
prepared and evaluated for their in  vitro mollusci-
cidal activity against adult individuals of the glassy 
clover snail, M. obstructa. The findings indicated that 
the copper complex demonstrated a markedly higher 
molluscicidal activity compared to the free ligand (L). 
Additionally, some critical biochemical indicators; 
including acetylcholinesterase (AChE), cholesterol, 
and total protein levels were measured. The acquired 
results confirmed the significant impact of the tested 
compounds on the assessed biochemical parameters 
of treated snails. In conclusion, the tested chemical 
compounds exhibited a notable molluscicidal activity 
against the land snails under investigation. However, 
further investigations are necessary to determine the 
most suitable application technique and mode of action 
for using these compounds to control M. obstructa spe-
cies. Additionally, it is important to assess their impact 
on animals and humans’ health.
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