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Abstract

Molluscs, such as snails and slugs, pose a significant threat to various crops and plants, leading to substantial economic
losses. The conventional approach to mollusc control relies heavily on synthetic molluscicides, which can have detrimental effects
on the environment and human health. Consequently, there is a growing interest in exploring natural alternatives for mollusc
management. This study aimed to investigate the active molluscicidal components found in different organs of Euphorbia
helioscopia sourced from Morocco. A preliminary phytochemical screening was conducted, revealing the presence of polyphenols
in the leaves, flowers, and stems, while saponins were exclusively detected in the roots. Alkaloids were absent in all parts of the
plant. The stems exhibited the highest yield of polyphenols, followed by flowers and leaves, whereas the extraction of saponins
resulted in a comparatively lower percentage yield. The molluscicidal activity of the extracts was evaluated against two terrestrial
phytophagous molluscs, Theba pisana and Arion hortensis, following the guidelines outlined by the World Health Organization.
The results demonstrated that polyphenols extracted from E. helioscopia stems exhibited the highest toxicity against Arion hortensis
slugs, followed by polyphenols from flowers, saponins from roots, and polyphenols from leaves. Similarly, for Theba pisana snails,
the most potent extracts were polyphenols from stems, followed by polyphenols from flowers, polyphenols from leaves, and
saponins from roots. These findings underscore the potential of E. helioscopia extracts as natural molluscicides, highlighting their
efficacy against the tested molluscs.
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1. Introduction effects on non-target organisms and the ecosystem as a whole
Biopesticides are pesticides derived from natural [1]. Consequently, the pursuit of safer and more

sources such as plants, animals, bacteria, and fungi. They environmentally friendly tools and products, both in

provide an environmentally friendly alternative to agriculture and for human use, has emerged as a significant

conventional chemical pesticides, with reduced harmful area of scientific research. Increasing numbers of scientists
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are actively engaged in exploring alternatives to synthetic
pesticides available in the market. These synthetic pesticides
are often characterized by their poor solubility in water and
slow degradation in soil, which can lead to potential
environmental issues [2,3]. The Euphorbiaceae family
exhibits widespread molluscicidal activity, although the
specific activity can vary among different species and even
different parts of the same plant. Extensive studies have
demonstrated the remarkable molluscicidal activity of
Euphorbia helioscopia, making it an intriguing candidate for
further investigation [2,3, 4-5]. Theba pisana snail is
considered a significant pest that causes damage to crops. It
has the ability to gather in large numbers, with up to 3000
snails found on a single tree [6]. This snail is capable of
defoliating large trees, including citrus and ornamental plants.
It also feeds on garden crops, seedlings, and grains such as
wheat, barley, oilseeds, carrots, and legumes [7]. In cereal
production areas, this species causes both direct and indirect
losses. Direct losses include waterlogging of machinery and
direct consumption of the crop. Indirect losses manifest
through grain contamination and the possibility of infestation
by secondary fungal pathogens due to the additional moisture
they provide [8]. On the other hand, Arion hortensis is a
highly destructive slug that affects winter wheat, rapeseed,
sugar beet, and potatoes worldwide, resulting in significant
losses. However, in central Europe, these same crops are
attacked less frequently or with less severity [9-10].

This work presents the results of the phytochemical
screening of E. heliocopia, the extraction of its polyphenols
and saponins, as well as the toxicity of these extracts against
two phytophagous molluscs, Theba pisana and Arion
hortensis.

2. Materials and methods
2.1. Euphorbia helioscopia plant

Euphorbia helioscopia plants were collected from
the Oued Beht region near Khemisset, Morocco. The plant
specimens were identified by the Scientific Institute of
Rabat, and a voucher specimen was filed under the number
RAB091057. To dry the collected plants, they were placed
in the shade until a stable weight was achieved. The drying
process lasted approximately twenty days and was
conducted in a well-ventilated area, ensuring that the
temperature did not exceed 35 °C.

2.2. Theba pisana and Arion hortensis strains

Adults of Theba pisana were collected in the
Meknes region of Morocco, while specimens of Arion
hortensis were sampled in the Dar EI Guedari province of
Kenitra, Morocco.

2.3. Phytochemical Screening

A phytochemical screening was conducted to
perform various chemical analyses, including the detection of
alkaloids, tannins, flavonoids, anthracenitic derivatives,
sterols and triterpenes, saponins, reducing compounds, 0ses,
holosides, and mucilages. This qualitative analysis relied on
coloration and/or precipitation reactions. The screening was
carried out using both dried and fresh plant materials,
following the methodology described by [11]. Table 1
provides an overview of the chemical groups investigated and
the specific reagents employed. Based on the results of the
phytochemical studies, the extraction of polyphenols was
performed from the leaves, flowers, and stems, while
saponins were extracted from the roots of Euphorbia
helioscopia.
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2.4. Polyphenols extraction

Extraction was performed following the method
described by [12]. Powdered leaves, flowers, and stems of
Euphorbia helioscopia (100 grams for each plant part) were
initially subjected to hexane extraction using a Soxhlet
apparatus for 6 hours at 65 °C to remove fats. Subsequently,
25 grams of defatted powder from each plant part were
individually subjected to a second extraction using a Soxhlet
apparatus for 12 hours at 60 °C with 250 ml of solvent
(ethanol). After extraction, the solvent was evaporated using
a vacuum rotary evaporator at 40 °C. The crude extracts
were collected in small dark sterile flasks and stored at 4 °C.

2.5. Saponins extraction

Saponins were extracted using the method
developed by [13]. The ground material of Euphorbia
helioscopia roots was delipidated for two hours with 250 ml
of pure n-hexane. After removing the organic phase, the
resulting precipitate was macerated in 300 ml of absolute
ethanol with magnetic stirring at room temperature for 24
hours. The ethanolic phase was then evaporated to dryness
under vacuum at 40 °C using a rotary evaporator. The dry
residue was extracted three times with a mixture of 100 ml
distilled water and petroleum ether (v:v) heated at 50 °C in
a water bath for 30 minutes. The aqueous phases were
combined and transferred into 150 ml of n-butanol for
analysis, allowing it to sit for 30 minutes. The organic phase
was evaporated to dryness at 40 °C using a rotary
evaporator, weighed, and dissolved in 1% ethanol for
biological tests. After each purification step, the extracts
intended for the biological tests were evaporated to dryness,
and the obtained residue was weighed. The yield, expressed
as a percentage relative to the weight of the starting material,
was determined using the following equation: Y = (Wc -
We) * 100/ Q, where: Y: Yield (in %)
Wec: Weight of the balloon with contents (in g)
We: Weight of the empty balloon (in g)
Q: Weight of the starting plant material (in g) (25g for
saponins and 60g for polyphenols)

2.6. Molluscicidal activity

The toxicity evaluation of Euphorbia helioscopia
extracts was conducted following the guidelines set by the
World Health Organization [14]. Adult snails and slugs of
similar age and size were selected for the experiments, using
a test procedure based on the study by [15]. Homogeneous
lettuce leaf discs were soaked in a series of concentrations
(25, 50, 100, and 200 ppm) of the saponin/polyphenol
solutions for 30 minutes and then allowed to dry. These
treated lettuce discs were then placed in boxes, with each box
containing 10 snails or 10 slugs. Three replicates were
performed for each concentration. Untreated lettuce discs
were used as a control treatment. The experiments were
conducted with an exposure period of 48 hours at
temperatures ranging from 20°C to 25°C. Percentage
mortalities were recorded 48 hours after the treatments. Daily
observations were made until all individuals in the treated
groups had died. Dead individuals were counted and removed
from the boxes. An individual was considered dead if it did
not move upon tactile stimulation of the operculum and body
with a brush. Additionally, for both species, the animal's body
dilated after death.

2.7. Data analysis
To assess the toxicity of different extracts of E.
helioscopia to snails and slugs in this study, survival curves
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were constructed and compared using the Logrank test, as
described by [16]. The Logrank test follows a chi-square
distribution with one degree of freedom. Any treatment with
a chi-square value less than 3.841 was considered not
significantly different. Microsoft Excel version 2013
software was used for data analysis. Lethal doses LD50 and
LD99, which represent the doses required to kill 50% or 99%
of the tested population after 15 days for slugs and 30 days
for snails, were determined using the Probit method
developed by [17]. Confidence intervals for these lethal doses
were also calculated. Biostat Pro version 2015 software was
utilized for this analysis. Lethal times LT50 and LT99 were
calculated as the time at which 50% and 99% of the
population died, respectively. These values were derived
from the equation of the straight line fitted to the cumulative
mortality data plotted against the duration of exposure to
molluscs, following the approach described by [18].

3. Results and Discussions
3.1. Phytochemical screening

The phytochemical screening reactions have
allowed us to identify the presence or absence of certain
chemical substances in Euphorbia helioscopia. Based on our
results, the following observations were made: Alkaloids
were absent in all parts of the Euphorbia helioscopia plant.
Tannins were present in the leaves, stems, and flowers, with
varying levels in the roots. Flavonoids, particularly
flavones, were found only in the stems and roots. Flavanols
and flavanonols were detected in leaves and flowers.
Lencoanthocyans were present in all parts of the plant. C-
heterosides were identified in all four organs of Euphorbia
helioscopia. O-heterosides were absent in roots, and free
anthraquinones were not detected in any part of the plant.
Sterols and tri-terpenes were present in all plant parts
examined. However, reducing compounds and mucilages
were found to be absent. Saponosides were present
exclusively in the roots of Euphorbia helioscopia (Table 2).
These findings provide valuable insights into the chemical
composition of Euphorbia helioscopia and the distribution
of various chemical compounds across its different organs.
According to [19], Euphorbia helioscopia contains
diterpenoid esters of  jatrophan, specifically
helioscopianoides A-Q, as well as euphornin N [20, 21, 22,
23-24]. Chemical analysis of polyphenols in all parts of E.
helioscopia has identified the presence of four hydrolysable
tannins known as helioscopins A and B [25, 26-27]. Other
studies have reported the presence of flavonoids and tannins
[22, 28-29], glycosides such as quercetin-3-pglucoside,
quercetin-3-p-galactoside,  quercetin-3-B-galactoside-2"'-
galla [30], and aryl glycoside, 300-O-galloyl-benzyl-O-a-L-
rhamnopyranosyl-(1—6)-p-D-glucopyranoside [31, 32-33].
Steroids, lipids [23-31], and other secondary metabolites
such as 24-methylene cycloartanol, 24-methylenecycloart-
3-one, cycloartanol, and stigmast-4-ene-3-one have also
been identified [34]. The diversity of secondary metabolites
in E. helioscopia may explain its various applications in
different fields, particularly its effects on plant pests,
including  phytophagous  molluscs.  Phytochemical
screening, utilizing specific assays, has allowed for the
characterization of polyphenols, flavonoids, and saponins in
the various parts of E. helioscopia. These secondary
metabolites exhibit significant toxicological effects at
certain doses. These findings are still preliminary,
highlighting the importance of further studies involving the
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extraction of these active compounds and evaluating their
toxicity against molluscan pests.

3.2. Extraction of polyphenols and saponins

According to statistical analysis, the type of plant
material had a significant impact on the yield of polyphenols
(Table 3). The highest yield was observed in E. helioscopia
stems (22.9 = 0.004%), followed by flowers (21.9 +
0.009%) and leaves (19.8 + 0.012%). Saponin yield was the
lowest, with a percentage of 0.63 + 0.48%. According to
[35], the extraction yields of polyphenols from E.
helioscopia were found to be 10.64%, 19.20%, and 13.68%
for stems, flowers, and leaves, respectively. Some studies
have reported higher levels of polyphenols in the leaves
compared to other plant organs [36]. Additionally, the
extraction of galactoside from quercetin, later known as
tithymalin, resulted in a yield of 46.93% [28-33]. Other
compounds such as hydrocarbons yielded 9.5%, aldehydes
8.9%, and sterols 1.4% [37]. Polyphenol yields are
significantly influenced by various factors, including
genetic factors such as plant species, plant organs,
phenological stage, and environmental factors such as soil
and climate conditions. Biotic and/or abiotic stresses during
plant growth can also impact polyphenol content [38, 39, 40,
41-42]

3.3. Molluscicidal activity

Responses of individual snails and slugs to the various
concentrations of polyphenols and saponins studied are
summarized in the form of survival curves (Figure 1 and 2).
All tested polyphenols resulted in significantly higher
mortality rates compared to the control groups. In fact, the
toxicity exhibited by these molluscs increased with higher
concentrations of the applied products, leading to shorter
survival times with prolonged exposure. In the treated
groups, at a concentration of 200 ppm, snail longevity
ranged from 1 to 3 days for polyphenols extracted from
leaves, 1 to 2 days for stems, and 1 to 4 days for both
polyphenols extracted from flowers and saponins extracted
from the roots of E. helioscopia. In contrast, the control
groups showed stable longevity throughout the experiment.
Overall, the longevity of snail individuals in all groups was
statistically comparable (Figure 1). In the case of adult
slugs, the application of polyphenols extracted from the
leaves, stems, and flowers of E. helioscopia, as well as
saponins extracted from its roots, resulted in significantly
higher mortalities compared to the negative control group
(Figure 2). Survival times for 50% of adult snails and slugs
exposed to different concentrations of polyphenols ranged
from less than 24 hours to about 8 days for snails and from
less than 24 hours to about 4 days for slugs, depending on
the concentration and the specific mollusc species
considered. In the control group, adult snails survived
throughout the entire duration of the test period (Tables 4
and 5). In the case of polyphenols and saponins extracts,
the lethal time (LTsp and LTgy) decreases as the
concentration increases. These two parameters are
negatively correlated, as shown in Tables 4 and 5. For snails,
the LTso decreased from 2.45 to 1.30, 1.58 to 1.06, 3.20 to
1.46, or 4.25to0 1.64 days, and the LTgg decreased from 5.43
to 3.43, 3.65 to 2.58, 7.36 to 4.24, or 8.39 to 4.45 days,
respectively, for polyphenols extracted from leaves, stems,
flowers, and saponins extracted from roots of E. helioscopia
(Table 4).
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Table 1: Specific reagents and reactions of phytochemical screening [11]

Chemical groups

Specific reagents

Specific reactions

Alkaloids

Dragendorff. (Potassium
tetraiodobismuthate)

Orange coloration with the
appearance of precipitate.

Polyphenolic compounds Tannins Stiasny reaction (FeCls) A greenish or bluish-black
coloration
Flavono ids reaction with cyanidin Orange-pink coloration; pink-
violet or red.
Quinonic compounds Coumarins Borntrager- UV reaction Intense inflorescence

Saponins

Determination of Foam Index
(FI*)

Positive test if FI1 > 100
intense foam.

Sterols and triterpenes

Libermann-Burchard
(Acetic anhydride -H2S0.)

The appearance at the
interphase of a purple or
violet ring, changing to blue
and then green

Reducing compounds

Fehling's solution test

Burgundy red precipitate

Anthracenic derivatives

free anthraquinones

(Chloroform- NH.OH)

More or less red coloration

O-heterosides

(HCL Concentrated - NH4OH)

Red coloration, more or less
dark

C-heterosides

(FEC|3 - NH4OH)

More or less intense red
coloration

Oses and holosides

(H2S04, Saturated ethanol
with thymol)

Red coloration

Mucilages

Adding absolute ethanol to the
10% decoction.

Formation of a fluffy
precipitate by mixing

Harmouzi et al., 2023
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Table 2: Summary of phytochemical screening results of leaves, stems, flowers and roots of E. helioscopia

Chemical Group Roots Leaves Stems Flowers
Alkaloids ) ) ) )
+ + + +
Polyphenolic . Catechetical Tannins * * *
compounds Tannins
Gallic Tannins * * * *
Anthocyanins ) ) ) )
Flavones * i * i
Flavonoids i ¥
Flavanols et flavanonols i )
Lencoanthocyans * * * *
Free anthraquinones ) ) ) )
Anthracene O-heterosides - * * *
derivatives
C-heterosides * * * *
Sterols and terpenes * * * *
Saponosides + ) ) )
Reducing compounds ) ) ) )
Mucilages ) ) ) )
Table 3: Polyphenol and saponins yield extracted from E. helioscopia
yield (%) E-type ES IC
Polyphenols
E. helioscopia leaves 19.8 0.012 0.007 0.013
E. helioscopia flowers 217 0.009 0.005 0.010
E. helioscopia stems 22.9 0.004 0.002 0.004
Saponines
E. helioscopia roots 0.63 0.477 0.276 0.540
Harmouzi et al., 2023 420
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Table 4: LTso and LTgg of T. pisana adults treated with polyphenols extracted from leaves, stems, flowers and
saponins extracted from roots of E. helioscopia.

Concentration . LTso LToo
Product Equation R? r r
(ppm) a (days) (days)
25 185922‘ * Oég 2.45 5,43
50 1%'472" 080 437
Polyphenols extracted from leaves of 8,25 9 0,91 0,9
E. helioscopia 0
100 172g%>;+ Oé7 1,35 4,10
0,8
200 23x+20 7 130 3,43
25 23;'26%? Oég 1,58 3,65
50 2367x+ 08 4 4 3,48
Polyphenols extracted from stems of 16,67 8 0.92 0,8
E. helioscopia ! 9
P 100 32123%’;+ oig 1,17 2,68
200 321'2‘2’;+ 068 1,06 2,58
25 11127 %’z; Oég 3,20 7,36
50 1464x+ 09 49 5,73
Polyphenols extracted from flowers 15,12 3 091 0,9
of E. helioscopia ' 1
100 135%’;’ Of 1,04 5,46
200 172'222’é+ ois 1,46 4.24
25 1(1)232 - Oég 4,25 8,39
. 50 L 0% s 7,55
Saponins extracted from roots of E. 10,5 7 095 0,9
helioscopia ’ 7
100 l‘;’; %Xl+ Of 245 577
200 172';’?;4’ 058 1,64 4.45

Harmouzi et al., 2023
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Table 5: LTso and LTgg of Arion hortensis adults treated with polyphenols extracted from leaves, stems and
flowers and saponins extracted from roots of E. helioscopia

Product Concentration Equations R? LTso r LToo r
(%) (days) (days)
25 i%g oés 1,42 3,55
Polyphenols extracted from leaves of 50 32133;§+ Oig 1.7 0,9 2,68 0,7
E. helioscopia 100 31,33x+ 0,8 1,02 1 2,59 3
18 2
200 22"6; 0"17 0,88 2,46
25 22x + 20 0é8 1,36 3,59
Polyphenols extracted from stems of 50 3118673);+ Oés 1,00 0,8 2,95 0,8
E. helioscopia 100 i(ixll- 0%8 117 4 176 0
200 ig"z‘; % o 1,74
25 16;}3%‘ t09 s 5,58
Polyphenols extracted from flowers of 50 181g%);+ Oig 1.89 0,9 4,59 0,9
E. helioscopia 100 iiéxG; 0é8 145 2 3,58 6
200 %XG; oés 1,04 2,62
25 15,’1'&23)é+ Oég 3,99 7,23
Saponins extracted from roots of E. 50 141%));: 069 3,12 0,7 5,53 0,7
helioscopia 100 igx;é 0(,)9 151 8 3,64 2
200 222?'73? 058 1,27 343

Table 6: Toxicity parameters of polyphenols extracted from leaves, stems, flowers and saponins extracted from
roots of E. helioscopia against Theba pisana snail

LDso (g/100ml) LDos (g/100ml) 1 (o
Extact from E. helioscopia Slope + [1C] [1C] (0.05;
organ/animal SE 1)
=3.84)
. 24.45 374.41
Polyphenols from leaves/ T. pisana 1.04 £0.45 [4.89: 67.92] [] 0.11
. 15.83 115.50
Polyphenols from stems/ T. pisana 1.17+0.53 [1.83; 63.88] [] 0.04
. 20.98 193.56
Polyphenols from flowers/ T. pisana 1.80 £ 0.56 [4.89; 36.98] [49.92; 201.07] 0.06
Saponins from roots/ T. pisana 1.80 £ 0.56 39.66 186.42 0.18

[20.79; 67.04]

[73.27; 651.26]

Harmouzi et al., 2023
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Figure 1: Survival curve of adults of Theba pisana treated with polyphenols extracted from leaves, stems and flowers
and saponins extracted from roots of Euphorbia helioscopia. (Concentrations affected by the same letter do not show
statistically significant differences between them (Logrank test; P < 0,05; x> %2 (0, 05: 1) = 3,84)). (A): Polyphenols
extracted from leaves of E. helioscopia against T. pisana (adult), (B): Polyphenols extracted from stems of E.
helioscopia against T. pisana (adult), (C): Polyphenols extracted from flowers of E. helioscopia against T. pisana

(adult), (D): Saponins extracted from roots of E. helioscopia against T. pisana (adult)
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Figure 2: Survival curve of Arion hortensis adults treated with polyphenols extracted from leaves, stems and flowers and saponins
extracted from roots of E. helioscopia. (Concentrations affected by the same letter do not show statistically significant differences
between them (Logrank test at P < 0.05; 2> %2 (0, 05; 1) = 3.84). (A): Polyphenols extracted from leaves of E. helioscopia against
A. hortensis (adult); (B): Polyphenols extracted from stems of E. helioscopia against A. hortensis (adult); (C): Polyphenols
extracted from flowers of E. helioscopia against A. hortensis (adult); (D): Saponins extracted from roots of E. helioscopia against

A. hortensis (adult).
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Table 7: Toxicity parameters of polyphenols extracted from leaves, stems, flowers and saponins extracted from roots of
Euphorbia helioscopia against A. hortensis slug

LDso(g/200mI) [IC]  LDeo (g/200ml) [IC] 2 (2

Extact from E. helioscopia organ/animal Slope £ SE (0.05; 1)
=3.84)
Polyphenols from leaves/ T. pisana 4.00+1.33 [11.1%?2738.95] 44[9_']01 6.86
Polyphenols from stems/ T. pisana 2.25+0.74 [1.818?.253?.39] [55'7?3?';985.03] 0.03
Polyphenols from flowers/ T. pisana 1.85+0.54 [15.333;'35%.61] [116.%?'57955.03] 0.12
Saponins from roots/ T. pisana 1(')%24i [08.3%?'1724.63] 16[(2 ']05 0.30

On the other hand, for slugs, the LTsp increased from 1.42
to 1.30, from 1.36 to 0.76, from 2.59 to 1.04, or from 3.99
to 1.27 days, and the LTgg increased from 3.55 to 2.46, from
3.59 to 1.74, from 5.58 to 2.62, or from 7.23 to 3.43 days,
respectively, for polyphenols extracted from leaves, stems,
flowers, and saponins extracted from roots of E. helioscopia
(Table 5).

To assess the toxicity levels of the four tested
extracts on the two cohorts of T. pisana and A. hortensis,
lethal concentrations were calculated. The toxicological
parameters of these extracts are summarized in Tables 6 and
7. The LCsp values ranged from approximately 20.98 to 39.66
ppm, while the LCg values ranged from approximately
115.50 to 374.41 ppm, depending on the plant parts from
which the extracts were obtained. On the other hand, for the
A. hortensis population, the LDsy values ranged from
approximately 12.50 to 57.79 ppm, while the LDgy values
ranged from about 85.48 to 449.01 ppm, depending on the
extracts from different parts of E. helioscopia.Various
extracts from different organs of E. helioscopia, particularly
polyphenols extracted from stems and flowers, demonstrated
potential molluscicidal properties against both T. pisana and
A. hortensis. The toxic effects of these plant parts were found
to be dependent on both the dosage and duration of exposure.
In terms of LDsp values and slope of the dose-response
curves, snails generally exhibited higher tolerance to
polyphenols and saponins compared to slugs (refer to Table 6
and 7). For the two molluscs, when comparing the LDso
values of the four applied extracts (Tables 6 & 7), it is evident
that polyphenols extracted from E. helioscopia stems (12.50
ppm) exhibit the highest toxicity against slugs, followed by
polyphenols extracted from flowers (34.30 ppm), saponins
extracted from roots (36.76 ppm), and polyphenols extracted
from leaves (57.79 ppm). Similarly, for snails, polyphenols
extracted from E. helioscopia stems (15.83 ppm) also
demonstrate the highest toxicity, followed by polyphenols
extracted from flowers (20.98 ppm), polyphenols extracted
from leaves (24.45 ppm), and saponins extracted from roots
(39.66 ppm).

All tested concentrations of E. helioscopia extracts
resulted in significantly higher mortality compared to the
negative control. Therefore, the polyphenols and saponins
studied exhibited acute toxicity against the two targeted
mollusc pests. The molluscicidal properties of various species
of Euphorbiaceae have indeed been extensively investigated,
utilizing different parts of the plants and employing different
extraction processes [4, 43-44]. This study confirms the
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findings reported in our previous study in 2018 [45], which
examined the adult snail population of Theba pisana. Pellets
based on stems of E. helioscopia (LD50 = 1.35 g/100ml) and
leaves (LDsp = 1.39 g/100ml at 2% agar) were found to be
more toxic compared to those based on roots and flowers,
which had no noticeable effects. In the case of A. hortensis
slugs, pellets based on E. helioscopia leaves (LCso = 1.14
0/100 ml at 2% agar) exhibited higher toxicity than those
based on stems (LCso = 1.33 g/100 ml at 2% agar), flowers
(LCso = 1.75 ¢g/100 ml at 2% agar), and roots (LCso = 1.98
0/100 ml at 2% agar). Furthermore, extracts from both E.
helioscopia and E. Schimperiana showed promising results
as molluscicides. The methanol extract of dry leaves from E.
helioscopia demonstrated an LDs of 50.8 ppm and an LDgg
of 68.2 ppm [4]. [46-47] reported higher activity than [4]
using acetone extracts from the same plant.

A study by [3] demonstrated that extracts of
Euphorbia schimperiana and Euphorbia helioscopia exhibit
strong molluscicidal activity against the snail Bulinus wrighti.
Furthermore, [48-49] reported that aqueous extracts of
Euphorbia lactea cristata, E. Royleana, E. Antisyphlitica, and
Jatropha gossypifolia were toxic to snails, specifically
Lymnaea acuminata and Indoplanorbis exustus. Research
conducted by [50] focused on the aqueous extracts of
Euphorbia myrsinites L. (Euphorbiaceae) and their
molluscicidal activity against Biomphalaria glabrata. The
stem and leaf extracts exhibited LDso values of 15.1 and 8.9
ppm, respectively, which fall within the effective
molluscicide limits set by the WHO. There is a wide range of
plants containing compounds that are toxic to both targeted
and non-targeted organisms, often at lower doses than
synthetic pesticides [51, 52, 53, 54, 55, 56, 58, 59, 60, 61].
The advantage of using such products is that they may contain
biodegradable compounds, reducing the likelihood of
environmental contamination. We strongly believe that if
these Euphorbiaceae products were employed as
molluscicides, they would not only effectively control
gastropod pests but also offer the advantages of accessibility,
affordability, rapid biodegradability, and safety. Active
ingredients of biomolluscicides are secondary metabolites
extracted from plants, such as saponins, alkaloids, and
polyphenols including tannins and flavonoids. A study by
[62] reported the presence of a flavonoid called quercetin in
Polygonum senegalense leaves, which exhibited significant
molluscicidal activity at 10 ppm, resulting in 100% mortality
of three snail species (Lymnaea natalensis, Biomphalaria
peifferi, and B. glabrata) within 24 hours. Similarly, the
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compound eupatorine isolated from the Baccharis timera
plant was lethal to Biomphalaria glabrata at 100 ppm.
However, other glycosides derived from Asparagus plumosus
were found to have no harmful effects on snails [53-59].

In Ethiopia, the molluscicidal activity of saponins
was first observed by [63]. It was noted that areas of the river
where these berries were used for washing clothes had
significantly reduced snail populations. Based on this
observation, a five-year pilot snail control program was
initiated in Ethiopia, resulting in a significant reduction in
Schistosoma mansoni infection rates. The compounds
responsible for the molluscicidal activity are triterpenoid
saponins, with LDig values as low as 2 ppm [59-64].
However, a disadvantage of Euphorbia extracts is that they
can be highly toxic to both vertebrates and invertebrates [3].
Nevertheless, further research on natural products derived
from these plants may lead to the discovery of new
compounds that could serve as the basis for future
molluscicides [3].

4. Conclusions

Polyphenols and saponins derived from E.
helioscopia have the potential to serve as environmentally
friendly alternatives to synthetic molluscicides in agriculture.
They have demonstrated toxicity when ingested by two
common terrestrial mollusc pests, T. pisana and A. hortensis.
By incorporating these natural compounds, it is possible to
reduce dependence on synthetic agents, resulting in a decline
in issues such as residue buildup, development of resistance,
and environmental pollution. However, additional research is
required to investigate the mechanisms of action, determine
the most effective application methods, and understand how
various physical factors impact the degradation of these
botanical compounds. It is also critical to identify and
characterize the specific active ingredients present in E.
helioscopia and evaluate their toxicity to the targeted mollusc
pests. While our study has yielded promising preliminary
findings, further investigation is necessary to broaden our
knowledge and facilitate the practical implementation of
these natural molluscicides.
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