Original Research

Journal of Advanced Veterinary Research
(2024) Volume 14, Issue 5, 819-823

Evaluation the effectiveness of Chrysomya marginalis maggots
extract in controlling land snail Theba pisana

Aya A. Mohamed*, Radwa M. Said, Eman E. Zaher

Zoology Department, Faculty of Science, Zagazig University, Zagazig, 44519, Egypt.

ARTICLE INFO

ABSTRACT

Recieved: 24 December 2023
Accepted: 19 January 2024
*Correspondence:

Corresponding author: Aya A. Mohamed
E-mail address: drayaali2021@gmail.com

Keywords:

Chrysomya marginalis
Maggots extract
Theba pisana
Biochemical analysis
Antioxidant activity

Maggots of some blowflies (Diptera: calliphoridae) are typically used in a wide range of medical and forensic
applications. One of these flies is Chrysomya marginalis. This fly has not received attention in research in Egypt.
Accordingly, we start to examine the effect of Chrysomya marginalis maggots extract on the land snails. Nev-
ertheless, the effect of this extract on the environment is still under research. Thus, the present investigation
was performed to determine the median lethal concentration of Chrysomya marginalis maggots extract (96-h
LC,) and to evaluate the effectiveness of maggots extract in controlling land snails Theba pisana by measuring
levels of biochemical, oxidative and antioxidant parameters and the analysis at the molecular level. The results
showed that LC, of maggots extract for T pisana for 96 hrs was 235.5 g/I. 1/2, 1/4 and 1/10 LC, (117.75, 58.875
and 23.55 g/I) values were chosen for sublethal studies for 28 days. The results indicated that aspartate amino
transferase (AST) and alanine transferase (ALT) levels were significantly higher, while total protein (TP), lactate
dehydrogenase (LDH), hexokinase (HK) and pyruvate kinase (PK) levels were significantly lower in maggots
extract-exposed snail compared to the control. Lipid peroxidation (LPO) and nitric oxide (NO) levels were signifi-
cantly higher, while catalase (CAT), superoxide dismutase (SOD), and glutathione (GSH) levels were significantly
lower in maggots extract-exposed snail as opposed to the control group. A significant down-regulation was
noticed in gene expression levels of Cu-Zn SOD in the exposed group. On the other hand, exposure to tested
extract caused significantly up-regulated gene expression levels of HSP 70 compared with the control group. In
conclusion, Chrysomya marginalis maggots extract caused alteration in biochemical, and antioxidant activities

Gene expression

and gene expressed changes.

Introduction

Land snails are regarded as significant pests that seriously harm all
plant parts while attacking a variety of crops. These gastropods prey on
plants during various phases of growth, thereby decreasing their yields
Khidr et al. (2011). In order to determine the best molluscicide for manag-
ing these pests, numerous studies were conducted evaluating a variety of
utilizing pesticides and biocides to combat land snails in both laboratory
and field (Farag, 2012; Ismail et al., 2015). Theba pisana (T. pisana), a white
garden snail belonging to the Helicidae family of gastropods, is an inva-
sive terrestrial snail that has spread throughout numerous Mediterranean
countries (Neubert, 1998; Herbert, 2010). Because of its small size, ability
to live for extended periods of time, and rapid reproduction rates which
can produce up to 3,000 snails on a tree in less than five years T. pisana is
especially dangerous (Cowie, 2009; Deisler et al., 2015).

The first line of defence against land snails is chemical molluscicides,
but because these products are toxic to both aquatic and terrestrial life,
there is a growing interest in finding acceptable biologically ecofriendly
molluscicides. The molluscicidal activity of a fungal isolate (Trichoder-
ma harzianum) against the land snail, Monacha cartusiana, was tested
(Ahmed et al., 2023) as a natural and environmentally safe substitute for
synthetic chemicals.

Biological insecticides, which include bacteria, fungi, viruses, and
non-target insects, are real living things or the toxins they produce (Geasa
et al, 2013). Metarhizium anisopliae is a naturally existing entomopatho-
genic fungus serves as the basis for the biological insecticide biomagic.
One of the best fungi to combat the two land snails, Eobania vermiculata
and M. cartusiana, are fungus isolates of M. anisopliae (Gabalah, 2013).
The native M. anisopliae fungal isolates at Kafr Elsheikh Governorate were

compared to methomyl insecticide in terms of their ability to suppress
Monacha spp. In the biological mechanisms of land snails, transaminase
enzymes, acetylcholine esterases, total proteins, and total lipids are im-
portant (Abd-El-Aal, 2004). In the past few decades, biological control of
land snails through the use of pesticides derived from bacteria and fungi
has garnered significant attention globally (Genena and Mostafa, 2008).
Beauveria bassiana (Balsamo), one of the entomopathogenic fungi used
in control methods, has been viewed as a promising substitute for chem-
icals (Chandler et al., 2001). A commercial fungal insecticide called Biozed
(2.5%x10* spores/ml WP) was isolated from Trichoderma album (Verma
et al, 2007). Conversely, El-Sabbagh et al. (2013) reported that Bacillus
thuringiensis is the source of the bacterial result of Biogard (6.5% WP),
which has insecticidal effects.

Various insect families, including the Diptera (Scomyzidae and Sar-
cophagidae) and the Coleoptera (Carabidae, Lampyridae, and Staphylin-
idae) families, were thought to possess the ability to biologically reg-
ulate aquatic, semi-aquatic, and terrestrial gastropods. The vinegar fly
Drosophila melanogaster (Diptera: Drosophilidae) is a natural enemy of
land snails, according to Mohamed and Ali (2013) report, which focused
on the family Drosophilidae of the order Diptera and its potential use as
a biocontrol agent of land snails. This role was unintentionally discov-
ered when a land snail culture (Eremina irrigularis) became contaminated
by this fly. Many arthropod pests, such as Rhipicephalus microplus, Deois
flavopicta, Mahanarva fimbriolata, and Cornitermes cumulans, have been
effectively managed with entomopathogenic agents (Pereira, 2008; Fer-
nandes and Bittencourt, 2008; Loureiro, 2012). The present study aimed
to control the snail T pisana using maggots extract as a natural and alter-
native solution instead of using harmful chemical molluscicides.
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Materials and methods
Collection of Maggots

Third instar larvae (maggots) of Chrysomya marginalis used in this
study were raised under controlled sterile conditions. Eggs were collected
from adult cages previously reared at Entomology laboratory, Zoology
Department, Faculty of Science, Zagazig University, Egypt. The collected
eggs were washed three times by ethanol followed by distilled water and
then transferred to a fresh beef meat till hatching. Hatched larvae were
examined daily and upon forming the third instars, they were collected,
washed successfully with ethanol and distilled water three times and then
dried with filter papers.

Preparation of crude maggots extract

All Dried maggots were transferred to a sterile jar and then each 100
maggots (0.6g/maggot) were homogenized with 10 ml of phosphate
buffer saline (PBS) solutions in sterile porcelain mortars. After complete
homogenization, the homogenates were centrifuged at 12000 rpm for 20
min. at 4°C. The supernatants (crude extracts) were filtrated using sterile
micro syringe filters (0.22 uym pore of the membrane) and then trans-
ferred to new clean sterile tubes which were frozen at — 80°C. After freez-
ing, the extracts were kept in a deep freezer at -20°C for further study.

Snail’s collection and acclimatization

Adult T. pisana snails were collected by hand from gardens in Abees
area, few kilometers south of Alexandria, Egypt, during May 2023. The
gathered snails (13£0.5 mm shell length, and 1.2+0.14 g weight) were
transferred to the laboratory and kept in plastic boxes (40x30x30 cm, with
10 cm height of moistened soil and covered with a nylon-mesh covering).
At 27-30°C and 63-65% humidity, the snails under test were kept in their
enclosure. For a week, they were fed only fresh lettuce leaves every day.

Baits preparation and experimental design

Bait technique was made in accordance with Ebenso (2004) method.
The baits were made by mixing 5% molasses, 80% wheat-bran, little of
water and tested concentrations of Chrysomya marginalis maggots ex-
tracts (100, 200, 400 and 600 g/I). Five g of the bait sample was put on
plastic sheet on the surface of the soil in each box. Ten snails of adult T.
pisana were divided into three replicates and exposed to the tested con-
centrations of the maggot extracts. Parallel to this, thirty snails in three
boxes were used as control group. When an animal was probed with a
dissecting needle and did not respond to tactile stimuli, it was deemed
dead (WHO, 1963). Death was counted every 24 h and dead snails were
removed. Mortality percentages at each precise day were calculated. LC,
values for maggot extract were calculated by using probit analysis based
on Finney (1971).

Biochemical biomarkers

After being exposed to snails for 28 days, 0.5g of the control group’s
digestive gland and 1/2, 1/4, and 1/10 LC,, of maggot extract were re-
moved and homogenized in 10 mL of ice-cold 0.05M phosphate buffer
saline. The supernatants were stored at -80 °C after the homogenates
were centrifuged at 6000 rpm and 4 °C. Total proteins (TP) were estimat-
ed according to the Biuret method (Gornall et al., 1949). Aspartate ami-
notransferase (AST) and Alanine aminotransferase (ALT) were estimated
according to Breuer (1996) method. Lactate dehydrogenase (LDH) was
measured according to Cabaud and Worblewski (1958). Hexokinase (HK)
was assessed according to Uyeda and Racker (1965). Pyruvate kinase (PK)
was estimated according to McManus and James (1975).

Oxidative and antioxidant biomarkers

Digestive gland homogenates were used to determine lipid peroxi-
dation (LPO) according to Ohkawa et al. (1979) method. Nitric oxide (NO)
was measured as stated by Green et al. (1982). Catalase (CAT) was assayed
as stated by Aebi (1984). Superoxide dismutase (SOD) was estimated ac-
cording to Nishikimi et al. (1972). Glutathione (GSH) was assessed accord-
ing to Ellman (1959).

Molecular analysis
RNA extraction

Using the QlAamp RNeasy Mini kit (Qiagen, Germany, GmbH), 200
pl of the sample were added to 600 pl of RLT buffer containing 10 pl
B-mercaptoethanol per 1 ml, and the mixture was then incubated for 10
minutes at room temperature. The cleared lysate was mixed with one
volume of 70% ethanol, and the Purification of Total RNA protocol of the
QlAamp RNeasy Mini kit (Qiagen, Germany, GmbH) was followed.

Oligonucleotide Primers

The primers utilized, which are mentioned in Table 1, were provided
by Metabion (Germany).

SYBR green rt-PCR

The primers were used in a 20-pl reaction that included 3 pl of water,
5 pl of RNA template, 10 pl of the 2x HERA SYBR® Green RT-gPCR Mas-
ter Mix (Willowfort, UK), 1 pl of RT Enzyme Mix (20X), and 0.5 pl of each
primer at a concentration of 20 pmol. A step one real-time PCR machine
was used to carry out the reaction.

Analysis of the SYBR green rt-PCR

The step one software produced amplification curves and ct values.
The CT of each sample was compared with that of the positive control
group using the ratio 2-DDct, in accordance with the "AACt" method de-
scribed by Yuan et al. (2006), in order to estimate the variation of gene

Table 1. Primers sequences, target genes, amplicon sizes and cycling conditions for SYBR green rt-PCR.

Reverse

Amplification (40 cycles)

Primary

Target gene Primers sequences transcription denaturation Secondag Anngaling Extension Reference
denaturation  (Optics on)

B- actin (F) 5" TCACCATTGGCAACGAGCGAT 3’ Liu et al. (2018)

B- actin (R) 5" TCTCGTGAATACCAGCCGACT 3’ '

HSP70 (F) 5" CGAAACGATACGACTACCTAGCAGA 3’ 65°C 95°C 95°C 60°C 72°C Liu et al. (2018)

HSP70 (R) 5" AGGAAGGTAAGAACCGAGCAAT 3° 60 min. 15 min. 15 sec. 1 min. 30 sec. ’

Cu-Zn SOD (F) 5° TAGTTGCCAATGCTGACGGT 3’
Cu-Zn SOD (R) 5° GGACCACAACACTACGACCA 3’

Turki et al. (2022)
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expression on the RNA of the different samples.
Statistical analysis

Statistical analysis was done using SPSS version 20 (SPSS, Richmond,
VA, USA). To compare significant differences between treatments at P <
0.05, all data were calculated as mean + SE and analyzed using One-way
ANOVA, followed by Duncan’s multiple range tests as a post-hoc test.

Results
Toxicity test

Table 2 reveals that the highest mortality rate occurred at Chrysomya
marginalis maggots extract concentration of 600 g/I; however, the lowest
mortality percentage occurred at Chrysomya marginalis maggots extract
concentration of 100 g/I for T. pisana. It was found that, the mortality per-
centages increased as the concentrations of Chrysomya marginalis mag-
gots extract and the time of exposure increased. Table 3 reveals that, LC,
of Chrysomya marginalis maggots extract for T pisana was 235.5 g/ 1. On
the other hand, 1/2, 1/4 and 1/10 LC,, of Chrysomya marginalis maggots
extract was 117.75, 58.875 and 23.55 g/ |, respectively for the tested snail.

Table 2. Effect of various concentrations of Chrysomya marginalis maggots
extract on mortality percentages of 7. pisana at different exposure periods.

Time Percentage of mortality (%)
Cone. (/1) 24 h 48 h 72h 96 h
Control 0.00+0.00 0.00+0.00 0.00+0.00 0.00+0.00
100 20.00+£0.00  26.67+£3.30  26.67+3.30  30.00+0.00
200 36.67+3.30  36.67+3.30  40.00+0.00  40.00+0.00
400 46.67£3.30  50.00+£0.00  53.33+3.3  56.76+6.70
600 63.33+3.30  76.67+3.3 93.33+3.3  100.00+0.00

Data are represented as means of Mean £SE.

Effect of 1/2, 1/4 and 1/10 LC,, of Chrysomya marginalis maggots extract
on biochemical parameters of T. pisana for 28 days

After 28 days of exposure, AST, and ALT levels in T pisana exposed to
1/2,1/4 and 1/10 LC, of Chrysomya marginalis maggots extract were sig-
nificantly increased (P < 0.05) compared with the control group. Whereas,
levels of TP, LDH, HK and PK were significantly decreased (P < 0.05) com-
pared with the control group (Table 4).

Effect of 1/2, 1/4 and 1/10 LC,, of Chrysomya marginalis maggots extract
on Oxidative and antioxidant biomarkers of T. pisana for 28 days

After 28 days of exposure, LPO and NO levels in T pisana exposed
to 1/2, 1/4 and 1/10 LC,, of Chrysomya marginalis maggots extract were
significantly increased (P<0.05) compared with the control groups.

Table 3. Lethal toxicity values and sublethal concentrations of Chrysomya mar-
ginalis maggots extract against 7. pisana under laboratory conditions.

Chrysomya marginalis

;l:ge/sl;ed concentration Exposure periods maggots Ex'tract
concentrations

LC,, 96 h 235.5

12LC,, 28 days 117.75

1/4LC,, 28 days 58.88

1/10 LC,, 28 days 23.55

Whereas, levels of CAT, SOD and GSH were significantly decreased (P <
0.05) compared with the control group (Table 5).

Effect of sublethal concentrations (1/2, 1/4 and 1/10 LC,) of Chrysomya
marginalis maggots extract on Cu-Zn SOD and HSP70 mRNA expression
by real time-PCR for 28 days.

Data in Fig. 1 showed that a significant down-regulation (P<0.05) was
noticed in gene expression levels of Cu-Zn SOD in the exposed group
to 1/2 and 1/4 LC,, of Chrysomya marginalis maggots extract compared
with the control group. On the other hand, exposure to 1/2 and 1/4 LC,;
of Chrysomya marginalis maggots extract caused significantly up-regu-
lated (P<0.05) gene expression levels of HSP 70 in contrast to the group
under control.
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Fig. 1. Effect of sublethal concentrations (1/2, 1/4 and 1/10 LC,)) of Chrysomya marginalis
maggots extract for 28 days on Cu-Zn SOD and HSP70 mRNA. Results are expressed as
means + SE (n=3) and standardized to f-actin and represented as fold change (log2 scale),
compared to mRNA levels in control. **: significant change at P<0.05 compared to control
group

Discussion

Molluscicidal agents of biological origin is required to avoid the dis-
advantages of using chemical molluscicides (Amina et al., 2022). Observ-
ing the definition offered by Eilenberg et al. (2001), we have adopted the
following definition of biological control, which has undergone numerous
definitions in recent years: “The application of living things to reduce a
pest organism’s population density or impact, making it less prevalent
or harmful than it otherwise would be.” T pisana snails were used as the
target pest in this study in order to evaluate the harmful effects of the
extract from Chrysomya marginalis maggots.

According to Asran (2001); Abd El Rahman and Al Akra (2012);
Mwonga et al. (2015); Farag (2017); Prabhakaran et al. (2017) and Abd
El-Atti et al. (2020), and numerous toxicological studies have been con-
ducted in both

Table 4. Biochemical parameters of 7. pisana exposed to 1/2, 1/4 and 1/10 LC, of Chrysomya marginalis maggots extract for 28 days.

Tested conc. TP AST ALT LDH HK PK
(mg/g) (Ulg) Ulg) (Umg) (U/mg) (U/mg)

Control 23.5+1.3 28.242.4% 102.2+11.7* 64.5+3.0 24.3+0.9° 0.91+0.1°
12LC,, 13.420.8° 65.84+3.75¢ 167.1£10.8° 18.02£0.22° 13.45£2.3° 0.045+0.04*
1/41C,, 17.2+1.4° 59.5+4.5b 134.245.7° 40.7+3.8 17.1£0.25° 0.29+0.02°
1/10 LC,, 19.120.9* 42.243.5% 110.6+10.1° 53.241.95% 19.7£1.1% 0.42:£0.08®
F-value 13.9 19.2 8.8 58.13 117 8.35
P-value 0.01 0.01 0.03 0.00 0.02 0.03

Values are represented as means of three samples + SE ; Means with dissimilar alphabetical superscripts at each column are significantly different at P < 0.05. TP: Total protein; AST:
Aspartate amino transferase; ALT: Alanine amino transferase; LDH: Lactate dehydrogenase; HK: Hexokinase; PK: Pyruvate kinase.
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Table 5. Oxidative and antioxidant biomarkers of 7. pisana exposed to 1/2, 1/4
and 1/10 LC, of Chrysomya marginalis maggots extract for 28 days.

Tested cone. PO NO CAT SOD GSH
(umol/g)  (umol/g) (Ulg) (Ulg) (nmol/g)
Control 42.542.99° 39.2+4.05 12.3+0.4% 582+6.9° 52.7+3.15°
12LC,,  146.9+3.67° 87.45+6.2° 7.120.7*  27.8£2.8" 24.4+0.91°
1/4LC,, 133.5+4.5° 54.1+3.9°  82+0.05 36.5+2.5%  30.8+2.4°
I/I0LC,,  71.5245.7° 415425 10.0240.9% 47.5+3.1 49.5+1.5"
F-value 131.5 25.8 6.8 102 40.6
P-value 0.00 0.00 0.04 0.02 0.00

Values are represented as means of three samples + SE -Means with dissimilar alphabetical
superscripts at each column are significantly different at P < 0.05. LPO: Lipid peroxidation;
NO: Nitric oxide; CAT: Catalase; SOD: superoxide dismutase; GSH: Glutathione.

laboratory and field settings to assess the molluscicidal efficacy of chem-
ical pesticides, plant extracts, and biopesticides against harmful land
snails. Because of their environmentally friendly qualities, biopesticides
are being created and used against a wider range of agricultural pests.
The findings showed that as the concentrations of Chrysomya margina-
lis maggot's extract and the exposure duration increased, the mortality
percentages increased. The acute toxicity data from the current study
clearly demonstrated that the extract from maggots is lethal to T. pisana
snails. This is agreed with the results of Ali et al. (2017), who discovered
mortality rates in the land snails Eobania vermiculata and Succinea putris
four weeks after Trichoderma album treatment. Comparably, Abd El-Atti
et al. (2020) found that at high concentrations, the fungus biozed exhib-
its molluscicidal activity against Monacha cartusiana, resulting in 66.6%
mortality.

For T. pisana, the lowest death percentage was observed at a concen-
tration of 100g/I for the Chrysomya marginalis maggots extract, while the
maximum mortality rate was observed at 600 g/I. T. pisana’s LC, for the
extract of Chrysomya marginali’'s maggots was 235.5 g/I. Conversely, for
T. pisana, the 1/2, 1/4, and 1/10 LC,  of the Chrysomya marginalis maggot
extract were 117.75, 58.875 and 23.55 g/I, respectively. This is consistent
with Amina et al. (2022) findings that at LC,, of 222.4 mg/I, chitosan ex-
hibited molluscicidal action against E. vermiculata snails after a 24-hour
exposure. In a similar vein, Khidr (2019) confirmed that nano-chitosan
and chitosan have molluscicidal effects on the land snails Monacha ob-
structa and E. vermiculata. Likewise, Kandil et al. (2020) discovered that,
with an LC,; of 68.8 g/l against E. vermiculata snails.

Our observations demonstrated that ALT and AST activities rose con-
siderably at sub-lethal concentrations of 1/2, 1/4, and 1/10 LC,; of mag-
got's extract when compared to the equivalent control at all experimental
exposure periods (24, 48, and 72 hours). This is in line with research by
Kammon et al. (2010), which demonstrated that damage to the digestive
gland and insecticide-induced cell necrosis may be the reason of the rise
in ALT and AST activity and the release of enzymes from the cells. On the
other hand, our observations concur with El-Gohary and Genena (2011)
that, when exposed to three different tested molluscicides, the activity
of AST and ALT significantly increased in M. cantiana and E. vermiculta.
However, our findings disagree with El-Gohary and Genena’s assertion
that, in E. vermiculata, ALT significantly decreased.

Also, the study's findings demonstrated that the snail exposed to
three sublethal concentrations of maggot extract had a significantly low-
er level of total protein than the control group. According to El-Shenawy
et al. (2012), E. vermiculata snails collected from two polluted areas had
lower TP levels in their digestive glands than snails collected from unpol-
luted areas. The disparity between the rate of total protein synthesis and
degradation in bodily tissues may be the cause of the drop in TP levels.
El-Gohary and Genena (2011) concur with our findings that three distinct
molluscicide treatments resulted in a decrease in the amount of TP in M.
cantiana, but disagree with our findings when applying the same three
molluscicides to E. vermiculata. There was a noticeable increase in TP.
According to Shahawy (2018), land snails H. vestalis and T. pisana’s tissues
had lower levels of TP following their exposure to the pesticides Agrinate
and Bio magic. Additionally, El-Khayat et al. (2018) took into account our
findings, confirming that Biomphalaria alexandrina snails exhibit higher
TP in more polluted ecosystems than their counterparts in environments
with high water quality.

Determining the activity of lipoprotein digestase (LDH), an enzyme
found in all organs and tissues, is one method of evaluating the integrity
of cell membranes Kending and Tarloff (2007). In the current investiga-
tion, T. pisana exposed to 1/2, 1/4, and 1/10 LC, of Chrysomya marginalis
maggots extract showed significantly lower LDH levels after 28 days of
exposure when compared to the control group. Our findings contradict
the theory that abamectin (ABM) at sub-lethal doses significantly in-

creased the activity of LDH in the treated T. pisana, suggesting that ABM
can alter the permeability of cell membranes and ultimately cause cell
death (Amin and Hamza, 2005; Radwan and Gad, 2022). In line with Mo-
hamed (2011) findings, which demonstrated a significant decline in LDH,
hexokinase (HK), and pyru-vatekinase (PK) activity in the whole tissue ex-
tract of Biomphalaria alexandrina in response to pesticide treatment, the
levels of TP, LDH, HK, and PK were significantly lower in the current study
when compared to the control group.

It is believed that oxidative stress results from an inequity in the ratio
of biological oxidants to antioxidants. Nucleic acids, proteins, carbs, and
lipids can all be harmed by oxidative stress. The abnormal production of
ROS is typically a crucial sign of oxidative damage and can cause seri-
ous damage to the structure of cells (El-Demerdash, 2007). The current
study found that treatment with the concentrations of maggots extract
significantly reduced the levels of the tested antioxidant enzymes (CAT,
SOD, and GSH). According to Radwan et al. (2010), the activation of an
antioxidant a preventative measure the accumulation of reactive oxygen
species (ROS) can explain the significant induction of CAT and SOD activi-
ties observed in this study. In contrast, Khene et al. (2017) discovered that
the Helix aspersa snail's CAT activity significantly increased following its
exposure to TiO, nanoparticles. Additionally, it was reported by Ugokwe
et al. (2020) and Abd El-Atti et al. (2023) that the actions of SOD, GSH
and CAT in the digestive gland of land snails had significantly increased.

The complex process known as lipid peroxidation (LPO) changes
polyunsaturated fatty acids in biological membranes through a series
of chain reactions to generate lipid hydroperoxides, which break down
unsaturated fatty acid double bonds and disturb membrane lipid (Gut-
teridge, 1995). The gastrointestinal tract of T. pisana snails in the current
study had noticeably higher levels of LPO.

An essential component of innate immune responses is Nitric ox-
ide (NO). Haemocytes in molluscs produce NO (Bernice et al., 2006). The
highly reactive chemical NO is produced by the cells of mammals, in-
vertebrates, and plants. The current study revealed a highly significant
increase in NO activity. Nevertheless, compared to their corresponding
control (Fayez et al.,, 2016), there was a decrease in the activity of the NO
in the hemolymph of B. alexandrina snails following acute and long-term
treatment with Cu,ONPs.

This snail is a bioindicator of toxicity species, but it is poorly under-
stood at the molecular level. A well-known class of proteins known as
HSPs can be activated by a variety of environmental stressors. Numer-
ous organisms have been studied pertaining to the various families of
HSPs. Sequences encoding for heat shock proteins (Hsp70, Hsp17.2, and
Hsp19.8), superoxide dismutase (SOD Cu/Zn, Mn-SOD), and glyceral-
dehyde-3-phosphate dehydrogenase (GAPDH) (Turki, 2022). While the
stress response revealed a weak response to hsp70 at the highest con-
centration tested in the digestive gland, oxidative stress induction was
not observed. But the majority of organisms have the HSP gene hsp70,
which all prokaryotes and eukaryotes share a high degree of conservation
that have been studied to date (Huang et al., 2008). Several insects have
been shown to exhibit up-regulation of hsp70 mRNA levels in response
to cold and heat shock, density, starvation, and diapause (Sinclair et al.,
2007). The current investigation found that, in comparison to the control
group, exposure to 1/2 and 1/4 LC,; of Chrysomya marginalis maggots
extract resulted in significantly higher levels of HSP 70 gene expression.

In current study, comparing the exposed group to the group under
control, a significant down-regulation (P<0.05) in the gene expression
levels of Cu-Zn SOD was observed at 1/2 and 1/4 LC,, of Chrysomya mar-
ginalis maggot's extract. This disagree with Rossbach et al. (2020) who
reported that Silver nanoparticles Ag-NPs have been shown to initiate the
transcriptional activity of sod-1 (also called Cu-Zn SOD) in Caenorhabdi-
tis elegans, and to upregulate Sod2 (also called Mn-SOD) in Drosophila
melanogaster, which also has an impact on hemocytes. Nair et al. (2013)
reported that Ag-NPs induce both SOD genes in the marine larvae of
Chironomus riparius. Our results demonstrate that snails T. pisana treated
with extract from Chrysomya marginalis maggots developed antioxidant
defense system. The biochemical analysis of this common snail can yield
results that are helpful in determining how best to use antioxidant re-
sponses as biomarkers to track the effects of maggot extract.

Conclusion

Chrysomya marginalis maggots extract inspire relatively high toxic
effects against land snail T pisana. The tested extract resulted in vari-
ous biochemical, antioxidant and gene expression disorders within ex-
posed snails. The tested extract demonstrated toxic effects on T. pisana.
Using this natural product instead of dangerous chemical mollucicides
is thought to be an alternate and successful method of controlling land
snails.

822



A.A. Mohamed et al. /Journal of Advanced Veterinary Research (2024) Volume 14, Issue 5, 819-823

Conflict of interest

The authors declare no competing interests.

References

Abd EI-Atti, AS., Khalil, AM., Elsheakh, A.AA,, Elgohary, W.S., 2020. Biological control of Monacha
cartusiana "glassy clover land snails” by microbial biopesticides Biozed and Biogard, using
bait technique. Biocatal. Agricul. Biotechnol. 25, 101572.

Abd El-Atti, M., Desouky, A., Ali, A,, Elsheakh, A., Elgohary, W.S., 2023. Control of Theba pisana land
snails using pharmaceutical monohormonal contraceptive drug at Sharkia Governorate. Bull.
Fac. Sci. 2023, 77-86.

Abd-El-Aal, S.M., 2004. Toxicity and biochemical response of Eobania vermiculata land snails to
niclosamide molluscicide under laboratory and field conditions. J. Agric. Sci., Mansoura Univ.
29, 4751-4756.

Abd El Rahman, A.H.E., Al Akra, TM.M., 2012. Integrated control using different methods against
two land snail species Theba pisana (Muller) and Helicella vestalis (Pfeiffer) infesting Citrus
nobilis trees at Sharkia Governorate. J. Plant Prot. Pathol. 3, 571-581.

Aebi, H., 1984. Catalase in vitro. Methods Enzymol. 105, 121-126.

Ahmed, H.Y., Al-Quraishy, S., Hassan, A.O., Abdel-Baki, A.A.S., Abdel-Tawab, H., 2023. Biocontrol
potential of Trichoderma harzianum against the land snail Monacha cartusiana: Lab and field
trails. Int. J. Agricul. Biol. 30, 79-89.

Ali, M.A,, Al-Ghnam, H.A,, Atta, D., 2017. Efficiency of certain bio-agents as biological control
against two land snail species, Eobania vermiculata (Miller) and Succinea putris (Linnaeus)
under laboratory conditions. J. Plant Prot. Pathol. 8, 265-269.

Amin, A, Hamza, A.A,, 2005. Oxidative stress mediates drug-induced hepatotoxicity in rats: a pos-
sible role of DNA fragmentation. Toxicology 208, 367-375.

Amina M.I, Mostafa, Y.M., Salwa, A.H.H., Mona, F.F,, 2022. Biocontrol potential of Chitosan ex-
tracted from Procambarus clarkii (Crustacea: Cambaridae) against Eobania vermiculata snails
(Muller 1774) in Egypt. Egypt. J. Biol. Pest Control 32, 32.

Asran, F.D., 2001. Evaluation and Implementation of Novel and Environmentally Safe Approaches
in IPM. Program for Terrestrial Snails Ph. D. Thesis, Institute of Environ. Studies and Res. Ain
shams Univ., Egypt, p. 199.

Bernice, W.H., Audrey, L., Angela, J.D., Anthony, J.W., 2006. Regulation of nitric oxide production
in snail (Lymnaea stagnalis) defence cells: a role for PKC and ERK signalling pathways, Biol.
Cell 98, 265-278.

Breuer, J.,, 1996. Report on the symposium “drug effect in clinical chemistry methods”. Eur. J. Clin.
Chem. Clin. Biochem. 34, 385-386.

Cabaud, P., Wroblewski, F., 1958. Colorimetric measurement of lactic dehydrogenase activity of
body fluids. Amer. J. Clin. Pathol. 30, 234.

Chandler, D., Sunderland, K.D., Ball, B.V., Davidson, G., 2001. Prospective biological control agents
for Varroa destructor, an important pest of the European honey bee, Apis mellifera. Biocon-
trol Sci. Technol. 11, 429-448.

Cowie, R, 2009. Theba pisana (white garden snail). CABI Invasive Species Compendium.

Deisler, J.E,, Stange, LA, Fasulo. T.R, 2015. White Garden Snail, Theba pisana (Miiller) (Gastropo-
da:Helicidae). Univ. Florida/IFAS Extension Publ. EENY-197.

Ebenso, I. E,, 2004. Molluscicidal effects of neem extracts on edible tropical land snails. Pest man-
agement Sci. 60, 178-182.

Eilenberg, J., Hajek, A, Lomer, C., 2001. Suggestions for unifying the terminology in biological
control. BioControl 46, 387-400.

El-Gohary, LRA, Genena, MAA M., 2011. Biochemical effect of three molluscicides baits against
the two land snails, Monacha cantiana and Eobania vermiculata (Gastropoda: Helicidae). Int.
J. Agric. Res. 6, 682-690.

El-Sabbagh, S.M., Adayel, S.A,, Elmasry, S.A., Alazazy, H.M., 2013. Biological control of some spe-
cies of land snails infesting citrus trees. N.Y. Sci.J 6, 5-12.

El-Demerdash, F.M., 2007. Lambda-cyhalothrininduced changes in oxidative stress biomarkers in
rabbit erythrocytes and alleviation effect of some antioxidant. Toxicol. in Vitro 21, 392-397.

El-Khayat, H.M.M., Abd-Elkawy, S., Abou-Ouf, N.A,, Ahmed, M.A,, Mohammed, W.A,, 2018. Bio-
chemical and histological assessment of some heavy metals on Biomphalaria alexandrina
snails and oreochromis niloticus fish in Lake Burullus, Egypt. Egypt. J. Aquatic Biol. Fisheries
22,159-182.

Ellman, G.L., 1959. Tissue sulfhydryl groups. Arch. Biochem. Biophys. 82, 70-77.

El-Shenawy, N.S., Mohammadden, A, Al-Fahmie, Z.H., 2012. Using the enzymatic and non-en-
zymatic antioxidant defense system of the land snail Eobania vermiculata as biomarkers of
terrestrial heavy metal pollution. Ecotoxicol. Environ. Saf. 84, 347-354.

Farag, M.F.G., 2012. Efficacy of some natural products and pesticides on controlling of the glassy
clover snail, Monacha cartusiana (Muller) and brown garden snail, Eobania vermiculata
(Muller) at Sharkia Governorate. Ph.D thesis, Fac. Agric., Tanat Univ., p. 210

Farag, M.F.N.G., 2017. Efficacy of some Plant seeds against the glassy clover snail, Monacha cartu-
siana (Mdiller). J. Plant Prot. Pathol. 8, 591-597.

Fayez, M. S., Khaled, M. Z,, Ahmed, M.A,, Ahmed, T. S., Fikry, M.A,, 2016. Immunological Effect of
Cu20 Nanoparticles on Biomphalaria alexandrina Snail the Intermediate Host of Schistoso-
ma mansoni in Egypt. Curr. Sci. Inter. 77, 4435.

Fernandes, E.K.K,, Bittencourt, V.R.E.P., 2008. Entomopathogenic fungi against South American tick
species. Exper. Appl. Acarolog. 46, 71-93.

Finney, D.J., 1971. Estimation of the median effective dose. In: Probit Analysis. 3 ed. Great Britain:
Cambridge University. pp. 20-49.

Gabalah, H.S.G., 2013. Efficiency of some biological and chemical compounds and their combina-
tions for control some land snails. Ph. D Thesis, Fac.Science, Banha Univ. p. 282

Geasa, N.S,, Heiba, F.N., Mortada M.M., Mosbah, 1.S., 2013. Molluscicidal activity of certain biolog-
ical insecticides against land snails Eobania vermiculata and Succinea oblonga in laboratory
and field conditions. Egypt. J. Zool. 60, 179-188.

Genena, M.AAM.,, Fatma, AM.M., 2008. Impact of eight bacterial isolaes of Bacillus thuringiensis

against the two land snails Monacha cantiana and Eobania vermiculata (Gastropoda: Helici-
dae). Int. J. Agric. Res. 6, 682-690.

Gornall, A.G., Bardawill, C.J,, David, M.M., 1949. Determination of serum proteins by means of the
biuret reagent. J. Biol. Chem. 177, 751-66.

Green, L.C,, Wagner, D.A,, Glogowski, J., Skipper, P.L,, Wishnok, J.S., Tannenbaum, S.R,, 1982. Anal-
ysis of nitrate, nitrite, and [15N] nitrate in biological fluids. Anal. Biochem. 126, 131-138.

Gutteridge, J.M., 1995. Lipid peroxidation and antioxidants as biomarkers of tissue damage. Clin.
Chem. 41, 819-28.

Herbert, D.G., 2010. The introduced terrestrial mollusca of South Africa. SANBI Biodiversity Series
15. South African National Biodiversity Institute, Pretoria, p. 108.

Huang, LH., Wang, H.S, Kang, L., 2008. Different evolutionary lineages of large and small heat
shock proteins in eukaryotes. Cell Res. 18, 1074-1076.

Ismail, S.A.A., Shetaia, S.Z.S., Khattab, M.M., 2015. Time of application as main factor affecting the
efficacy of certain pesticides against land snails Monacha cartusiana (Miiller) under field
conditions at Sharkia Governorate. J. Plant Prot. Pathol. 6, 853-858.

Kammon, A.M., Biar, R.S., Banga, H.S., Sodhi, S., 2010. Patho-biochemical studies on hepatotoxicity
and nephrotoxicity on exposure to chlorpyrifos and imidacloprid in layer chickens. Veteri-
narski Arhiv 80, 663-672.

Kandil, M.A,, Eweis, E.A,, Mobarak, S.A.,Nada Abbas, M.T., 2020. Effects of chitosan and emamectin
benzoate on the reproductive system of Fobania vermiculata (Muller) land snails. J. Biol. Pest
Control 30, 21.

Kending, D.M,, Tarloff, J.B., 2007. Inactivation of lactate dehydrogenase by several chemicals: Im-
plications for in vitro toxicology studies. Toxicol. In Vitro 21, 125-132.

Khene, L., Berrebbah, H., Yahyaoui, A., Bouarroudj, T., Zouainia, S., Kahli, H. Bourayou, C., 2017.
Biomarkers of oxidative stress, lipid peroxidation and ROS production induced by TiO2 mi-
croparticles on snails Helix aspersa. Studia Universitatis” Vasile Goldis” Arad. Seria Stiintele
Vietii (Life Sciences Series) 27, 127-133.

Khidr, EK. 2019. Efficiency of acetic acid and methomyl on terrestrial snails Fobania vermiculata
(Miller) and Monacha obstructa (ferossac) under laboratoryand field condition. Al-Azhar Bull.
Sci. 30, 1-7.

Khidr, F.K.,, Abo-Hashem, A.AM., Keshta, T.M.S., Ismail, M.A., 2011. Some of biochemical changes
induced by theophylline and furosemide in the land snail, Monacha obstructa. J. Plant Prot.
Pathol. 2, 429-437.

Liu, G, Yang, Q, Lin, H., Yu X,, 2018. Differential gene expression in Pomacea canaliculata (Mollus-
ca: Gastropoda) under low temperature condition. J. Molluscan Stud. 84, 397-403.

Loureiro, E.S., 2012. Efciéncia de isolados de Metarhiziumanisopliae (Metsch.) Sorok. no controle
da cigarrinha-da-raiz da cana-de-aclcar, Mahanarva fmbriolata (stal, 1854) (Hemiptera: Cer-
copidae), em condi¢des de campo. Arquivosdo Instituto Bioldgico 79, p.47-53.

McManus, D.P., James, B.L., 1975. Anaerobic glucose metabolism in the digestive gland of Litto-
rina saxatitis rudis (Maton) and the daughter sporocysts Microphallus similis (Tag). Compar.
Biochem. Physiol. 51B, 293-297.

Mohamed, R, 2011. Impact profenophos (pesticide) on infectivity of Biomphalaria alexandrina
snails with schistosoma mansoni miracidia and on their physiological parameters. Open J.

Ecol. 1,41-47.
Mohamed, M., Ali, R.F., 2013. Drosophila as a New Biocontrol Agent Against Land Snails. Anim.
Biol. J. 4, 3.

Mwonga, K.B., Waniki, N.E., Dorcas, Y.S., Piero, N.M., 2015. Molluscicidal effects of aqueous extracts
of selected medicinal plants from Makueni County, Kenya. Pharm. Anal. Acta 6, 231-235.

Nair, P.M.G,, Park, S.Y., Choi, J., 2013. Evaluation of the effect of silver nanoparticles and silver ions
using stress responsive gene expression in Chironomus riparius. Chemosphere 92, 592-599.

Neubert, E, 1998. Annotated checklist of the terrestrial and freshwater molluscs of the Arabian
Peninsula with descriptions of new species. Faun. Arab 17, 333-461.

Nishikimi, M., Appaji, N., Yagi, K, 1972. The occurrence of superoxide anion in the reaction of
reduced phenazine methosulfate and molecular oxygen. Biochem. Biophys. Res. Commun.
46, 849-854.

Ohkawa, H., Ohishi, N., Yagi, K., 1979. Assay for lipid peroxides in animal tissues by thiobarbituric
acid reaction. Anal. Biochem. 95, 351-358.

Pereira, M.F.A.,, 2008. Efciéncia de Metarhizium anisopliae (Metsch) Sorokin no controle de Deois
Flavopicta (Stal.,, 1854), empastagem de capim-braquiaria (Brachiaria Decumbens). Arquiv-
osdo Instituto Bioldgico 75, 465-469.

Prabhakaran, G., Bhore, S.J., Ravichandran, M., 2017. Development and evaluation of poly herbal
molluscicidal extracts for control of apple snail (Pomacea maculata). Agriculture 7, 1-11.

Radwan, M., Gad, A.F.,, 2022. Insights into the ecotoxicological perturbations induced by the bio-
cide abamectin in the white snail, Theba pisana. J. Environ. Sci. Health 25, 44.

Radwan, M.A., El-Gendy, K.S., Gad, A.F., 2010. Biomarkers of oxidative stress in the land snail,
Theba pisana for assessing ecotoxicological effects of urban metal pollution. Chemosphere
79, 40-46.

Rossbach, L.M., Oughton, D.H., Maremonti, E., Coutris, C., Brede, D.A., 2020. In vivo assessment of
silver nanoparticle induced reactive oxygen species reveals tissue specific effects on cellular
redox status in the nematode Caenorhabditis elegans. Sci. Total Environ. 721, 137665.

Shahawy, F.A, 2018. Biochemical Effects of Mullicicides against the land snails, Helicella vestalis
and Theba pisana using sublethal doses. J. Plant Prot. Pathol. 9, 261-264.

Sinclair, B.J., Gibbs, A.G., Roberts, S.P., 2007. Gene transcription during exposure to, and recovery
from, cold and desiccation stress in Drosophila melanogaster. Insect. Mol. Biol. 16, 435-443.

Turki, F., Ben Younes, R, Sakly, M., Ben Rhouma, K., Martinez-Guitarte, J.L, Amara, S., 2022. Effect
of silver nanoparticles on gene transcription of land snail Helix aspersa. Sci. Rep. 12, 2078.

Ugokwe, C.U., Okafor, F.C., Okeke, P.C., Ezewudo, B.l, Olagunju, T.E., 2020. Induction of genetic
alterations and oxidative stress in giant African land snail (Limicolaria aurora) exposed to
municipal waste leachate. Rev. Toxicol. 19, 25.

Uyeda, K., Raker, E., 1965. Regulatory mechanisms in carbohydrate metabolism. VII-Hexokinase
and phosphofructokinase. J. Biol. Chem. 240, 4682-4688.

Verma, R.S., Mehta, A, Srivastava, N., 2007. In vivo chlorpyrifos induced oxidative stress: attenua-
tion by antioxidant vitamins. Pesticide Biochem. Physiol. 88, 191-196.

Yuan, J.S., Reed, A, Chen, F., Stewart, C.N., 2006. Statistical analysis of real-time PCR data. BMC
Bioinformatics 7, 85.

823



