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Abstract

Background and Objectives: The brown snail is a major pest affecting citrus orchards in Iran. Using
chemical pesticides can contaminate the air, water, and nearby crops. Due to the emergence of pest
resistance to chemical toxins and their harmful and destructive effects on human health and the
environment, one of the methods to control snails is to evaluate the activity and inhibition of their
digestive enzymes. a-amylase and a-glucosidase enzymes are key enzymes in the digestive system, and
their inhibition is crucial in biotechnology. Using natural sources as inhibitors for these two enzymes is
a new goal due to fewer side effects than chemical inhibitors. The purpose of this study was to use the
essential oils of thyme (Thymus vulgaris L.), lavender (Lavandula angustifolia Mill.), and marjoram
(Origanum vulgare L.) plants from the mint family to inhibit these two enzymes of the digestive gland
of the brown snail.

Materials and Methods: In this study, a -amylase and o -glucosidase enzymes were extracted from brown
citrus snails. The digestive glands were isolated from snails in starvation conditions. The enzyme extract
was prepared after homogenization and centrifugation methods at 4 °C. Kinetic parameters and activity of
a-amylase and a-glucosidase measured in the enzyme extract were measured. The total amount of proteins
in the crude extract was measured by the Bradford method. The essential oil was prepared using a Clevenger
apparatus. The activities and kinetic parameters of a-amylase and a-glucosidase enzymes in crude extract
were measured in the presence of different concentrations of the essential oils of T. vulgaris, L. angustifolia
and O. vulgare. a-amylase enzyme activity was measured according to Bernfeld's method at a fixed
concentration of the starch solution, essential oils (0.1-6 mg/ml) and 250 pl of the enzyme extract. The total
volume was 2.5 ml in each experiment. a-glucosidase enzyme activity was determined based on the method
of Siegentaler and Low with a slight change. In each experiment, different amounts of the essential oils
(0.25-5 mg/ml) were incubated with the enzyme extract (15 pl) and para-nitrophenyl alpha-di-
glucopyranoside (20 pl). The total volume was 200 pl.

Results: The amount of protein in the crude enzyme extract was 0.2 mg/ml. The a-amylase activity was
obtained at 0.278 U/ml, and the specific activity was 1.39 U/mg. The Ky and Vmax values for a-amylase
were measured as 0.13 mg/ml and 0.062 mg/ml/min, respectively. The a-glucosidase activity was obtained
at 0.4 U/ml, and the specific activity was 2 U/mg. The ICs values for the a-amylase in the presence of
essential oils of T. vulgaris, and L. angustifolia., and O. vulgare were obtained at 2.462, 0.2816, and 0.114



mg/ml, and for a-glucosidase was obtained at 0.741, 2.036, and 1.668/ml, respectively. The GC-MS
analysis found that the main constituents of the essential oils of T. vulgaris, L. angustifolia and O. vulgare
were Carvacrol, D-Camphor, and Terpinene-4-ol, respectively. The essential oil of O. vulgare acted as an
a-amylase inhibitor, and the thyme essential oil acted as an a-glucosidase inhibitor. Our experiments
showed that the essential oil of L. angustifolia competitively inhibited the a-amylase. On the other hand,
O. vulgare essential oil can act as an effective competitive inhibitor for the a-glucosidase. Therefore,
compounds of D-Camphor and Terpineol, which are the main components of L. angustifolia and O. vulgare
essential oils, are effective competitive inhibitors for a-amylase and a-glucosidase of the snail.
Discussion: Citrus snail is one of the most significant pests of agricultural products, which damages all
kinds of citrus cultivars in gardens and nurseries by feeding on leaves, stems, fruits, and tree bark. Iran's
rich pharmaceutical plant flora contains diverse compounds, including volatile ones like essential oils,
which can be explored for their medicinal, insecticidal, fungicidal, and other properties. According to the
literature, the snails have more than 20 types of carbohydrases. a-amylase and glucosidase are key enzymes
in carbohydrate digestion and metabolism in insects that hydrolyze starch and glycogen. Our results showed
that essential oils of T. vulgaris, L. angustifolia and O. vulgare or their active components can be proposed
as environmentally friendly, low-cost, and accessible sources for the production of effective inhibitors
against a-amylase and a-glucosidase of brown citrus snail.
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Table 1. Identified compounds in essential oils of Thymus vulgaris, Lavandula angustifolia and Origanum
vulgare by GC/Mass

Compound Value (%)

Thymus vulgaris Lavandula angustifolia Origanum vulgare
Carvacrol 42.99 241 2.16
Linalool 21.85 2.75
Thymol 18.12 2.12
Para-cymene 3.93
D-camphor 2.86 69.85
Caryophyllene 1.78 1.73
Thymyl methyl ether 1.75
Gamma-terpinene 1.61 18.93
Caryophyllene oxide 0.70
Linalool oxide 0.61
Alpha-pinene 0.56
Sepathulenol 0.50 0.57
Cis-linaloloxide 0.49
1,8-cineole 0.48
Terpinene-4-ol 0.42 32.97
Beta-myrcene 0.38 0.59
Alpha-terpinene 0.38 14.69
Aromadendrene 0.35
Beta-eudesmol 4.96
Ortho-acetyl-para-cresol 2.52
Borneol 2.27
Beta-ocimene 2.22
Alloaromadendrene 1.69
Cuminaldehyde 1.54
Camphene 1.01
1R-alpha-pinene 0.78
(+)-4-carene 5.94
Alpha-terpineol 4.82
Cis-beta-terpineol 4.13
Beta-phellandrene 2.75
Beta-thujene 2.29
1R-alpha-pinene 2.06
Trans-para-2-menthen 1.60
Dihydrocarveol 1.25
Linalyl anthranilate 0.80
Bicyclogermacrene 0.69
Alpha-phellandrene 0.62

(2)-piperitol 0.53
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Figure 1. The Lineweaver-Burk plot for the kinetic behavior of alpha-amylase. (S; starch)
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Figure 2. The Lineweaver-Burk plot for the kinetic behavior of alpha-glucosidase enzyme, (S; 4-nitrophenyl

a-D-glucopyranoside)
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Figure 3. The inhibition effect on the alpha amylase by the essential oils of: (a) Thymus.vulgaris (T.vEO); (b)
Lavandula.angustifolia (L.aEO); (c) Origanum.vulgare (O.vEQO)
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Figure 6. Lineweaver-Burk graph for the Kkinetic behavior of alpha-amylase enzyme in the vicinity of the
essential oil of (a) Thymus vulgaris; (b) Lavandula angustifolia; C) Origanum vulgare (Black: without EO and

Gray: with EO).
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Table 2. Comparison of kinetic parameters of the alpha-amylase and glucosidase enzymes in the presence of

the essential oils

Km (mg/mi) Vmax ((mg/mi)/min) Type of Inhibition

a-amylase

-EO 0.13 0.062

+TVvEO 0.104 0.021 Noncompetitive & Mixed

+LaEO 1.848 0.057 Competitive

+OVEO 0.327 0.028 Noncompetitive & Mixed
a-glucosidase

No EO 15 0.028 -

+TVvEO 0.632 0.019 Competitive

+LaEO 0.898 0.013 Uncompetitive

+0OVEO 3.7 0.021 Competitive

- EO: without essential oil; T.v: Thymus vulgaris; L.a: Lavendula angustifolia; O.v: Origanum vulgare.

2 Hemiptera

1 Pentatomidae
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