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Abstract
Thymus vulgaris is a plant with known insecticidal properties. In order to explore its use in the control of the
mulberry snout moth, the essential oil this plant and two of its major components, thymol and carvacrol,
were evaluated in laboratory bioassays. GC-MS analysis of the oil depicted thymol (26.9%) and carvacrol
(5.7%) as the major constituents. The estimated LD50 values for thyme essential oil, thymol and carvacrol
were 2.82, 32.18 and 56.54 µg/larva, respectively. However, the thyme essential oil was more toxic than its
two main compounds.The activity of certain detoxifying enzymes such as α- and β-esterase, glutathione S-
transferase and cytochrome P450 were signi�cantly inhibited in thymol-treated larvae compared to the
control group. Similarly, the activity of alanine aminotransferase, aspartate aminotransferase, lactate
dehydrogenase and alkaline phosphatases enzymes in thymol-treated larvae decreased while the activity of
acid phosphatases increased. Our results suggest that thyme essential oil and its components have
potential for the control of G. pyloalis larvae in mulberry orchards, where no synthetic chemicals are
allowed.

Introduction
The lesser mulberry snout moth, Glyphodes pyloalis (Walker 1859) (Lepidoptera: Crambidae), is a serious
pest of mulberry. This pest feeds exclusively on mulberry leaves and can cause devastating damage to
mulberry orchards. This pest not only reduces the amount of available food for the silkworm, Bombyx mori
(Linnaeus 1758) (Lepidoptera: Bombycidae), but also causes constipation. This insect is also suspected of
carrying viral diseases diseases of silkworms (Shao et al. 2020).

Excessive use of insecticides for controlling insect pests causes resistance with the consequence of pest re-
emergence. In addition, the use of broad-spectrum insecticides disrupts populations of biological control
agents and natural enemies (Hawkins et al. 2019).

Terrestrial plants are endowed with secondary metabolites that have helped them to survive impactful
herbivores and diseases (Benelli et al. 2018). These metabolites include essential oils and extracts that have
different sites of action in target pests (Isman 2000). The main reason for using plant essential oils, their
extracts or components to combat pests is their low mammalian toxicity in comparison with most synthetic
insecticides (Mossa 2016).

Thyme is an aromatic plant with well known medicinal properties. The major constituents of Thymus
vulgaris (Linnaeus 1753) (Lamiaceae) are thymol, carvacrol and �avonoids known to have antibacterial,
anti-�atulent and acaricidal properties (Ozcan and Chalchat 2004). Some studies have shown insecticidal
and physiological effects of this plant essential oil and its constituents (Singh et al.,2009; Jiang et al. 2010;
Yazdani et al. 2013a, 2013b, 2014; Oftadeh et al. 2020; Dutra et al. 2020; Gong and Ren 2020).

The aim of this study was to identify the effect of Thyme oil and its major components on the contact
toxicity of the third instar larvae of G. pyloalis and its effects on important biochemical responses in the
hemolymph. In this study we tried to throw some light on the possible mechanisms involved in compounds
effect on this noxious pest of mulberry
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Materials And Methods
Insect rearing

The lesser mulberry pyralid larvae of different age groups were collected from infested mulberry orchards in
Rasht city (37.3846° N, 49.6545° E) Guilan province, Iran. The collected larvae were transferred to the
laboratory and were provided with tender mulberry foliage daily. They were cultured in plastic jars (10 × 20 ×
5 cm) in an incubator set at 25±1 °C, 60±5% RH and 16L:8D. The adults were maintained in plastic jars (18 ×
7 × 5 cm) and were provided with tender mulberry leaves for oviposition and 10% honey solution for feeding
soaked in a cotton wool. 

Thymus vulgaris essential oil and its constituents

Thyme essential oil was procured from Barij Essence Pharmaceutical Company (Kashan, Iran), thymol (CAS
Number: 89-83-8; 95% purity) and carvacrol (CAS Number: 499-75-2; 98% purity) compounds were
purchased from Sigma Aldrich (https://www.sigmaaldrich.com).

The components of the essential oil were determined by gas chromatography mass spectrophotometry (GC-
MS) on an Agilent GC-7890A using helium as the carrier gas. A progressive temperature from 50 °C to 290
°C (10 ° C per minute) was performed with the energy of 70 eV for every 1 s. The thyme essential oil
compounds were identi�ed through retention times (RT) which were then matched with RT of known
compounds in the device library (Ebadollahi et al. 2016).

Bioassays

Bioassays were carried out on newly ecdysed third instar larvae. We used thyme oil and two of its
components based on availability (i.e. thymol and carvacrol) The primary tests were performed to �nd
effective doses. Finally, �ve doses of thyme oil (1, 2, 3, 4 and 5 µg per larvae), thymol (12.5, 25, 37.5, 50 and
62.5 µg per larvae) and carvacrol (37.5, 50, 62.5, 75 and 87.5 µg per larvae) were selected. They were diluted
in 80% aqueous acetone, with the addition of 0.01% Tween 80 as adjuvant for topical application in order to
�nd the effective doses (1µg/larva) (Rizvi et al. 2018). Each experiment was replicated 4 times with 10
larvae per replicate and controls received the same amount of acetone instead. The number of dead larvae
were recorded after 48 hours and LD50, LD30 and LD10 values were estimated using PoloPlus software
(2002).

Insecticidal activity of binary mixtures

We followed the method of Kumrungsee et al.(2014) for making mixtures of essential oil components in the
order mentioned below:

1. thymol (LD30) + carvacrol (LD30)

2. thymol (LD50) + carvacrol (LD30)

3. carvacrol (LD50) + thymol (LD30)

https://www.sigmaaldrich.com/catalog/search?term=89-83-8&interface=CAS%20No.&N=0&mode=partialmax&lang=en&region=IR&focus=product
https://www.sigmaaldrich.com/catalog/search?term=499-75-2&interface=CAS%20No.&N=0&mode=partialmax&lang=en&region=IR&focus=product


Page 4/18

Each experiment was performed in four replications, and in each replication ten larvae were used. We used
the following formula of Kumrungsee et al. (2014);

E= Oa + Ob (1-Oa/100)

In this formula E is the expected mortality, Oa and Ob are the observed mortality of the pure compounds at

the speci�ed concentrations. The comparison using the following formula of X2 was performed in order to
de�ne the mixtures as antagonistic, additive or synergistic:

X2= (Om-E)2/E

The Om= observed mortality of mixture. Thus, when X2 values > 3.84 and < 3.84, are regarded as synergistic
or additive, respectively. Where the observed mortality is less than the expected mortalities, it is regarded as
antagonistic (Pavela 2015; Hummelbrunner and Isman 2001).

Sample preparation

Third instar larvae 48 h after treatment were homogenized in 500 mL of distilled water or buffer related to
each test. The homogenates were centrifuged at 4 °C for 10 min. The resulting supernatants were
transferred into new micro tubes and frozen at -20 °C until further use. 

Esterase assay (ESTs)

In order to measure the activity of estrases, two substrates namely α-naphthyl acetate (α-NA) and β-naphthyl
acetate (β-NA) were used. Thus, 15 μL of α-NA or β-NA (10 mM), 50 μL of fast blue RR salt (1 mM) and 20
mL of enzyme solution were released into each well. After 5 min, optical density (OD) was read at 450 nm
using a microplate reader (Han et al. 1995).

Glutathione-S-transferase assay (GSTs) 

The method of Oppenoorth et al. (1979) was used to measure the glutathione S-transferase activity. Twenty
μL of enzyme solution, 30 μL of universal buffer (pH 7), and 20 μL of 20mM CDNB (1-chloro-2,4-
dinitrobenzene) and 20 mM DCNB (1,2-dichloro-4-nitrobenzene) were mixed. The activity was read in a
microplate reader at 340 nm.

Mixed function oxidase assay 

The method used for cytochrome P450 monooxygenase assay was adopted from Martin et al. (2002). A
mixture of 80 µL of potassium phosphate buffer (62.5 mM, pH 7.2) and a 20 µL enzyme solution was
prepared. To this a solution of 13 mg 3,3',5,5'-Tetramethylbenzidine in 6.5 ml methanol with 19.5 mL of 0.25
M sodium acetate buffer (NaC2H3O2) at pH 5.0 was mixed and ultimately we added 25 µL of H2O2 (3%).
After 30 minutes of incubation at 25 ° C, enzyme activity was recorded at 630 nm.

Alanine and aspartate aminotransferase assays (ALT and AST)
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In order to measure the activity of alanine and aspartate aminotransferase, Pars Azmun commercial kit was
used (http://www.parsazmun.com/). Reagents R1 and R2 are �rst incubated for 20 minutes at laboratory
temperature and then enzyme activity is monitored by adding 20 µL samples. The absorbance was recorded
at 340nm (Thomas 1998).

Lactate dehydrogenase assays (LDH)

Activities of lactate dehydrogenase was assayed using a commercial kit by ParsAzmun Co.
(http://www.parsazmun.com/). Reagents R1 and R2 are �rst incubated for 20 minutes at laboratory
temperature and then enzyme activity is monitored by adding 20 µL samples. The absorbance was recorded
at 340 nm (King 1965).

Acid and alkaline phosphatase assays (ACP and ALP)

The acid and alkaline phosphatases were measured using para-nitrophenol phosphate substrate (Bessey
1946). Twenty µL of enzyme solution was mixed with 40 µL Tris buffer (Tris-HCl, 20 mM, pH 8 for ALP and
pH 5 for ACP) and 20 µL substrate (0.02 m, pH 7.2). They were then incubated for 5min and the absorbance
was read at 405 nm.

Protein determination

Using bovine serum protein, the protein content of the samples was determined by protein estimation kit
(Ziest- Chem Co., Tehran-Iran) based on the method of Lowry et al. (1951). Fifty μL of reagent was mixed
with 30 μL of standard (bovine serum protein at a concentration of 50 mg) and 50 μL of reagent with 30 μL
of each sample were incubated separately for 15 minutes and the absorbance was read at 545 nm. 

Data analysis

Probit analysis using PoloPlus software 2002(Robertson et al. 2007) was used to estimate mortality after
48 h. The collected data (mortality and biochemical) were �rst normalized using arcsin. The one-way
analysis of variance (ANOVA) was done using Minitab software. Tukey’s test was used to compare
differences in means at a probability less than 5%. 

Results
Chemical composition of Thymus vulgaris essential oil

The chemical analysis of T. vulgaris essential oil showed 38 chemicals including thymol (26.67%), p-
cymene (14.54%), linalool (13.39%), carvacrol (5.68%), α-pinene (4.48%), caryophyllene (2.38%), 1,8-cineole
(1.57%) as the main components (Table 1).

Bioassay and binary mixtures effects

The LD10, LD30 and LD50 values of T. vulgaris essential oil and its constituents on G. pyloalis larvae are
shown in Table 2. The highest toxicity was observed for thyme essential oil (viz. LD10, LD30, and LD50 of
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1.28, 2.04 and 2.82 µg per larvae respectively), followed by thymol (viz. LD10, LD30, and LD50 of 13.13, 22.43
and 32.18 µg per larvae respectively) and carvacrol (viz. LD10, LD30, and LD50 of 31.33, 44.41 and 56.54 µg
per larvae respectively). The binary mixtures of thymol+carvacrol at all ratios tested showed antagonist
effects against G. pyloalis larvae (Table 3).

Effect on detoxifying enzymes 

Treatment of third instar larvae with different doses of thyme essential oil, thymol and carvacrol
signi�cantly reduced esterase activity compared to the control, which was doses dependent and the lowest
level of esterase activity was observed with thymol (LD50) (α-esterase: df= 9,29; F= 21.96 and p= 0.00 and β-
esterase: df= 9,29; F = 45.39 and p= 0.00) (Table 4). A similar situation was observed with Glutathione S-
transferase (GSTs: df= 9,29; F= 2.89 and p= 0.02 (CDNB) and df= 9,29; F= 2.87 and p= 0.02 (DCNB)) (Table
4). The effect of thyme essential oil, thymol and carvacrol compounds on p450 activity showed increased
activity in carvacrol (LD50) but showing decreased activity in thymol (LD50) treatment (df= 9,29; F= 18.89
and p= 0.00). In other concentrations, there was no signi�cant difference compared with the control (Table
4).

Effect on intermediary-involved enzymes

Treatment of different doses of thyme essential oil, thymol and carvacrol compounds signi�cantly reduced
the activity of alanine and aspartate aminotransferases, so that the highest activity was observed in the
control and the lowest in the larvae treated with LD50 of thymol (ALT: df= 9,29; F= 4.44 and p= 0.00 and
AST: df= 9,29; F= 6.03 and p= 0.00) (Table 5). Treatment of larvae with different doses of thyme essential
oil, thymol and carvacrol compounds signi�cantly increased lactate dehydrogenase activity at different
doses compared to the control (df= 9,29; F= 9.57 and p= 0.00) (Table 5). After treating the larvae with thyme
essential oil, thymol and carvacrol compounds, the activity of acid phosphatases was increased (df= 9,29;
F= 5.06 and p= 0.00). However, the activity of alkaline phosphatases was decreased signi�cantly in all
treatments compared except carvacrol (df= 9,29; F= 7.22 and p= 0.00) (Table 5). 

Discussion
The insecticidal effect of plant-derived materials including essential oils and their major derivatives are well
documented in the literature (Pavela 2007; Pavela et al. 2009). Thyme is one such plant whose essential oil
is known for its insecticidal properties. Certainly, the phenolic components of thyme is the main reason for
the insecticidal bioactivity of this essential oil (Pavela et al. 2009). Other compounds in this plant include p-
cymene, linalool, carvacrol and α-pinene, which may also have insecticidal activities. Compared to other
reports in the literature, the concentrations of the constituents in thyme oil in our research resemble some
and differ from others (Szczepanik et al. 2012; Pavela and Sedlak 2018; Zahed et al. 2020). Nevertheless,
the amount of plant constituents is highly variable and strongly depends on geographical distribution,
growing conditions, stage and even the method adopted for extraction (Pavela 2016).
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Our results are indicative of a dose-dependent effect of the essential oil and its major constituents.
Therefore, with increasing concentration the mortality rate also increased. However, the thyme essential oil
was more toxic than its two main compounds in the present study. There are reports which corresponds to
our results however in other studied plants (Jiang et al 2009). Contrary to our report some authors have
found more effectiveness in the major compound than the essential oil as far as toxicity is concerned
(Pavela and Sedlak 2018). The possible reason for these differences may lay in the plant source itself or its
geographical location. Although other differences cannot to be neglected as mentioned earlier.

There are now several reports of the synergic action of aromatic compositions on some insects (Pavela
2008; Ntalli et al. 2011; Tak and Isman 2017). According to these studies, it seems that the synergistic or
antagonistic phenomenon depends on the molecular structure of the compounds, the type and position of
the functional groups and the ratio of the compounds used. In our study, the compounds (thymol + 
carvacrol) acted antagonistically. Kumrungsee and Pluempanupat (2014) also showed that thymol acted
antagonistically in combination with either 1,8-cineole or terpineol. Although, both thymol and carvacrol are
active against G. pyloalis larvae when used alone, they acted differently when mixed. On this basis it can be
said that these components might compete for a similar site of action (Singh et al. 2009; Kumrungsee et al.
2014).

Glutathione-S-transferases are used in detoxi�cation of compounds remaining from some metabolic
reactions or toxins entering the body exogeneously (Dasari 2018). Certainly, this ability to detoxify unwanted
compounds in any organism including insects depends on the nature of this diversiform enzyme. This
ability certainly comes from the existence of thiols that make the active compound in toxicants ineffective.
The esterases (ESTs) have the ability to hydrolyze toxicants and make them ineffective, thus detoxifying
them. The diversity of chemicals presents in the essential oil provisions them with diversi�ed sites of action,
which make them block both general esterases and glutathion-S-transferases (Park and Tak 2016).
Similarly, in our study the thymol (LD50) signi�cantly blocked both esterases and glutathion-S-transferases
in a dose dependent manner. The reason behind the lesser activity of the essential oil on esterases and
glutathion-S-transferases in insects isnot yet known. However, terpenes are known to compete for the active
site of the compounds to be detoxi�ed and thus reduce the activity of these enzymes (Khosravi et al. 2013a;
War et al. 2014; Tarigan et al. 2016; Oftadeh et al. 2020).

Cytochrome p450 monooxygenases are important metabolic systems that, in addition to anabolism and
catabolism of endogenous compounds, including hormones and pheromones, are also involved in
detoxi�cation or activation of xenobiotics (Brown et al. 2003). Studies show that depending on the insect
and the essential oil used, a signi�cant decrease or increase in cytochrome p450 activity can be observed
compared to the control. There are reports showing that resistant populations to toxic compounds, in
principle, are susceptible to plant essential oils and their components and thus the activity of cytochrome
p450 in them is usually decreased (Norris et al. 2018; O'Neal et al. 2019; Gaire.et al. 2021). In our study the
effect of thyme essential oil did not affect cytochrome p450 activity, while thymol and carvacrol increased
the activity of p450.
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Our study revealed that although the thyme oil showed more toxicity than the two of its components but
failed to inhibit detoxifying enzymes compared to at least one of the major compounds tested i.e. thymol.
The possible explanation to this contradiction could be that the essential oil comprises several secondary
plant metabolites each contributing to affect various insect systems including, digestive enzymes,
antioxidant systems as well as immune systems (Tak et al. 2017).

Transamination is the most important physiological processes in the body of insects, for formation of
protein needed for various functions (Chapman et al. 2013). It also plays an important role in insect energy
processes such as alanine to proline conversion (Sugeçti and Büyükgüzel 2018; Hakkak et al. 2018). Alanine
and aspartate aminotransferases are two enzymes involved in transamination and found in hemolymph
and fat bodies of insects. They play a major role in conversion of aspartate and α-ketoglutarate to oxalate
and glutamate, respectively, during the Krebs cycle, allowing insects to adapt to oxidative stress (Hakkak et
al. 2018). Decreased alanine aminotransferase activity in treated larvae may be due to lack of energy supply
through proline or the need for amino acids due to tissue damage caused by the compounds used. In
addition, the decrease in aspartate aminotransferase activity can be due to the lack of energy supply
through the Krebs cycle due to the conversion of aspartate and alpha-ketoglutarate to oxalate and
glutamate after exposure to the compounds used in the larval body. Decreased enzymatic activity of
transaminases was reported in Helicoverpa armigera (Hübner, 1808) (Lepidoptera: Noctuidae) fed on a diet
containing β-cytosterol. The results of this study showed that the decrease in enzyme activity was dose-
dependent. Higher concentrations of β-cytosterol in the diet further suppress enzymatic activity (Mishra et
al. 2020). Also, similar results in studies on the insecticidal properties of essential oils of Wedelia trilobata
(L.) (Asteraceae) and Melissa o�cinalis (L.) (Lamiaceae) showed that the activity of alanine and aspartate
aminotransferases were signi�cantly decreased compared to the control (Khater and El-Sha�ey 2015).

Lactate dehydrogenase activity increased after larval treatment with thyme essential oil, thymol and
carvacrol compounds. Lactate dehydrogenase is involved in the conversion of pyruvate to lactate and the
use of electrons in the conversion of NADH to NAD+ and can be an indicator of tissue degradation in treated
larvae (Kaplan and Pesce 2010). This enzyme converts pyruvate, the product of glycolysis, to lactate when
there is a lack of oxygen in the tissue (Kaplan and Pesce 2010). Higher lactate dehydrogenase activity in
treated larvae indicates the possibility of tissue damage or stress in the body (Senthil-Nathan et al. 2006;
Klowden 2007). Studies show that the increase or decrease in lactate dehydrogenase activity can vary
depending on the type of essential oil used and the insect. This difference seems to depend on the level of
insect resistance as well as the degree of insecticide of the plant composition (Senthil-Nathan et al. 2006;
Khosravi and Jalali sendi 2013b; Abd El- Naby and Zidan 2014).

Acid and alkaline phosphatases are hydrolytic enzymes that separate phosphate groups from various
molecules such as nucleotides, proteins and alkaloids in acidic and alkaline conditions respectively (Nation
2016). After treatment of the larvae with thyme essential oil, thymol and carvacrol compounds, acid
phosphatases activity increased and alkaline phosphatases activity decreased. The activity of these two
enzymes indicates the e�ciency of digestion and absorption of nutrients in the stomach and their transfer
to fat bodies. The decrease in the activity of this enzyme group can indicate a lack of digestive function and
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decreased metabolism due to reduction in releasing phosphate groups for energy manufacture (Senthil-
Nathan 2006; Younes et al. 2011; Selin-Rani et al. 2016).

Conclusions
Our results show that the use of plant essential oils as natural pesticides with minimal impact on non-target
organisms can help us improve measures to control pests in the future. These compounds have a special
place in areas where chemical compounds are not usually used. Since mulberry leaves are the main food of
silkworm, so the use of plant compounds can increase the quality of mulberry leaves and reduce damage in
mulberry orchards. Mulberry trees are also used to beautify urban green space, and the use of chemical
compounds in these areas is associated with risks. Although, the thyme essential oil was more toxic than its
two main compounds, but the physiological changes seen in G. pyloalis, was more pronounced in thymol.
Therefore, thyme oil and thymol have the potential of being used in a suitable formulation to reduce the
population of this pest.
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TR
(min)

Compound Value
(%)

TR
(min)

Compound Value
(%)

5.6 α-Pinene 4.48 17.72 β-Selinene 0.34

6.53 β-Myrcene 1.37 17.88 Ledene 0.64

6.51 β-Pinene 0.13 18.37 1,3-Benzodioxole, 4-methoxy-6-(2-
propenyl)-

0.55

6.63 Octanone 2.19 19.63 Spathulenol 2.61

6.86 3-Octanol 0.42 19.74 Caryophyllene oxide 3.21

7.13 α-Terpinene 0.74 20.18 12-Oxabicyclo[9.1.0]dodeca-3,7-
diene, 1,5,5,8-tetramethyl

0.18

7.33 ρ-Cymene 14.54 20.38 Apiol 0.19

7.54 1,8-Cineole 1.57 20.68 Isoaromadendrene epoxide 0.38

7.94 gamma-Terpinene 4.63 21.06 Isoaromadendrene epoxide 0.38

8.75 Linalool 13.39 21.3 Caryophyllenol 0.52

9.73 Camphor 1.18 22.48 β-Springene 0.2

10.36 Borneol  0.17 25.33 Phenol, 2,3,5,6-tetramethyl- 0.15

10.64 3-Cyclohexen-1-ol, 4-methyl-
1-(1-methylethyl)

1.26 25.78 Adamantane 0.82

10.74 Bicyclo[2.2.1]heptan-2-one 0.25 25.97 Isoamylpyrrole 0.17

11.85 Carvacrol methyl ether 2.23 27.21 3,5-diethyl- Phenol 0.19

13.26 Thymol  26.92 27.32 Phenol, 3-methyl-5-(1-methylethyl)-,
methylcarbamate

0.21

14.4 Phenol, 2-methoxy-4-ethenyl 1.61 27.86 Phenol, 2,3,4,6-tetramethyl- 0.25

14.99 Carvacrol acetate 1.75 32.16 Tetracosane 0.2

15.41 Carvacrol  5.68 33.93 Pentacosane 0.15

16.34 Caryophyllene 2.38 35.12 4-Methyl-2-(3-methyl-2-butenyl)-
furan

0.19

16.74 Aromadendrene 1.38   Total identi�ed 99.8

Table 2 Toxicity of thyme essential oil and its major components against Glyphodes pyloalis (µg per larvae)
larva 48 h post-treatment.
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Treatment Concentrations Mortality
(%) ± SD

LD10 (95%
CLa)

LD30 (95%
CL)

LD50 (95%
CL)

(χ 2)

T. vulgaris 1 µg/larvae

2 µg/larvae

3 µg/larvae

4 µg/larvae

5 µg/larvae

7.5 ± 0.95

22.5 ± 1.7

57.5 ± 0.95

72.5 ± 1.7

85 ± 1.29

1.28 (0.93-
1.57)

2.04 (1.69-
2.33)

2.82 (2.48-
3.19)

1.79 

Thymol 12.5 µg/larvae

25 µg/larvae

37.5 µg/larvae

50 µg/larvae

62.5 µg/larvae

7.5 ± 1.5

40 ± 2.58

60 ± 2.58

62.5 ± 1.25

90 ± 0.8

13.13 (6.77-
18.32)

22.43 (15.41-
27.76)

32.18 (25.62-
39.34)

4.39

Carvacrol 37.5 µg/larvae

50 µg/larvae

62.5 µg/larvae

75 µg/larvae

87.5 µg/larvae

 

20 ± 1.82

35 ± 3.1

62.5 ± 2.5

72.5 ± 1.7

82.5 ± 1.7

31.33 (23.22-
37.08)

44.41 (37.68-
49.28)

56.54 (51.27-
61.68)

0.643

a CL: con�dence limit which has been calculated with 95% con�dence.

Table 3. Relative toxicity of binominal mixtures of the constituents of Thyme essential oil against the larvae
of Glyphodes pyloalis after 48 h of post-treatment

Mixtures N Larval mortality (%) (X2) Effect

Pure compound Binary mixtures

Oa Ob Em Om

Thymol LD30+ Carvacrol LD30 40 15 11 22.1 3 _* Antagonist

Thymol LD50+ Carvacrol LD30 40 24 11 25.55 11 _* Antagonist

Carvacrol LD50+ Thymol LD30 40 19 15 25.84 9 _* Antagonist

N, Number of larvae per treatment; Oa, observed mortality of the �rst compound; Ob, observed mortality of

the second compound; Em, espected mortality; Om, observed mortality; X2, comparison of antagonistic,
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additive or synergistic effect.

Represents antagonistic effect with nil digit. 

Table 4. Activities of detoxifying enzymes (U/mg protein) and p450 (nmol/mg) at 48 h of post-treatment of
Thymus vulgaris essential oil, Thymol and Carvacrol in third instar larvae of G. pyloalis.

Detoxifying
enzymes

α-esterase (a-
NA)

β-esterase (b-
NA)

Glutathione S-
transferase
(CDNB)

Glutathione S-
transferase
(DCNB)

P450

 

Acetone
(Control)

0.1±0.006a 0.129±0.003a 0.129±0.022a 0.341±0.03ab 0.469±0.027b

T.
vulgaris LD10

0.066±0.006b 0.075±0.002b 0.104±0.022ab 0.34±0.012ab 0.376±0.018bc

T.
vulgaris LD30

0.037±0.007c 0.054±0.001c 0.065±0.014ab 0.308±0.032ab 0.273±0.013bc

T.
vulgaris LD50

0.035±0.00c 0.053±0.001c 0.09±0.005ab 0.257±0.001ab 0.259±0.004bc

Thymol LD10 0.031±0.003c 0.056±0.003bc 0.098±0.031ab 0.324±0.005ab 0.385±0.009bc

Thymol LD30 0.026±0.007c 0.055±0.003c 0.098±0.018ab 0.298±0.021ab 0.377±0.018bc

Thymol LD50 0.016±0.009c 0.032±0.002d 0.05±0.016b 0.24±0.004b 0.209±0.019c

Carvacrol
LD10

0.037±0.005c 0.058±0.009bc 0.091±0.008ab 0.344±0.005a 0.415±0.027bc

Carvacrol
LD30

0.034±0.003c 0.044±0.003cd 0.087±0.013ab 0.315±0.004ab 0.439±0.001bc

Carvacrol
LD50

0.02±0.002c 0.04±0.001cd 0.073±0.026ab 0.307±0.003ab 0.944±0.138a

df 9,29 9,29 9,29 9,29 9,29

F-value 21.96 45.39 2.89 2.87 18.89

p 0.000 0.000 0.023 0.024 0.000

Note: Means followed by different letters are signi�cantly different according to the Tukey's test (p < 0.05).
Data related any column was analyzed separately.

Table 5. Activities of enzymes of intermediary metabolism (U/mg protein) at 48 h of post-treatment of
Thymus vulgaris essential oil, Thymol and Carvacrol in third instar larvae of G. pyloalis.
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Enzymes of
intermediary
metabolism

ALT AST LDH ACP ALP

Acetone
(Control)

0.150±0.003a 0.060±0.004ab 0.081±0.002c 0.598±0.012b 0.244±0.016a

T.
vulgaris LD10

0.148±0.010a 0.083±0.000a 0.118±0.006bc 0.658±0.023ab 0.235±0.022a

T.
vulgaris LD30

0.135±0.003ab 0.088±0.000a 0.115±0.02bc 0.708±0.028a 0.158±0.026ab

T.
vulgaris LD50

0.114±0.012ab 0.072±0.006a 0.123±0.008bc 0.707±0.023a 0.094±0.009b

Thymol LD10 0.111±0.005ab 0.043±0.007ab 0.135±0.009abc 0.693±0.006ab 0.097±0.030b

Thymol LD30 0.112±0.009ab 0.045±0.006ab 0.137±0.013abc 0.763±0.050a 0.089±0.010b

Thymol LD50 0.094±0.013b 0.013±0.006b 0.145±0.006ab 0.768±0.009a 0.072±0.029b

Carvacrol
LD10

0.151±0.002a 0.084±0.011a 0.187±0.006a 0.728±0.029a 0.231±0.034a

Carvacrol
LD30

0.140±0.010ab 0.084±0.005a 0.187±0.021a 0.724±0.004a 0.231±0.026a

Carvacrol
LD50

0.147±0.003a 0.070±0.006a 0.19±0.003a 0.760±0.031a 0.202±0.039ab

df 9,29 9,29 9,29 9,29 9,29

F-value 4.44 6.03 9.57 5.06 7.22

p 0.003 0.000 0.000 0.001 0.000

ALT, alanine aminotransferase; AST, aspartate aminotransferase; LDH, Lactate dehydrogenase; ACP, acid
phosphatases; ALP, alkaline phosphatases. Means followed by different letters are signi�cantly different
according to the Tukey's test (p < 0.05). Data related any column was analyzed separately. 


