
Effect the extracts of peppermint (Mentha spicata L.) in morphological deformations of mosquitoes Culex molestus Forskal (1775) (Diptera: Culicidae)

Abstract: The study was conducted to investigate the effect use of water extract and chloroform of peppermint plant Mentha spicata in control of mosquito Culex molestus during the treatment of the fourth instar larvae .Use in the experiment aqueous cold, boiling and chloroform of roots ,stems and leaves extracts of Mentha spicata was studies by using concentrations (1,5 and 10) mg/ml of aqueous extracts and (0.25,0.5 and 1) mg/ml of chloroform extract on some biological aspects of Culex molestus by treated fourth instar larvae of the insect, and the results were as follows : The results of the study showed that the above mentioned extracts have an effect in inhibition of emergence and that effect is positively correlated with the concentrations used .the most of these effects were demonstrated by using the chloroform extract of the leaves, as for the effect of the mortality of the fourth instar larvae and pupae , the a cumulative mortality reached 93.9% at the concentration of 0.25 mg / ml and did not differ significantly when the concentration increased to 1 mg / ml, which amounted to 90% we note that the highest percentage of mortality occurred when using aqueous cold , boiled and chloroform for leaves also noted many morphological deformations during the experiments ,These extracts may act as insect growth regulators, leading to these deformations.

INTRODUCTION
Culex molestus mosquitoes belong to order:Diptera to the Culicidae family, a medically and biologically important blood-sucking insect that transmits many diseases to humans( Al-Rahimy et al.,2019).One of the most important parasites transmitted by mosquitoes is malaria parasites and ring viruses such as Dengue fever virus, yellow fever virus, and West Nile virus (Abul-hab,1979; Service,2012) .As a result of the rapid proliferation of this insect and the production of large numbers of eggs, a wide spread of these diseases has been observed, causing an epidemic, so attention has been paid to developing programs to combat and reduce their spread. Mosquitoes return to the Culicidae family that includes 3601species and subspecies (Wilkerson et al.,2015), The Culex genera is found in tropical and temperate regions with favorable environmental conditions for the transmission of many viral diseases (Traboulsi et al.,2005). This species is the most house mosquitoes and present in the human environment ( Al-Rahimy et al.,2019)
. the use of chemical pesticides is the fastest method among many control methods (Al-Jinabi and Al-Essa ,2013). The use of chemical pesticides pull faces many criticisms and warnings ( Al-Rahimy et al.,2019).In order to preserve the environment and non-targeted organisims, researchers began to use other methods of control, including control by using plant extracts ( Al-Rahimy et al.,2019) .plant extracts have toxic effects to larvae, pupae and adult mosquitoes in general (Al-Kahfagi and Al-Essa , 2017).Mentha spicata to family Lamiaceae has important functions from the medical point of view and insect repellent as mosquitoes (Habiba,2010) , and given the importance of combating some of the water stages to control the adult stages. The current research aims to study the effect of water and chloroform extracts of peppermint in some of the of biological aspects mosquitoes Cx. molestus through:







· 1-Studying the effect of plant extracts on the mortality percentage of the fourth instar larvaethat treated.	Comment by HP: Add space between larvae and that.
· 2-Effect of these substances in causing deformations to individuals treated and individuals resulting from them.
· 3-Diagnosis of active compounds using Thin Layer Chromatography (T.L.C.)

MATERIALS AND METHODS
Collect and Identification plant samples:
Samples of peppermint plant were collected from the orchards of the province of Karbala in December 2016 and separated into leaves, stems and roots,after drying and grinding separately, put in glass bottles and the name of each vegetable section was recorded and stored in the refrigerator until use. The identification of plant in Department of biology, college of Sciences, University of Babylon.	Comment by HP: Add space between coma and after

Preparation of plant extracts:
The modified method(Al-Mansour,1995) was adopted for(Harborne,1973) in the preparation of water extracts. In the preparation of organic solvent extracts, the organic solvent chloroform was used in the preparation of organic plant extracts. The method (Samurai,1983) and the modified (Harborne,1973) were adopted in the extraction process for roots, stems and leaves of peppermint.

Collection and diagnosis of mosquito samples:
Egg samples of mosquitoes Cx. molestus Forskal were collected from one of the exposed sewage areas of open heavy water measuring (2 x 2) m and containing its limbs on reed plants Typha sp. In the province of Karbala - district of Ramadan – Dawr Al-Hajar on 20/3/2017. The egg boats were placed in laboratory conditions for the purpose of hatching and were reared until they reached the fourth larval instar (Al-Rahimy et al., 2019), and to diagnose mosquitoes within the study area where samples were taken from the fourth instar larvae and identified using the taxonomic key (Abul-hab and Kassal ,1989). In order to confirm the diagnosis, it was based on a vital phenomenon, namely Autogeny (Al-Rahimy et al.,2019).
mosquitoe breading	Comment by HP: Capitalize m in Mosquitoes
The colony was purified for three generations before the experiments were started (Al-Rahimy et al.,2019). The egg boats collected from the site were isolated and each boat was placed in a 400 mL plastic container containing tap water. After hatching the eggs to larvae, they were fed with bread crumbs and when they were turned into pupaeafter the eggs were hatched and turned into larvae, the breadcrumbs were added to feed them (Al-Rahimy et al.,2019), the pupae were transferred to the breeding cage 30X30 X 30 cm was enclosed by a metal wire on four sides and a fifth- line tulle. The adults were fed on a 10% glucose solution and don’t fed to the blood meal .The colony was purified for three generations before the experiments began. On fourth-instar larvae and adults used for diagnosis and conduct experiments. This method of breeding was used for the purpose of obtaining adults and the fourth larval instar of diagnosis and conducting the necessary experiments (Al-Rahimy et al.,2019).	Comment by HP: Add space between pupae and after

Effect of water extracts and chloroform of roots, stems and leaves of peppermint plant in the biological aspects of the insect
took (10) larvae / replicate of fourth instar larvae and 3 replicates per concentration. transferred it to 100 mL plastic containers containing the above mentioned extracts 1,5and 10 mg / ml for the water extract and 0.25, 0.5 and 1 mg / ml for the chloroformed extract with bread crumbs for the purpose of feeding them. Used distilled water and solvent in control experiments, recorded The percentege of mortality in the fourth instar larval and the pupal stage (produced after treatment of the fourth instar larval) and until it reached the adult stage. The percentages of mortality are calculated according to equation (Abbott,1925).

[bookmark: _Hlk197401235]𝑇ℎ𝑒 𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑜𝑓 𝐶𝑜𝑟𝑟𝑒𝑐𝑡𝑒𝑑 𝑚𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦 =

%𝑚𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦 𝑎𝑡 𝑡𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡 − %𝑚𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦 𝑎𝑡 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 100 − 𝑚𝑜𝑟𝑡𝑎𝑙𝑖𝑡𝑦 𝑎𝑡 𝑐𝑜𝑛𝑡𝑟𝑜𝑙

∗ 100%

The deformtions that occurred during the experiment to the treated individuals and they were produced were observed.
Determination of active groups of plant extracts
Using thin layer chromatography (T.L.C), according to (Al-Rahimy ,2017). The results of the study experiments were analyzed according to the model of global experiments and with full randomization design, the loss ratios were adjusted according to equation (AlRawi and Khalf Allah, 2000; Abbott,1925) and the corrected values were converted to angle values for inclusion in the statistical analysis.


RESULTS AND DISCUSSION
effect the interaction of the concentrations the cold and boiling water extracts of the peppermint plant M.spicata	Comment by HP: Add space between M and spicata
in the percentage of cumulative mortality of the immature stages of the Cx. molestus
Table (1) shows the effect of the concentrations of the extract on the mortality of immature stages of the insect treated. The increase in the concentration of the extract resulted in an increase in the mortality rates of the immature stages of the treated insect. A positive relationship was observed between the concentration of the extract and the percentage of mortality. The cumulative mortality of immature stages when use 10mg/ml concentration in cold water extracts for root; stem and leaves peppermint plant were 90, 89.6 and 90% respectively compare with 2.8, 6.4 and 5.6% in control treatment, whereas cumulative mortality rate in hot water extract were 40.9;90.90%respectively in the concentration 10 mg / ml for root extract, stems and leaves compared with 4.0, 4.6 and 5.6% respectively in the control treatment.	Comment by HP: Add space between % and respectively
Table (1): Effect the interaction of the water extract of M. spicata in the percentage of cumulative mortality of immature stages of mosquitoes Cx. molestus

Concentrations mg/ml

mortality cumulative of the immature stages% cold aqueous extracts


boiled aqueous extracts

	
	Roots
	Stems
	Leaves
	Roots
	Stems
	Leaves

	Control
	2.8
	6.4
	5.6
	4.0
	4.6
	5.6

	1
	31.2
	69.2
	93.9
	40.8
	74.4
	62.6

	5
	44.5
	98.9
	80.2
	50.6
	90
	80.4

	10
	90
	89.6
	90
	40.9
	90
	90


L.S.D. interaction between effect of difference of the type of extract and type of plant part in the percentage mortality cumulative of the immature stages 12.733

Table (1) shows that the cold and boiling water extract of the plant had a high effect in the percentage of cumulative mortality, and the results of the statistical analysis showed the significance differences in the results obtained.
A study (Saleh et al.,2010) confirms the superiority of the water extract of leaves of the Nerium oleander plant in the biological efficiency of the cumulative mortality of mosquito larvae Cx. quinquefasciatus given a concentration of 3000 ppm mortality of 100% killing.
This may be due to the effect of these extracts on insect stages because they contain phenol compounds, toxic substances or other effective compounds that act as feeders, causing the insect to die. The killer cause of insect stages may be due to the nervous and digestive system of the insect by touching these extracts to the surface(Saleh et al.,2010; Halawa ,1998) , the reason for the existence of high cumulative loss rates in the plant under study for larvae is an indication of the presence of poisoning and accumulation of active substances in the studied plant in the digestive canal of larvae and the appearance of many deformities ,the reason may be the effect of these substances on food enzymes analyst for the substance found in the gut (Wigglesworth ,1972) . The presence of a group of enzymatic microsomal oxidase enzymes in the gut cells of insects are important in removing the toxic effect of natural compounds of the plant, and that any effect on these enzymes by these compounds causes poisoning of the digestive tract tissues of the insect.	Comment by HP: Add space

Effect the intreaction of the concentrations the of chloroform extract of peppermint plant M. spicata in the percentage of cumulative mortality the immature stages of the Cx. molestus	Comment by HP: Spelling error
The percentage of cumulative mortality for the immature stages in the chloroform extract for the roots, stems and leaves of the peppermint plant were highest concentration of extract 1mg / ml was 90, 89.7 and 90 % respectively, compared with 5.4% in the control treatment.
Table (2): Effect the interaction of the chlorophoram extract of M. spicata in the percentage of cumulative mortality of immature stages of mosquitoes Cx. molestus



Concentrations mg/ml

% mortality cumulative of the immature stages

	
	Roots
	Stems
	Leaves

	Control
	5.4
	5.4
	5.4

	0.25
	69.5
	37.8
	93.9

	0.5
	90
	60.1
	95.6

	1
	90
	89.7
	90


L.S.D. interaction between effect of difference of the type of extract and type of plant part in the percentage mortality of cumulative of immature stages 11.241

from the results of Table (2) showed that the chloroform extract of the plant had a high effect in the percentage of cumulative mortality, and the results of the statistical analysis showed the significance of the differences in the results
It is noted in the present study that the high concentration and the length of time, caused higher percentage of cumulative mortality of immature stages, this may be due to the effect of these extracts in the stages of the insect because of the containment of toxic substances or other effective compounds act as antifeeding cause the insect to die, or The reason of die may be due to the impact of the nervous system and the digestive of the insect by touching these extracts to the surface of the body of the insect or enter these substances through the respiratory openings (Halawa
,1998) , or may explain the cause of the mortality of the fourth larvae to starvation because the active compounds of the plant extract works as antifeeding (Frankel,1969).This disease affects the epithelial cells of the gastrointestinal tract and causes cases of insect poisoning, combined with the fatty substances present in the digestive system and causing the death of the larvae (Pederson et al.,1976; Metspalu et al., 2001).
The results of (AL-fetlawy ,2014) confirmed a cumulative mortality of the immature stages of mosquitoes Cx. pipiens 100% when treated with Tamarix ramosissmaon Turbine extract for concentrations (2.5, 5, 10 and 20) mg / ml, respectively.
Effect of peppermint water extracts of in appearance of morphological deformations in insect stages. It was found through the various laboratory experiments that the water extracts of peppermint had an effect on the occurrence of several morphological deformations of the individuals resulting from the different treatments and as follows:
As a result of the use of the cold water extract of the peppermint stem, observed some morphological deformations in shape of 4th instar larvae,pupae and adult stage as partial emergence of the adult insect by 16.66% in the concentration of 1 mg / ml compared with 0% in control treatment.	Comment by HP: Add space between coma and pupae
In the boiling water extract of leaves of peppermint plant in the concentration of 1 mg / ml led to the mortality and partial emergence of adult that produced from treated 4th instar larvae by 100% compared with to control treatment that deformation percentage was 0%.
It can be said that the use of extracts of peppermint at the sensitive periods of the growth of the insect result in physiological and morphological deformations, which often lead to death, the types of deformations are related to their different concentrations used and stages that treated and this may be due to different methods of influence these extracts have one of the most important methods of effect is to prevent the formation of new chiten that added to the cuticle during the moulting. The appearance of these abnormalities of the stages of the insect may be due to the inhibitory action of the plant studied on the growth of the fourth-instar larvae, pupae or adult stage (Al-Rahimy et al.,2019).
Showed (Mahmoud ,2007) that there is a clear effect of the aquatic and organic extracts of albizia plants and the leaves of Mytrus against the white fly insect on the cucurbitae. These were the appearance of abnormalities in the

immature stages and the intermediate stage between the larva and the pupae, in addition to the failure of some adult in emergence.
Indicated (Basak,2001) to the larvae and nymph of insect that treated with Azadirachtin extracted from Neem plant Azadirachta indica caused mortality70-60%. because Azadirachtin inhibits the secretion of Ecdysone, which inhibits the process of larvae and nymphs moulting to complete their life cycle and transfer to Complete insect.
Effect of peppermint chloroform extracts of in appearance of morphological deformations in insect stages. The results of the treatment of the 4th instar larvae with chloroform extracts showed that the adults prodused from the treatment were weak and could not fly and remained on the surface of the water and died within a few hours of their emergence. The percentage of deformations was 100% in the concentration 0.25 mg / ml and the concentration 0.5 mg / ml for the stems and leaves extracts respectively, and in the concentration of 1 mg / ml in the chloroform extract for the roots, stems and leaves of the peppermint plant compared with the control treatment that a percentage of deformation was 0%.	Comment by HP: Check spelling 
The appearance of insect morphological changes in insect stages with concentration of 0.25, 0.5 and 1 mg / ml that was observed with a partial emergence in rate (50, 96.38 and 40%) respectively with the chloroform extract of peppermint leaf compared with 0% in control treatment.
The chloroform extract of the peppermint stem extract in the concentrations (0.25, 0.5 and 1) mg / ml resulted a partial emergence of adult insect in rate (15.38, 15.09 and 23.25%) respectively compared with 0% in control treatment.
The results of the study conducted by (Saleh et al.,2010) confirmed the use of organic extracts of eucalyptus E. microtheca and Datura innoxia The petroleum extract had an effect on the morphological deformations in Cx. quinquefasciatus larvae when treated with these extracts
The use of these extracts has been shown to lead not only to the direct killing of various insect stages as toxic substances or traditional pesticides, but to prevent the insect from reaching the adult stage. One of its most important effects is the prevention of the adult emergence, especially in the treated of immature stages and the appearance of different morphological deformations during metamorphesis, which appear clearly in two stages of metamorphesis in the insects (Holometabolus), the transfer from larva to pupae and from the pupae to adult, Which leads to death and the inability of these deformed individuals to continue to grow and reproduce. A study (Al-Rahimy et al., 2019) showed the appearance of a number of phenotypic deformities of the fourth-instar larval and adults of Cx. molestus when treating the fourth-instar larval of the mosquito with extracts of Crude Extracts of The peels of Musa acuminate L.	Comment by HP: Change W to lowercase	Comment by HP: Change T to lowercase
[bookmark: _Hlk197435666]Showed (Janite, 1996) that the treatment of ipsilon Agrotis eggs with extracts of black pepper nigrum Piper and chmomilla matericaria led to the failure of a large number of pupae resulting from eggs that treated and deformation in the wings that become crusty and The insect can separate it.	Comment by HP: Arrange properly as Agrotis ipsilon	Comment by HP: Adjust as Matericaria chmomilla	Comment by HP: Change T to lawercase
Indicated (Mitchell et al., 2004) until pointed out that the extracts of the indica azadirachta caused a deformation in the winges of clavigralla scutellaris ( Hemiptera: Heteroptera) in each concentration that used, Coreidae, also there was a positive correlation between deformation and concentration , Where at 0.2% the deformity was in the two wings and at 0.1% concentration there were deformities in one wing. The concentration of 0.25 % and 0.5% resulted in slight deformation in the wing.	Comment by HP: Arrange properly as Azdirachta indica	Comment by HP: Capitalize c
Compounds separated from cold water extract, boiled and chloroform for roots, stalks and leaf leaves of M. spicata using Thin Layer Chromatography. The results of T.LC technique were confirmed in Table (3), which was carried out in the mint plant. A single compound was obtained in the cold water extract of the root. The relative movement values of this compound were 0.85 and 0.85 respectively. UV and naked eye, and three compounds were obtained in the
boiling water extract of the root where the Relative flow value was (R.f) 0.81,0.84.0.88respectively, reddish brown, ,	Comment by HP: Add space between 8 and respectively
green, and purple (blue) respectively with UV, yellowish green, and light yellow with the naked eye.A single compound was obtained in the root chloroform extract and its relative moving values (R.f.) 0.85 and was of a blue color and brown respectively with UV and naked eye, In a stalk extract, a compound with a relative displacement values of 0.88 was obtained in green respectively with UV and naked eye. In the extract of the leaves, two vessels with relative moving values of 0.90 were obtained for both compounds; is blue and brown with ultraviolet light and and greenish brown green with the naked eye.	Comment by HP: Add space between eye and A

Table (3): Isolated compounds of cold, boiled and chloroform extracts of roots, stems and leaves of peppermint plant. using thin sheet technology T.L.C

Type of extract
Cold water extract for roots
boiled water extract for roots

Chloroform	extract	for roots
Chloroform	extract	for stems
Chloroform	extract	for leaves

Color	Compound under UV Light
Blue
Reddish brown green
(Purple) blue Blue
Green
blue
Reddish brown

Color Compound under naked eyes
brown
Greenish yellow Greenish yellow Light yellow
brown green
Greenish brown green

Value Rf 0.85
0.88
0.84
0.81
0.85
0.88
0.90
0.90



Thin layer chromatography is usually done for a better identification of bioactive compounds. Different R.f. values of compounds provides an idea about their polarity that may also help in selecting a particular solvent system.
Confirmed (Sonam et al.,2017) in various extracts of leaves of Reinwardtia indica to presence of many phytochemicals, the results of TLC profiling in chloroform and aqueous extract was performed for four important phytochemicals, and presence one spot in each (R.f.0.816 , R.f. 0.737) respectively.
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