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Abstract 
In this study larvicidal activity of extracted essential oil of Kelussia odoratissima (KO) and its major 

component i.e. Z-ligustilide (LIG) were evaluated against Anopheles stephensi and compared with 

together during May 2016. Yield of extraction of essential oil from KO was 0.1% from dried plants. 

Components of essential oil were identified by GC-MS analysis. Z-ligustilide (64.24%), 2-octen-1-ol 

acetate (7.17%), thymol (4.72%), E-ligustilide (4.42%) and eugenol (2.51%) were 5 major components 

of KO. Larvicidal tests were performed in line with WHO guideline. Calculated LC50 and 90% for LIG 

(i.e. 8.73 and 15.70 ppm) higher than total essential oil (i.e. KO: 4.77 & 8.44 ppm). Essential oil has 

more effective than its major components and beside that, has low cost and lower risk in occurrence of 

resistance in different population of mosquito larvae.  
 

Keywords: Larvicidal activity, major component, Kelussia odoratissima, Z-ligustilide & Anopheles 

stephensi 
 

1. Introduction 
More than 17% of all infectious diseases around the word are vector borne disease such as 

malaria, japanese encephalitis, and lymphatic filariasis [1, 2]. Unfortunately, they caused more 

than 1 million death annually; among these diseases, malaria alone caused the death of 429000 

of people just in 2015 [1, 2]. For control of malaria, control of larvae used in 55 countries [2]. 

Continuous use of industrial larvicides such as deltamethrin, malathion and temephos lead to 

environmental pollution and occurring resistance in various population of mosquitos e.g. 

Aedes aegypti, Culex pipiens and Anopheles stephensi [3-5]. Essential oils have been suggested 

as alternative sources due to biodegradability, negligible effects on non-target organisms and 

safety to mammalians and environment [6-8]. In recent years, larvicidal activity of many 

essential oils have been reported, for instance LC50 of Bunium persicum determined at 27.72 

and 20.61 ppm against An. stephensi and Cx. pipiens, respectively [9]. In another study revealed 

that, larvicidal activity of Zhumeria majdae lower than mentioned essential oil; (i.e. LC50 

increased to 61.34 and 88.51 ppm) [10]. There are many efforts were made to control of An. 

stephensi, as the main malaria vector in many parts of the word. For instance reported LC50 of 

many essential oils such as Citrus aurantium and Citrus paradise, Cionura erecta and 

Cupressus arizonica against An. stephensi; i.e. 31.20, 35.71, 77.30 and 79.30 ppm, 

respectively [11-13].  

Essential oil has many components, commonly few components have highest ratio than others. 

Recently, for better development of botanical insecticides, in many researches larvicidal 

activity of essential oil with their major components have been compared. For instance 

larvicidal activity of -pinene and turpentine compared with essential oils of Eucalyptus 

grandis against Aedes aegypti [14]. Similarly, larvicidal activity of Thymol i.e. major 

components of essential oils of Coleus aromaticus and Trachyspermum ammi, compared 

against various population of mosquito [15, 16]. 

LIG or 3-butylidene-4,5-dihydrophthalide is the major component of multitude umbelliferae 

medicinal plants [17-19]. Two important plants in traditional Chinese and Iranian medicine are 

Radix Angelica sinensis and Kelussia odoratissima that practicable to relieved various disease. 

LIG is major ingredients of the both mentioned essential oils [20-23]. In this research, larvicidal 

activity of LIG evaluated against An. stephensi and compared with total extracted essential oil 

of KO.  
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2. Materials and Methods 

2.1 Extraction of essential oil 

Seven Kilo gram of fresh branch tips and leave of KO were 

collected in May 2016 from Chahar Mahal and Bakhtiari 

region, Iran. Plants were dried in shade condition with air 

circulation (decreased weight to 1Kg) and then cut in small 

pieces. In each step 200 g of dried sample subjected to hydro-

distillation, using Clevenger type apparatus for 5h. The 

extracted oil dried over anhydrous sodium sulfate. Percentage 

content of oil was calculated based on plant dry weight and 

essential oil kept in colure container and away from sun lights 

at 4-8 °C [21]. 

 

2.2 Analysis of essential oil by GC-MS 

The GC-MS analyses were done using a 6890 GC system 

coupled with 5973 network mass selective detector (Agilent 

Technologies, Santa Clara, USA). Separation of the 

components of the essential oil was carried out on an HP-5MS 

silica fused columns (30 m length; 0.25 mm i.d; and 0.25 µM 

film thickness 5% phenyl-methylpolysiloxane). The GC-MS 

column temperature was programmed as follows: initial 

temperature was set at 40 °C and fixed for 1 min, then, 

increased with rate of 5 °C/min to final temperature of 250 °C 

and hold for 60 min. Temperature of injection port and 

detector was fixed at 250 and 230 °C, respectively. Other 

instrument parameters were set as, split flow: 25 mL/min, 

septum purge: 6 mL/min and column flow rate: 1 mL/min. 

Helium gas with purity of 99.99% was used as carrier gas. 

Mass spectra were taken at 70 eV ionization energy and full 

scan mode. The scanned mass range was set at 50–350 m/z. 

Components of essential oil were identified by comparison of 

their retention indices (RIs) determined with reference to a 

homologous series of C9–C24 n-alkanes. Firstly, this was 

confirmed by chromatographic injection of available 

analytical standard compounds (C9–C24 n-alkanes) and 

comparison of their retention times with those obtained for 

the essential oil. If standard compounds were not available, 

the identification was carried out by comparison with 

traditional retention indices. The identification was also 

confirmed by comparison of their mass spectra with those 

stored in the Wiley7n.l MS computer library. The linear 

temperature programmed retention indices (RIs) of all the 

constituents were calculated from the gas chromatogram by 

interpolation between bracketing n-alkanes (equation (1).  

RI  Equation 1 

Where z is the number of carbon atoms in the smaller n-

alkane, and tR(i), tR(z) and t are the retention times of the 

desired compound, the smaller n-alkane and the larger n-

alkane, respectively. In addition, the search match factor 

(SMF), rank number (RN) in the mass library, and five 

highest peaks in the mass spectra were prepared and used for 

identification of the components. 

 

2.3 Applied method for evaluation of larvicidal activity  

Required third and fourth instar larvae of An. stephensi were 

obtained from anophelini insectarium, Tehran University of 

Medical Sciences. The larvae are reared constantly at 

recommended condition i.e. 28 ± 2 °C, 12:12 dark and light 

periods and relative humidity of 65 ± 5%. Larvicidal bio 

assay were done in line with WHO recommended test in 

laboratory, with some modifications [24]. Standard solutions of 

each sample were prepared by dissolving in ethanol. By 

adding 0.5% v/v from samples to containers contains no 

chlorine water (199 mL with depth of 8 cm) desired 

concentrations of samples were prepared i.e. 0.63 – 15 and 

1.25 – 25 ppm for KO and LIG, respectively. Homogenized 

containers with separate rubber probe before adding batches 

of 25 larva of An. stephensi by net. Dead larvae were counted 

after 24h of exposing in all concentration. The tests were 

performed in 16 repetitions at 4 different replicates. In each 

replicates 2 control groups were considers that ethanol added 

to those with similar mentioned manner.  

 

2.4 Statistical analysis 

Lethal concentrations (LC) at 50 and 90% of each samples 

(i.e. KO and LIG) were calculated using SPSS software (v 22) 

and probit analysis [21]. In this study, LC50 & 90 of LIG 

compared with KO. Evaluation overlaps between confidence 

intervals (CI) of 2 groups is common way for comparing 

various LC. If overlaps no occurred, imply differences are 

significance [25-27].  

 

3. Result and Discussion 

3.1 Determining components of KO by GC-MS analysis 

Totally, thirty components (96.65%) of essential oil were 

identified by GC-MS analysis. Z-ligustilide (64.24%), 2-

octen-1-ol acetate (7.17%), thymol (4.72%), E-ligustilide 

(4.42%) and eugenol (2.51%) were 5 major components 

(Table 1). Yield of extracted essential oil by hydro-distillation 

from dried KO was 0.1% (w/w).  

Like to this study, LIG were identified as the major 

component of KO in our previous study (77.73%) [28]. And 

also in the literature content of LIG in KO reported in range 

of 49- 86% [29, 30]. LIG (C12H14O2) with molecular weight of 

190.242 g/mol is member of phthalide family, its structure 

drawn by Chem Draw software v 8.0 (Fig. 1).  

 
Table 1: Identified components of essential oil of K. odoratissima using GC-MS analysis. 

 

NO Components RI* % NO Components RI % 

1 Propyl benzene 910 0.25 16 -Humulene 1421 0.21 

2 -Fenchene 921 0.26 17 (Z)-b-Farnesene 1427 0.31 

3 Para-cymene 990 0.31 18 β-Acoradiene 1438 0.37 

4 Limonene 999 0.36 19 Cadina-1,4-Diene 1446 0.27 

5 (E)-b-ocimene 1018 0.61 20 (D)- Germacrene 1453 0.29 

6 ɣ-terpinene 1026 0.31 21 2-Tridecanone 1469 0.27 

7 2-Nonanone 1049 0.32 22 Cuparene 1472 0.43 

8 -Terpinolene 1058 0.21 23 β-Himachalene 1474 1.7 

9 2-octen-1-ol acetate 1256 7.17 24 (Cis)-ɣ-bisabolene 1476 0.51 

10 Thymol 1286 4.72 25 (D)-Cadinene 1489 0.86 

11 Eugenol 1315 2.51 26 Cadina-1(2),4-diene 1502 0.32 

12 -Cubebene 1317 1.93 27 β- Germacrene 1530 0.17 

13 -Copaene 1344 0.51 28 ButylidenePhthalide 1606 1.97 

14 (E)-Caryophyllen 1386 0.65 29 (Z)-Ligustilide 1692 64.24 

15 (cis)-Thujopsene 1400 0.19 30 (E)-Ligustilide 1764 4.42 

* Retention indices 
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Fig 1: Structure of Z-ligustilide. 

 

3.2 Evaluation larvicidal activity of KO in comparison 

with LIG  

Larvicidal activity of LIG against An. stephensi was evaluated 

for the first time; larvicidal activity of LIG began from 2.5 

ppm and increased by increasing the concentration of LIG 

(Figure 2). At concentration of 20 ppm or higher, perfect 

larvicidal activity was seen. Larvicidal activity of KO against 

An. stephensi depicted in Figure 3. Its activity was began from 

1.25 ppm and like to LIG enhance with increasing 

concentration of sample. Achieved full larvicidal activity at 

concentration of 10 ppm and higher. 

Regression equation parameter and lethal concentration of 

samples illustrated in Table 2. LC50 of LIG and KO calculated 

at 4.77 and 8.73 ppm, and their LC90 were 8.44 and 15.7 ppm 

respectively. Since no overlaps between both value (i.e. LC50 

and 90), larvicidal activity of KO significantly better than 

LIG. 

From the literature, insecticidal activities of LIG against 

various groups of insects were evaluated; its LC50 % against 

various biotype of adult silverleaf whitefly (Bemisia tabaci) 

were determined, i.e. biotype B (268 ppm) & biotype Q (254 

ppm) [31]. In addition, its larvicidal activity against common 

fruit fly (Drosophila melanogaster) were proven i.e. LC50% 

2.54 ± 0.19 µmol/mL of diet [32]. LIG has variety of biological 

and pharmacological activities including; reduce vascular 

resistance and protective effect against ischemic brain injury 
[20, 33]. Besides that, extensively used in medicine researches as 

protector agent; against neurotoxicity that caused by β-

amyloid [34] or cisplatin (chemotherapeutic drug) [35]. 

Additionally, its anti-inflammatory effect has been proven in 

numerous studies both in in vivo and in vitro [36-38]. 

LC50 & 90% of KO was reported in our previous study (i.e. 

4.88 and 9.6 ppm) [28], these value comparable with results of 

this study. By regarding these results could be told larvicidal 

activity of KO is repeatable. Another reported application of 

KO are including; using as anti-oxidant [39] and anti- 

inflammatory [40] and prevention of pulmonary hypertension 
[41]. 

 

 
 

Fig 2: Larvicidal activity of z-ligustilide against An. stephensi. 

 

 
 

Fig 3: Larvicidal activity of essential oil of Kelussia odoratissima 

(KO) against An. stephensi.

 
Table 2: Regression equation for larvicidal activity of essential oil of Kelussia odoratissima (KO) and its major component z-ligustilide (LIG) 

against An. stephensi, calculated parameter by probit analysis. 
 

Samples intercept Slope ± Standard error 
larvicidal efficacy, 95% CI (ppm) 

χ2 (df) 
LC50 LC90 

KO -.3.006 4.365 ± 1.14 4.77 (3.68– 6.04) 8.44 (6.96- 11.36) 29.68 (2)* 

LIG -1.607 0.184 ± 0.007 8.73 (6.10– 11.81) 15.7 (12.44- 23.31) 75.761 (4)* 

χ2 = Chi-square, df = degree of freedom, Since significance lower than 0.15, heterogeneity factor is used in the calculation of confidence limits. 

 

In the literature; many comparisons between larvicidal 

activities of essential oils with their major constituents have 

been done. Results were very different; in many research 

larvicidal activities of essential oils better than major 

constituent. For instance; rotundifolone was major component 

(70.95%) of Mentha x villosa Hudson essential oil, larvicidal 

activity of total essential oil against Aedes aegypti (LC50 45 

ppm) significantly better than rotundifolone (LC50 62.5 ppm) 
[42]. In another study larvicidal activities of six species of 

Greece Juniperus family against Culex pipiens were 

evaluated. The most efficient samples was essential oil that 

derived from the wood of Juniperus drupacea (LC50 26.47 

mg/mL), while larvicidal activity of their major constituents 

were 33.83 – 94.88 mg/mL [43]. In another study larvicidal 

activity of -pinene (LC50 15.4 ppm) evaluated against A. 

aegypti. This ingredient is major component in both essential 

oils of Eucalyptus grandis (52%) and turpentine (45%); their 

reported LC50 were 32.4 and 14.7 ppm, respectively [14]. In 

other word, larvicidal activity of -pinene was better than 

essential oil of Eucalyptus grandis and worse than turpentine. 

In some researches, larvicidal activity of major ingredients 

showed better efficacy than total essential oils e.g. Thymol is 
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major components of essential oils of Coleus aromaticus 

(82.68%) and Trachyspermum ammi (66.96%) [15, 16]. 

Calculated LC50 for Thymol against Culex tritaeniorhynchus, 

Aedes albopictus, Anopheles subpictus were 28, 24, 22 ppm 

respectively, while correspond value in for essential oil of 

Coleus aromaticus increased to 72, 67 and 60 ppm 

respectively. And also, larvicidal activity of Thymol against 

An. stephensi (LC50 48 μg/mL) was better than total essential 

oil of Trachyspermum ammi (LC50 80 ppm). 

Synergistic effects in constituents of essential oils were 

acceptable in usage them as anti-fungal and anti-bacterial 

agent [44, 45]. By considering results of previous mentioned 

researches and this research, it seems this effect also occurs in 

larviciding purpose.  

Besides, occurring resistance to larvicides was mostly seen in 

formulations with one active agent in comparison with those 

having multi components [46-49]. Essential oils have many 

constituents with different mode of action e.g. main site 

action of flavonoids, oleic acid, and palmitic acid is 

acetylcholinesterase [50] while alkaloids have rapid 

knockdown effect [8].  

 

4. Conclusion 

The present study concluded that using essential oils as 

larvicides beside the lower LC50 or 90% have many 

advantages in contrast to their major components. Preparing 

in much lower cost than extraction or synthesis of major 

components and reducing the risk of resistance. 

 

5. Acknowledgment 

This research was supported by Tehran University of Medical 

Sciences & health Services grant No. 95-01-87-31860. 

 

6. Conflict of Interest 

There is no conflict of interest to the authors. 

 

7. References 

1. WHO WHO. Vector-borne diseases fact sheet: WHO; 

2017 [cited February 2016 2017]. Available from: 

http://www.who.int/mediacentre/factsheets/fs387/en/. 

2. WHO WHO. World Malaria Report 2016 2016. 

Available from:  

http://apps.who.int/iris/bitstream/10665/252038/1/978924

1511711-eng.pdf?ua=1. 

3. Ma K, Li X, Hu H, Zhou D, Sun Y, Ma L et al. 

Pyrethroid-resistance is modulated by miR-92a by 

targeting CpCPR4 in Culex pipiens pallens. Comparative 

biochemistry and physiology Part B, Biochemistry & 

molecular biology. 2017; 203:20-4. 

4. Goindin D, Delannay C, Gelasse A, Ramdini C, Gaude T, 

Faucon F et al. Levels of insecticide resistance to 

deltamethrin, malathion, and temephos, and associated 

mechanisms in Aedes aegypti mosquitoes from the 

Guadeloupe and Saint Martin islands (French West 

Indies). Infectious diseases of poverty. 2017; 6(1):38. 

5. Safi NH, Ahmadi AA, Nahzat S, Ziapour SP, Nikookar 

SH, Fazeli-Dinan M et al. Evidence of metabolic 

mechanisms playing a role in multiple insecticides 

resistance in Anopheles stephensi populations from 

Afghanistan. Malaria journal. 2017; 16(1):100. 

6. Liu XC, Liu Q, Chen XB, Zhou L, Liu ZL. Larvicidal 

activity of the essential oil from Tetradium glabrifolium 

fruits and its constituents against Aedes albopictus. Pest 

management science. 2015; 71(11):1582-6. 

7. Regnault-Roger C, Vincent C, Arnason JT. Essential oils 

in insect control: low-risk products in a high-stakes 

world. Annual review of entomology. 2012; 57:405-24. 

8. Isman MB. Botanical insecticides, deterrents, and 

repellents in modern agriculture and an increasingly 

regulated world. Annual review of entomology. 2006; 

51:45-66. 

9. Sanei-Dehkordi A, Vatandoost H, Abaei MR, Davari B, 

Sedaghat MM. Chemical Composition and Larvicidal 

activity of Bunium persicum Essential Oil Against Two 

Important Mosquitoes Vectors. Journal of Essential Oil 

Bearing Plants. 2016; 19(2):349-57. 

10. Sanei-Dehkordi A, Soleimani-Ahmadi M, Akbarzadeh K, 

Salim Abadi Y, Paksa A, Gorouhi MA et al. Chemical 

Composition and Mosquito Larvicidal Properties of 

Essential Oil from Leaves of an Iranian Indigenous Plant 

Zhumeria majdae. Journal of Essential Oil Bearing 

Plants. 2016; 19(6):1454-61. 

11. Sanei-Dehkordi A, Sedaghat MM, Vatandoost H, Abai 

MR. Chemical Compositions of the Peel Essential oil of 

Citrus aurantium and Its Natural Larvicidal activity 

against the Malaria Vector Anopheles stephensi (Diptera: 

Culicidae) in Comparison with Citrus paradisi. Journal 

of Arthropod-Borne Diseases. 2016; 10(4):577. 

12. Mozaffari E, Abai MR, Khanavi M, Vatandoost H, 

Sedaghat MM, Moridnia A et al. Chemical Composition, 

Larvicidal and Repellency Properties of Cionura erecta 

(L.) Griseb. Against Malaria Vector, Anopheles stephensi 

Liston (Diptera: Culicidae). Journal of arthropod-borne 

diseases. 2014; 8(2):147. 

13. Sedaghat MM, Dehkordi AS, Khanavi M, Abai MR, 

Mohtarami F, Vatandoost H. Chemical composition and 

larvicidal activity of essential oil of Cupressus arizonica 

E.L. Greene against malaria vector Anopheles stephensi 

Liston (Diptera: Culicidae). Pharmacognosy research. 

2011; 3(2):135-9. 

14. Lucia A, Gonzalez Audino P, Seccacini E, Licastro S, 

Zerba E, Masuh H. Larvicidal effect of Eucalyptus 

grandis essential oil and turpentine and their major 

components on Aedes aegypti larvae. Journal of the 

American Mosquito Control Association. 2007; 

23(3):299-303. 

15. Pandey SK, Upadhyay S, Tripathi AK. Insecticidal and 

repellent activities of thymol from the essential oil of 

Trachyspermum ammi (Linn) Sprague seeds against 

Anopheles stephensi. Parasitology research. 2009; 

105(2):507-12. 

16. Govindarajan M, Sivakumar R, Rajeswary M, 

Veerakumar K. Mosquito larvicidal activity of thymol 

from essential oil of Coleus aromaticus Benth. against 

Culex tritaeniorhynchus, Aedes albopictus, and 

Anopheles subpictus (Diptera: Culicidae). Parasitology 

research. 2013; 112(11):3713-21. 

17. Kuang X, Du J-R, Chen Y-S, Wang J, Wang Y-N. 

Protective effect of Z-ligustilide against amyloid β-

induced neurotoxicity is associated with decreased pro-

inflammatory markers in rat brains. Pharmacology 

Biochemistry and Behavior. 2009; 92(4):635-41. 

18. Mao L, Chaode Z, Qingmin S, Qicheng F. Chemical 

studies of Angelica sinensis. Acta Pharmaceutica Sinica. 

1979; 14:529-34. 

19. Naito T, Ikeya Y, Okada M, Mistuhashi H, Maruno M. 

Two phthalides from Ligusticum chuanxiong. 

Phytochemistry. 1996; 41(1):233-6. 

20. Chen T, Zhu X, Chen Q, Ge M, Jia X, Wang X et al. 

Interaction between Z-ligustilide from Radix Angelica 



 

~ 615 ~ 

Journal of Entomology and Zoology Studies 
 

sinensis and human serum albumin. Food chemistry. 

2015; 186:292-7. 

21. Vatandoost H, Dehkordi AS, Sadeghi S, Davari B, 

Karimian F, Abai M et al. Identification of chemical 

constituents and larvicidal activity of Kelussia 

odoratissima Mozaffarian essential oil against two 

mosquito vectors Anopheles stephensi and Culex pipiens 

(Diptera: Culicidae). Experimental parasitology. 2012; 

132(4):470-4. 

22. Zhao LX, Jiang BC, Wu XB, Cao DL, Gao YJ. 

Ligustilide attenuates inflammatory pain via inhibition of 

NFκB‐mediated chemokines production in spinal 

astrocytes. European Journal of Neuroscience. 2014; 

39(8):1391-402. 

23. Mozaffarian V. Two new genera of Iranian Umbelliferae. 

Botanical Journal. 2003; 88(2):88-94. 

24. WHO WHO. Guidelines for laboratory and field testing 

of mosquito larvicides 2005. Available from: 

http://apps.who.int/iris/bitstream/10665/69101/1/WHO_

CDS_WHOPES_GCDPP_2005.13.pdf. 

25. Schenker N, Gentleman JF. On judging the significance 

of differences by examining the overlap between 

confidence intervals. The American Statistician. 2001; 

55(3):182-6. 

26. Wheeler MW, Park RM, Bailer AJ. Comparing median 

lethal concentration values using confidence interval 

overlap or ratio tests. Environmental toxicology and 

chemistry. 2006; 25(5):1441-4. 

27. Ali A, Demirci B, Kiyan HT, Bernier UR, Tsikolia M, 

Wedge DE, et al. Biting deterrence, repellency, and 

larvicidal activity of Ruta chalepensis (Sapindales: 

Rutaceae) essential oil and its major individual 

constituents against mosquitoes. Journal of medical 

entomology. 2013; 50(6):1267-74. 

28. Vatandoost H, Sanei Dehkordi A, Sadeghi SM, Davari B, 

Karimian F, Abai MR et al. Identification of chemical 

constituents and larvicidal activity of Kelussia 

odoratissima Mozaffarian essential oil against two 

mosquito vectors Anopheles stephensi and Culex pipiens 

(Diptera: Culicidae). Experimental parasitology. 2012; 

132(4):470-4. 

29. Raeisi S, Mirjalili MH, Nadjafi F, Hadian J. Variability in 

the essential oil content and composition in different 

plant organs of Kelussia odoratissima Mozaff. 

(Apiaceae) growing wild in Iran. Journal of Essential Oil 

Research. 2015(ahead-of-print):1-6. 

30. Mirhosseini F, Rahimmalek M, Pirbalouti AG, Taghipoor 

M. Effect of different drying treatments on essential oil 

yield, composition and color characteristics of Kelussia 

odoratissima Mozaff. Journal of Essential Oil Research. 

2015; 27(3):204-11. 

31. Chae S-H, Kim S-I, Yeon S-H, Lee S-W, Ahn Y-J. 

Adulticidal Activity of Phthalides Identified in Cnidium 

officinale Rhizome to B-and Q-Biotypes of Bemisia 

tabaci. Journal of agricultural and food chemistry. 2011; 

59(15):8193-8. 

32. Miyazawa M, Tsukamoto T, Anzai J, Ishikawa Y. 

Insecticidal effect of phthalides and furanocoumarins 

from Angelica acutiloba against Drosophila 

melanogaster. Journal of agricultural and food chemistry. 

2004; 52(14):4401-5. 

33. Yin J, Wang C, Mody A, Bao L, Hung S-H, Svoronos SA 

et al. The effect of Z-ligustilide on the mobility of human 

glioblastoma T98G cells. PLoS One. 2013; 8(6):66598. 

34. Xu W, Yang L, Li J. Protection against beta-amyloid-

induced neurotoxicity by naturally occurring Z-ligustilide 

through the concurrent regulation of p38 and PI3-K/Akt 

pathways. Neurochemistry international. 2016; 100:44-

51. 

35. Bunel V, Antoine M-H, Nortier J, Duez P, Stévigny C. 

Nephroprotective effects of ferulic acid, Z-ligustilide and 

E-ligustilideisolated from Angelica sinensis 

againstcisplatin toxicity in vitro. Toxicology in vitro, 

2015. 

36. Ma Z, Bai L. The anti-inflammatory effect of Z-

Ligustilide in experimental ovariectomized osteopenic 

rats. Inflammation. 2012; 35(6):1793-7. 

37. Chung JW, Choi RJ, Seo EK, Nam JW, Dong MS, Shin 

EM et al. Anti-inflammatory effects of (Z)-ligustilide 

through suppression of mitogen-activated protein kinases 

and nuclear factor-kappaB activation pathways. Archives 

of pharmacal research. 2012; 35(4):723-32. 

38. Ma Z, Bai L. Anti-inflammatory effects of Z-ligustilide 

nanoemulsion. Inflammation. 2013; 36(2):294-9. 

39. Shaykhi AH, Nassiry BM, Kachouei MA. Effect of Some 

Treatments on Seed Dormancy, Germination and 

Antioxidant Enzymes of Kelussia odoratissima Mozaff. 

Seeds. Cercetari Agronomice in Moldova. 2015; 

48(2):79-90. 

40. Kheirabadi KP, Dehkordi SS, Kheibari P. Effect of 

Kelussia odoratissima Mozaff essential oil on 

promastigot form of Leishmania major (in vitro). Journal 

of HerbMed Pharmacology. 2015; 4(1). 

41. Ahmadipour B, Hassanpour H, Asadi E, Khajali F, Rafiei 

F, Khajali F. Kelussia odoratissima Mozzaf–A promising 

medicinal herb to prevent pulmonary hypertension in 

broiler chickens reared at high altitude. Journal of 

ethnopharmacology. 2015; 159:49-54. 

42. Lima TC, da Silva TK, Silva FL, Barbosa-Filho JM, 

Marques MO, Santos RL et al. Larvicidal activity of 

Mentha x villosa Hudson essential oil, rotundifolone and 

derivatives. Chemosphere. 2014; 104:37-43. 

43. Vourlioti-Arapi F, Michaelakis A, Evergetis E, 

Koliopoulos G, Haroutounian SA. Essential oils of 

indigenous in Greece six Juniperus taxa: chemical 

composition and larvicidal activity against the West Nile 

virus vector Culex pipiens. Parasitology research. 2012; 

110(5):1829-39. 

44. Samber N, Khan A, Varma A, Manzoor N. Synergistic 

anti-candidal activity and mode of action of Mentha 

piperita essential oil and its major components. 

Pharmaceutical biology. 2015; 53(10):1496-504. 

45. Wongsariya K, Phanthong P, Bunyapraphatsara N, 

Srisukh V, Chomnawang MT. Synergistic interaction and 

mode of action of Citrus hystrix essential oil against 

bacteria causing periodontal diseases. Pharmaceutical 

biology. 2014; 52(3):273-80. 

46. Worthington RJ, Melander C. Combination approaches to 

combat multidrug-resistant bacteria. Trends in 

biotechnology. 2013; 31(3):177-84. 

47. Araujo AF, Ribeiro-Paes JT, Deus JT, Cavalcanti SC, 

Nunes Rde S, Alves PB et al. Larvicidal activity of 

Syzygium aromaticum (L.) Merr and Citrus sinensis (L.) 

Osbeck essential oils and their antagonistic effects with 

temephos in resistant populations of Aedes aegypti. 

Memorias do Instituto Oswaldo Cruz. 2016; 111(7):443-

9. 

48. Intirach J, Junkum A, Tuetun B, Choochote W, 

Chaithong U, Jitpakdi A et al. Chemical constituents and 

combined larvicidal effects of selected essential oils 



 

~ 616 ~ 

Journal of Entomology and Zoology Studies 
 

against Anopheles cracens (Diptera: Culicidae). Psyche: 

A Journal of Entomology. 2012, 2012. 

49. Okumu FO, Knols BG, Fillinger U. Larvicidal effects of 

a neem (Azadirachta indica) oil formulation on the 

malaria vector Anopheles gambiae. Malaria journal. 

2007; 6(1):63. 

50. Perumalsamy H, Jang MJ, Kim J-R, Kadarkarai M, Ahn 

Y-J. Larvicidal activity and possible mode of action of 

four flavonoids and two fatty acids identified in Millettia 

pinnata seed toward three mosquito species. Parasites & 

vectors. 2015; 8(1):237. 

  


