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Abstract

Plants extracts have been used as alternative sources of mosquito control since the ancient time prior to the
development of synthetic pesticides due to the presence of repellent properties against insects. Anopheles
gambiae mosquito is the vectors of Malaria disease in Tropical and Subtropical Africa, and the present
practice of using synthetic pesticides to control the vector have results in the development of resistance by
the mosquitoes and the pesticides causes environmental pollution and damages the ecosystem. The aim of
this study was to evaluate the adulticidal activities of some plant species against Anopheles gambiae. The
results of the Phytochemical analysis showed that, Anthroquinones, Soluble Steroids and Tannis are
present in Jatropha curcas while Adansonia digitata possesses Saponins, Flavonoids, Anthroquinones and
Tannins. C. citrates was reported to be possessing Flavonoids, Soluble starch and Tannins and was mostly
reported plants to be possessing higher insecticidal properties against mosquitoes. Zingiber officinale was
found possessing Saponins, Alkaloids and Tannins and finally, the Lausonia inermis possessng only
Anthroquinones and Alkaloids. The results of the adulticidal activities shows the Jatropha curcas causes
the highest mortality at 87% of An. gambiae among the plant extracts tested in this study at the highest
concentrations of 20mg/ml at the lowest LC50 value of 4.217mg/ml and LC90 of 15.76mg/ml respectively
and the plant with the lowest was Z. officinale with the highest mortality of 21% and the highest LC50 of
6710.051mg/ml respectively. We conclude that, these plants extracts can be used as alternative
bioinsecticides for An. gambiae, a Malaria vector control to reduce the Malaria burden in the study area
that annually causes significant death and overwhelm the health facilities.
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Introduction

Plant extracts have been used as alternative sources of mosquito control since the ancient time
prior to the development of synthetic insecticides due to the presence of repellent properties
against insects M. The presence of plants phytochemicals are responsible factors for their
bioactivities against wide range of insects, mites and ticks at variable doses [?. Plants extracts
have been predicted to be the future of mosquito control against various vector borne infectious
diseases of public health importance that have become prevalent in Africa, southeast Asia and
the Europe 1. Malaria disease is caused by a protozoan parasite of the genus plasmodium and
transmitted through the bites of infected female Anopheles mosquitoes causing severe morbidity
and mortality. Africa bears the global major burden of the disease accounting for over 80% of
the annual cases and more than 90% of the accumulated death 1. Over one million of cases and
estimated death of over 300,000 are reported annually from Africa due to lack of effective and
sustainable Malaria control strategy and drug supply B! An. gambiae mosquitoes are the most
abundant vectors of malaria occurring in Africa and in Nigeria, this specie is mostly found
among the members of the An. gambiae complex comprising of An. gambiae, An. arabiansis
and An. funestus serving as the major vectors of Malaria transmission [€l. The two species, An.
gambiae and An. arabiensis are the most abundant malaria vector in Northern Nigeria that is
annually faced with the challenges of malaria sickness and death particularly during the rainy
season due to the poor drainage and abundant breeding grounds for the malaria vectors '], The
control of Malaria vector was largely due to the application of chemical insecticides approved
by World Health Organization for mosquito vector control namely, Organochloring,
Organophosphate, Pyrethroids and Carbamates (1.
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However, An. gambiae mosquitoes have since developed
resistance to these insecticides particularly Organochlorines
and Pyrethroids, making it more difficult to control ! and there
accumulation damages the ecosystem affecting the aquatic
plants and animals I hence, demanding for an alternative
means of Malaria vector control using Plants extracts that are
environmentally friendly and safe to the ecosystem and the
aquatic communities of plants and animals ', Previous studies
shows that plants extracts have caused inhibition in growth,
pupation and adults emergence at low concentrations of
methanol extracts of Azadiracta indica, Syzygium aromaticum
and Rhazya stricta against Culex pipiens [2. Adulticidal
potentials of plants extracts have also been demonstrated in
some Malaysian plants and shows higher mortality at LC50
doses after 24hrs [, Medicinal plants also shows moderate
high insecticidal properties and records higher mortality
against mosquitoes in leaf as well as berk extracts from
different chemicals [*4],

Therefore, this research was conducted due to the annual
reported cases of Malaria transmitted by An. gambiae in the
study area that annually causes significant death and
overwhelm the health facilities.

Justification

Anopheles gambiae is one of the vectors of malaria in Tropical
and Subtropical Africa, and the present practice of using
synthetic chemical pesticide to control the vector have results
in developing a serious resistance to chemicals such as
Organochlorines and Pyrethroids causing environmental
pollution and damaging the ecosystem. Hence, there is need for
provision of an alternative means of controlling the population
of Anopheles gambiae that will be environmentally safe and
support the ecosystem. Therefore, this research is a step
forward in providing alternative ways in the control of the
population of Anopheles gambiae using World Health
Organisation protocol for Malaria vector susceptibility and
base line testing.

Aim
The aim of this study was to evaluate the adulticidal activities
of some selected plant species against Anopheles gambiae.

Objectives

1. Toidentify and extract the selected plant species.

2. Todetermine the adulticidal activities of the selected plant
species.

Materials and Methods

Plants Samples

The selected plants are Jatropha curcas (Bini dazugu),
Adansonia digitata (Kuka), Cymbopogon citrus (Tsabrin
kamshi) and Zingiber officinale (Citta) Lawsonia inermis
(Lalle) against Anopheles gambiae. Jatropha curcas.

Plants Sample Preparation and Study Location

The samples of the study were purchased from the commercial
sellers at the Potiskum Central Market, except Jatropha curcus
which was supplied from outside Potiskum. The plants were
shed-dried and grinds to powder using electric blender in
Potiskum. Potiskum is the commercial Local Governments of
Yobe State and is located at 11° 43°N 11°04°E and 11.717° N
and 11.067°E. It has an area of 559 square kilometer in Yobe
State, it is also located in the Northeastern part of Nigeria at 12°
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00N, 11°3°E and 12.00° N, 11.500° E of the meridian. (216
sgmi).

WHO Bioassay Kit supply

The World Health Organization kit for susceptibility of
insecticides testing was purchased, supplied at the Vector
Control Research Unit of Universiti Sains Malaysia dated 13™

August, 2018 with the Reference number
WHO/VCRU/179/2018-R1 and GST No. CBP:
001408204800.

Table 1: Plants samples, their common names and the parts used

SIN Plants Name Common Name | Part used
1 Jatropha curcas Bini da zugu Leaf
2 Adansonia digitata Kuka Leaf
3 | Cymbopogon citratus | Tsabarin kamshi Leaf
4 Zingiber officinale Citta Leaf
5 Lausonia nermis Lalle Leaf

Plant Extraction and Phytochemical Screening

The plant leaves extraction was conducted using Soxhlet
extractor by sonification and screened for the presence of
phytochemicals and secondary metabolites at the Biochemistry
Department Laboratory Bayero University Kano, Nigeria. The
crude extracts were also concentrated using Rotary Evaporator.
Each plant was extracted using Ethanol as a solvent according
to the method adopted by 31,

Anopheles gambiae mosquito

An. gambiae mosquito larvae were collected from various
breeding grounds in Potiskum Local Govt. Area, Yobe Sate
Nigeria and environs and were reared to the adults for bioassay.
Other species such as Culex quinquefasciatus found breeding
together with An. gambiae were discarded after collection.

Adulticidal Bioassay

The adult mosquito adulticidal bioassay using plant extracts
were conducted following the procedure ! Plants extracts were
mixed and dissolved with acetone at various concentrations of
10mg/ml, 15mg/ml and 20mg/ml. 2.5ml of test concentrations
were impregnated to No.1 Whatman filter paper sized (12 x
15cm). Ethanol was also impregnated to No.1 Whatman filter
paper as a negative control in each plant bioassay. The extracts
impregnated in the papers were allowed to air dried for 5
minutes before putting into the exposure tube. Twenty 2-5day
old, female mosquitoes starved from blood were introduced to
the holding tube and allowed for 1 hour. The testing mosquitoes
were later moved by gentle blowing back to the holding tube to
recover after 1 hour exposure period. 10% glucose solution
soaked in cotton were placed on the mesh of each tube to feed
the surviving mosquitoes. At the end of the 24 hours period of
recovery, the death mosquitoes were recorded and the
percentage mortality were calculated for each extract tested.

Statistical analysis
The adult percentage (%) mortality was calculated using the
standard formular as

% mortality = Total number of death mosquitoes X 100
Total Number of all mosquitoes

and the test with more 20% control mortality were discarded
while those with less than 20% control mortality were corrected
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using Abbott formular according to ©:

Corrected mortality = % mortality - % control mortality X 100
100 - % control mortality

Statistical package, SPSS version 20.4 software was used,
LC50 and the LC90 together with the upper, lower confidence
limits and the chi-square (X?) were also calculated. Results
with P<0.05 were considered statistically significant.

Results
The results of the Phytochemical screening of the adulticidal
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activities of the selected plants extracts were presented in
(Table 2) below. The phytochemicals present in Jatropha
curcas were Anthroquinones, Soluble Steroids, and Tannis
while Adansonia digitata possesses Saponins, Flavonoids,
Anthroquinones and Tannins. C. citrates was reported to be
possessing Flavonoids, Soluble starch and Tannins and was
mostly reported plants to be possessing higher insecticidal
properties against mosquitoes. Zingiber officinale was found
possessing Saponins, Alkaloids and Tannins and finally, the
Lausonia nermis was reported possessing only Anthroquinones
and Alkaloids respectively.

Table 2: Various Phytochemicals presents in the selected plants species

Phytochemicals
Plant extracts Saponins | Flavonoids | Terpenoid | Anthroquinone | Soluble starch | Steroids | Alkaloids | Tannins
Jatropha curcas _ _ _ + _ + _ +
Adansonia digitata + + _ + _ _ _ +
C. citrates _ + _ + _ _ +
Zingiber officinale + _ _ _ _ _ + +
Lausonia nermis _ _ + _ _ + _

(+) = present, () = Negative _

The results of the adulticidal activities of the plants extracts
presented (Table 3). Jatropha curcas shows the highest
adulticidal activities at 87% mortality of An. gambiae among
the plant extracts tested in this study at the highest
concentrations of 20mg/ml. it also shows a good activity of
64% mortality at 10mg/ml and at the least concentration of
5mg/ml it also shows a significant activity of 53% mortality.
The estimated LC50 was 4.217mg/ml and LC90 of 15.76mg/ml
respectively. C. citratus extract also demonstrated the mortality
of An. gambiae at 66% at the concentration highest of 20mg/ml
at 10mg/ml, it also shows mortality of An. gambiae at 42%

while the mortality recorded at the least concentration of
5mg/ml was very low compared with Jatropha curcus which
recorded 53% at the lowest concentration. Adansonia digitata
also shows activity towards An. gambiae at the highest
mortality of 54% at the highest concentration and the least at
23%. The remaining Z. officinale and Lausonia inermis were
having the least activity at 21% and 43% at the highest
concentrations of 20mg/ml. However, Lausonia inermis have a
good activity of 34% and 15% mortality at 15mg/ml and
10mg/ml respectively.

Table 3: The Adulticidal activities of plants extracts against An. gambiae after 24hrs exposure period

SIN Plant extract Concentration (mg/ml) Mean + S.E (%) Mortality LCso LCg0 X2

Control 0.0£0.0 0
5 15.6+5.17 53

1 Jatropha curcas 10 513181 64 4.217 15.76 33.372
20 23.7+4.62 87
Control 0.0£0.0 0
o 5 13.0+4.12 23

2 Adansonia digitata 10 1874352 3 18.432 45.32 8.356
20 25.3+6.51 54
Control 0.0£0.0 0
. 5 3.0+0.60 8

3 C. citratus 10 £ 020.87 12 28.074 88.067 7.645
20 11.5+0.64 66
Control 0.0+0.0 0
- 5 5.2+0.71 13

4 Z. officinale 10 6.420.57 18 6710.051 4.2421+111 6.835
20 9.0+1.29 21
Control 0.0£0.0 0
- . 5 4.7+0.25 15

5 Lausonia inermis 10 9.5+0.84 3 46.389 98.383 5.018
20 21.5+2.65 43

LC= Lethal Concentration, SE= Standard Error, X2 =Chi square

Discussion

The findings of this study reveals that the extract of Jatropha
curcas showed the highest adulticidal activity of 87% of
mortality and LC50 value of 4.2mg/ml against An. gambiae
tested, The result was in agreement with the findings of the
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study by (61 with a methanol extract of Jatropha curcus against
Culex quinquefasciatus showing highest mortality at the LC50
value of 1.2%. This broad activity of J. curcas against various
mosquito vectors could be attributed to the presence of
Anthroquinone, steroids and ternins when extracted with
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ethanol. It is also in close agreement with findings of the study
on the adulticide activity of J. curcas against adult house flies,
Musca domestica at LC50 of 4.5mg/cm® with the higher
percentage of trans-phytol as the major component of the
phytochemicals and secondary metabolites responsible for its
insecticidal properties 71, The ethanol extract of J. curcas was
also effective against tick of the genus Rhipicephalus annulatus
showing inhibition in the hatching of the laid egg of the treated
tick 81,

Adansonia digitata shows potency towards An. gambiae with
an estimated LC50 of 18.4mg/ml and LC90 of 45.3mg/ml in
this study. These findings are in agreement with findings of the
study conducted using n-hexane extract of A. digitata against
the Culex quinquefasciatus larvae. The study further founds the
presence of all the phytochemicals obtained in this study as
could be responsible for the higher mortality of the mosquitoes
(191, The same phytochemicals also obtained in the other study
using three different plants extracts including A. digitata
against the larval stage of Ae. aegypti and causes 100%
mortality of the larvae 9. The insecticidal activities of A.
digitata was not surprising as the plant have been used for
medicinal, chemo preventive, antiviral and preventives for
human and various animal models using some parts of the
plants mostly leaves and barks 2% 23],

C. citratus was one of the plants earlier explored for
insecticidal activities against mosquitoes due to its scents and
was previously used in the olden ages as insects repellent 241,
The activity of C. citratus at the estimated LC50 28.074mg/ml
in this study matched with the findings of the study of I who
synthesized nanoparticles of gold from the leaves of A. digitata
against the larvae of An. stephensi and Ae. aegypti and found it
much effective against Ae. aegypti at percentage mortality of
almost the same with this study. In a recent study, the essential
oils of C. citratus was very effective against the larvae of Ae.
aegypti in Vietnam at higher LC50 of 38.8mg/L, almost the
same found in this study even though the study did not shows
the screened phytochemicals presence in the anhydrous sodium
sulfate extracts, as the presence of the phytochemicals depends
on the extracting solvent %1 which could be responsible for the
efficacy of the C. citratus extract against Aedes aegypti 1261,
Several studies have reported the insecticidal activities of this
plant extracts on insects such as Musca domestica and different
mosquitoes and several other flying arthropods and found it
effective on adulticides, repellent and inhibition of life cycle
developmental stages [?71.

Z. officinale is an active insecticide repellent according to the
several studies particularly in stored products study due to the
presence of heptanol, heptyl acetate and linalool, it was also
effective against the Maize known pest, a Coleoptera,
Prostephanus truncatus that causes much damage to the cereal.
It repels and causes adults emergence inhibition in treated
Maize, it also cause oviposition deterrent in An. stepensi, Culex
quinquefasciatus and Ae. aegypti but not effective in adulticidal
activity as shown in this study -39, That also could be the
cause of its higher estimate LC50 value in this study.
Moreover, it was also reported to be effective against the larval
stage of the Ae. agypti causing higher mortality at the same
concentration used in the study B4,

Lausonia inermis is also used for treatment as antimicrobial
and anticancer when formulated with ZnO as nanoparticle
according to the recent study B2 but it is an effective larvicide
against Malaria vector, An. stephensi %, It shows adulticidal
activity in this study at the LC50 of 46.389mg/ml which was in
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agreement with findings of its activity against Red flour beetle
causing higher mortality 4. It was also in agreement with the
study by B which reported the significant mortality of Culex
quinquefasciatus larvae treated by L. inermis as a source of
biocontrol of the filarial vector in Nigeria.

Conclusion

All the plants used in this study showed adulticidal activities at
various concentrations and at various LC50 and LC90 with J.
curcas showing the highest mortality at a very low Lethal
Concentration doses as opposed to Z. officinale having the least
efficacy against An. gambiae. The findings of this study also
support the previous findings showing the presence of various
phytochemical in the different plants extracted with ethanol.
Hence, these plants extracts can be used as alternative
insecticides for An. gambiae, a Malaria vector control to further
reduced the Malaria burden in the study area that annually
causes significant death and overwhelm the health facilities.

Conflict of interest
The authors have agreed and declared that there were no
conflicts of interest among them.

Acknowledgement

The study was financed by the Grant of the Tertiary Education
Trust Fund (Tetfund) on the Institution Based Research Grand
(TETFUND/IBR/2017) allocation awards of the Federal
Collage of Education (Technical) Potiskum. Yobe State
Nigeria.

References

1. Govindarajan M. Evaluation of indigenous plant extracts
against the malarial vector, Anopheles stephensi (Liston)
(Diptera: Culicidae), Parasitol. Res 2011;109(1):93-103.

2. Regnault-Roger C, Hamraoui A, Holeman M, Theron E,
Pinel R. Insecticidal effect of essential oils from
mediterranean plants upon Acanthoscelides obtectus Say
(Coleoptera, Bruchidae), a pest of kidney bean (Phaseolus
vulgaris L.) J Chem. Ecol 1993;19(6):1233-1244.

3. Chowdhury N, Ghosh A, Chandra G. Mosquito larvicidal
activities of Solanum villosum berry extract against the
dengue vector Stegomyia aegypti, BMC Complement.
Altern. Med 2008;8(1):1-8.

4. Papaioannou I, Utzinger J, Vounatsou P. Malaria-anemia
comorbidity prevalence as a measure of malaria-related
deaths in sub-Saharan Africa, Sci. Rep 2019;9(1):1-9.

5. Breman JG, Egan A, Keusch GT. The intolerable burden
of malaria: A new look at the numbers, in The Intolerable
Burden of Malaria: A New Look at the Numbers:
Supplement to Volume of the American Journal of
Tropical Medicine and Hygiene, American Society of
Tropical Medicine and Hygiene 2001;64(1).

6. Coluzzi M, Sabatini A, Petrarca V, Di Deco MA.
Chromosomal differentiation and adaptation to human
environments in the Anopheles gambiae complex, Trans.
R. Soc. Trop. Med. Hyg 1979;73(5):483-497.

7. Onyabe DY, Conn JE. The distribution of two major
malaria vectors, Anopheles gambiae and Anopheles
arabiensis, in Nigeria, Mem. Inst. Oswaldo Cruz
2001;96(8):1081-1084.

8. Organization WH. Test procedures for insecticide
resistance monitoring in malaria vector mosquitoes 2016.

9. Awolola TS, Oduola OA, Strode C, Koekemoer LL,


http://www.dipterajournal.com/

International Journal of Mosquito Research

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Brooke B, Ranson H. Evidence of multiple pyrethroid
resistance mechanisms in the malaria vector Anopheles
gambiae sensu stricto from Nigeria, Trans. R. Soc. Trop.
Med. Hyg 2009;103(11):1139-1145.

Mahmood I, Imadi SR, Shazadi K, Gul A, Hakeem KR.
Effects of pesticides on environment, in Plant, soil and
microbes, Springer 2016, 253-269.

Ghosh A, Chowdhury N, Chandra G. Plant extracts as
potential mosquito larvicides, Indian J Med. Res
2012;135(5):581.

El Hag EA, El Nadi AH, Zaitoon AA. Toxic and growth
retarding effects of three plant extracts on Culex pipiens
larvae (Diptera: Culicidae), Phyther. Res 1999;13(5):388-
392.

Hidayatulfathi O, Sallehuddin S, Ibrahim J. Adulticidal
activity of some Malaysian plant extracts against Aedes
aegypti Linnaeus, Trop Biomed 2004;21(2):61-67.
Kamaraj C, Rahuman AA. Larvicidal and adulticidal
potential of medicinal plant extracts from south India
against vectors. Asian Pac. J Trop. Med 2010;3(12):948-
953.

Bukar A, Tukur Z. Adulticidal potentials of
dichloromethane extracts of some selected plant leaves
against culex mosquitoes. Bayero J Pure Appl. Sci
2017;10(2):38-42.

Kovendan K, Murugan K, Vincent S, Kamalakannan S.
Larvicidal efficacy of Jatropha curcas and bacterial
insecticide, Bacillus thuringiensis, against lymphatic
filarial vector, Culex quinquefasciatus Say (Diptera:
Culicidae), Parasitol. Res 2011;109(5):1251-1257.
Chauhan N, Kumar P, Mishra S, Verma S, Malik A,
Sharma S. Insecticidal activity of Jatropha curcas extracts
against housefly, Musca domestica, Environ. Sci. Pollut.
Res 2015;22(19):14793-14800.

Juliet S et al., Jatropha curcas (Linn) leaf extract: a
possible alternative for population control  of
Rhipicephalus (Boophilus) annulatus, Asian Pacific J
Trop. Dis 2012;2(3):225-229.

Krishnappa K, Elumalai K, Dhanasekaran S,
Gokulakrishnan J. Larvicidal and repellent properties of
Adansonia digitata against medically important human
malarial vector mosquito Anopheles stephensi (Diptera:
Culicidae), J Vector Borne Dis 2012;49(2):86.

Musau JK, Mbaria JM, Nguta JM, Mathiu M, Kiama SG.
Phytochemical composition and larvicidal properties of
plants used for mosquito control in Kwale County, Kenya
2016.

Adeoye A, Bewaji CO. Chemopreventive and remediation
effect of Adansonia digitata L. Baobab (Bombacaceae)
stem bark extracts in mouse model malaria, J
Ethnopharmacol 2018;210:31-38.

Sulaiman LK, Oladele OA, Shittu 1A, Emikpe BO,
Oladokun AT, Meseko CA. In-ovo evaluation of the
antiviral activity of methanolic root-bark extract of the
African Baobab (Adansonia digitata Lin), African J
Biotechnol 2011;10(20):4256-4258.

Kamatou GPP, Vermaak I, Viljoen AM. An updated
review of Adansonia digitata: A commercially important
African tree, South African J Bot 2011;77(4):908-919.
Soonwera M, Phasomkusolsil S. Efficacy of Thai herbal
essential oils as green repellent against mosquito vectors,
Acta Trop 2015;142:127-130.

Murugan K et al., Cymbopogon citratus-synthesized gold

106

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

http://www.dipterajournal.com

nanoparticles boost the predation efficiency of copepod
Mesocyclops aspericornis against malaria and dengue
mosquitoes, Exp. Parasitol 2015;153:129-138.

Manh HD, Hue DT, Hieu NTT, Tuyen DTT, Tuyet OT.
The Mosquito Larvicidal activity of essential oils from
Cymbopogon and Eucalyptus Species in Vietnam, Insects
020;11(2):128.

Bukar A, Tukur Z. Plant extracts as a source of bio-
insecticide for mosquito control, review, Int. J Mosg. Res
2019;6(6):81-84.

Ukeh DA, Birkett MA, Pickett JA, Bowman AS, Mordue
AJ. Repellent activity of alligator pepper, Aframomum
melegueta, and ginger, Zingiber officinale, against the
maize weevil, Sitophilus zeamais, Phytochemistry
2009;70(6):751-758.

Ogbonna CU, Eziah VY, Owusu EO. Bioefficacy of
Zingiber officinale against Prostephanus truncatus Horn
(Coleoptera: Bostrichidae) infesting maize 2014.
Prajapati V, Tripathi AK, Aggarwal KK, Khanuja SPS.
Insecticidal, repellent and oviposition-deterrent activity of
selected essential oils against Anopheles stephensi, Aedes
aegypti and Culex quinquefasciatus, Bioresour. Technol
2005;96(16):1749-1757.

Kalaivani K, Senthil-Nathan S, Murugesan AG. Biological
activity of selected Lamiaceae and Zingiberaceae plant
essential oils against the dengue vector Aedes aegypti L.
(Diptera: Culicidae), Parasitol. Res 2012;110(3):1261-
1268.

Amuthavalli P et al., Biogenesis of Zinc Oxide
Nanoparticles Using Lawsonia Inermis Leaf extract and
Their  Mosquitocidal,  Antimicrobial,  Anticancer,

Andmoderate Toxic Side Effects on Predatory Copepods
and Fish 2020.

Bakhshi H et al., Larvicidal properties of botanical extracts
of Lawsonia inermis against Anopheles stephensi, Adv.
Infect. Dis 2014;4(04):178.

Biswas K, Sharmin N, Rabbi M. Evaluation of insecticidal
activity of Lawsonia inermis Linn. Against the red flour
beetle, Tribolium castaneum (Herbst), Nat. Prod. Indian J
2016;12:8-11.

Sani |, Buhari A, Suleiman M, Abubakar S, Badamasi M.
Larvicidal activity of Lawsonia inermis L. And Senna
obtusifolia L. Against fourth instar larvae of Culex
quinquefasciatus (SAY) (Culicidae: Diptera), FUDMA J
Sci 2616-1370, 2019;3(4):20-23.


http://www.dipterajournal.com/

