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Abstract 
Malaria prevention in sub-Sahara Africa rely on the use insecticide based vector control tools. Because of 

the rapid development of insecticide resistance in vector populations, essential oils could be a serious 

alternative to insecticides. The study presents the insecticidal activity of Cannabis sativa L leaf essential 

oil on Anopheles gambiae s.l. Characterization of Cannabis sativa L leaf essential oil showed the 

presence of terpenes and aliphatic compounds known to have an insecticidal activity. Bioassay conducted 

with An. gambiae s.l larvae indicated that, lethal concentrations causing 50% and 95% mortality were 

0.501%; 1.168% and 0.951%; 2.219% after 24hours; 0.201%; 0.217% and 0.381%; 0.412% after 48 

hours exposure (respectively for laboratory and field population). Bioassays conducted with adults 

indicated knock down times for 50% and 95% of 23±0.7min; 28±1.52 min and 45±0.91min; 

55.5±0.95min , respectively for the laboratory and field strains. The lethal concentrations killing 50% 

and 95% of adult mosquitoes were 0.107%; 0.150% and 0.339%; 0.369%, 24 hours post exposure, for the 

laboratory and field populations respectively.  

The essential oil of Cannabis sativa L leaf proved to be effective against Anopheles gambiae s.l larvae 

and adults. 

 

Keywords: Anopheles gambiae s.l, Cannabis sativa L, essential oil, insecticide, bioassay 

 

1. Introduction 
In most tropical regions and particularly in Sub-Saharan Africa, vector-borne diseases are 

serious public health threats that cause hindrance to the socio-economic development of 

communities. Malaria is one of the most important vector-borne disease affecting 3.3 billion 

people worldwide. Over 90% of malaria cases are estimated to occur in sub-Saharan Africa [1]. 

Of those concerned, children under five years old and pregnant women are the most affected 
[1]. The fight against malaria vectors rely mainly on the use of synthetic insecticides for 

impregnating bed nets or indoor residual spraying [2]. The overreliance on insecticide based 

interventions has had as immediate consequence the development of insecticide resistance 

which now affects all vector species across Africa [3, 4]. Many African countries are affected by 

this threat and there is fear that this could stop the current momentum of decrease in malaria 

morbidity and mortality following the increase large scale implementation of LLINs and/or 

IRS across the continent [5, 6]. The rapid expansion of insecticide resistance could derive from 

many factors including the massive use of insecticide in public health during the last decade 

for malaria control, the modification of the environment (urbanisation and pollution) [7-9], the 

use of similar compounds in both public health and in agriculture, the practice of intensive 

agriculture over large surface areas and in urban settings with massive and uncontrolled used 

of pesticides [10-12]. Resistance mechanisms develop by mosquitoes could be either mediated by 

target sites mutations, cuticle resistance or metabolic resistance [13].  

In Cameroon insecticide resistance is largely sprayed in major vector species An. gambiae s.l 

and An. funestus [5, 19]. Because of the increasing occurrence of insecticide resistance in the 

main malaria vectors, the search for new compounds or new integrated strategies for managing 

insecticide resistance is urgently required [20, 21]. In this context, plant- derived extract or 

essential oils could be potential alternative for controlling malaria vectors or mosquito- borne 

diseases [22]. These compounds could offer several advantages: they could increase the number 
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of compounds available for vector control they are 

biodegradable less toxic for the environment and could be 

affordable and easy to use. They could be a source of income 

for local communities. In Cameroun as in many countries 

across tropical regions, several studies on essential oils 

insecticidal activities have been conducted over recent years 

and proved high potential of plant extracts in the control of 

pests and mosquitoes [23-26].  

In Cameroon, Cannabis sativa L is found in forest and 

savannah areas. It use has been tamed for many years because 

of it negative effects on human health when it is smoked or 

inhale.It is used by local communities for many purposes. 

Flowering leaves and somite are rubbed on the skin to fight 

worms or to repel bees to collect honey. Aerial parts of 

Cannabis sativa L are burned at night to repel mosquitoes. 

Yet there is no scientific evidence of it impact in killing 

mosquitoes. The present study was undertaken to investigate 

the chemical composition and insecticidal activity of 

Cannabis sativa L leaf essential oil on Anopheles gambiae s.l 

larval and adults’ stages. 

 

2. Materials and Methods 

2.1 Plant Material 

Cannabis sativa L leaves were harvested in the village of 

Salla in the district of Ayos. The specimen was identified 

under the number 3614SRFK and classified as belonging to 

Cannabacea family at the National Herbarium.  

 

2.2 Essential oil 

The essential oil of the leaves of Cannabis sativa L was 

extracted by hydro distillation using a Clevenger apparatus. 

The essential oil was dried using anhydrous magnesium 

sulphate and stored at 4 °C, away from UV rays, before use. 

 

2.3 Chemical analysis of Cannabis sativa L leaves essential 

oil using Gas chromatography coupled with mass 

spectrometry 

The determination of retention data and the area percentage of 

the identified compounds were carried out on a two GC-FID 

systems. 

(A) An Agilent 5890 system equipped with HP-1 (ref: 1909 1 

Z-115) column (50m x 320µm; 0.5 µm film thickness). 

GC oven temperature was kept at 80 °C for 8 minutes and 

programmed to 220 °C at the rate of 2 °C/min. 

(B) An Agilent 6890 system equipped with HP-Innowax (ref: 

1909 1 N-216, Agilent Technologies, Santa Clara, CA 

95051, USA) column (60 m x320µm,0.5µm film 

thickness).GC temperature was kept at 60 °C and 

programmed to 245 °C at the rate of 2 °C/min, then 

constant at 250 °C for 20 min. 

 

The split ratio was adjusted to 1/100. The injector temperature 

was 250 °C and the FID detector was kept at 250 °C. The 

carrier gas was Helium (1.3ml/min). 

Gas chromatography- Mass spectrometry was carried out 

using the first system Agilent 5890 equipped with HP-

1column.The mass spectra was recorded in the electron 

impact mode at 70 eV using the aforementioned 

chromatographic conditions. Individual components of 

Cannabis sativa L leaves essential oil were identified by their 

retention index as described in Adams [27] and their mass 

spectra were interpreted using the WILEY L computer library. 

 

2.4 Mosquito’s collection  

The laboratory strain of Anopheles gambiae s.l used for our 

experiment is the "Yaoundé strain" from the Organisation de 

Coordination pour la lutte contre les Endémies en Afrique 

Centrale (OCEAC). A field strain collected at the larval stage 

in Yaoundé near river Ewoé (N 03051’34.9’’ and E 

011031’3’’) was also used. Laboratory strain and field 

population were reared in the insectary of the Higher 

Teachers’ Training College of the University of Yaoundé I. 

Larvae were fed with Tetramin Baby Fish Food at a rate of 

2.5mg per 100 larvae per day [28, 29]. The pupae were collected 

in plastic cups and placed in emergence cages. Adults 

emerging from pupae were fed using a 10% glucose solution. 

The colony of the laboratory strain were maintained 

continuously at 25-27 °C and 75-78% relative humidity under 

photoperiod 12L: 12D. Anopheles gambiae s.l third and early 

four instars larvae and female aged 2-5 days old were used to 

carry out bioassays. 

 

2.5 Bioassay 

2.5.1 Bioassay with larvae 

Larvae of third and early four instars were used to assess the 

larvicidal activity of Cannabis sativa L leaf essential oil 

following WHO Guidelines for Laboratory and Field Testing 

of Mosquito Larvicides [30]. Mosquitoes were maintained 

during one hour in distilled water for observation before 

running the test. Tests concentrations were prepared by 

adding 1mL of appropriate concentration of essential oil to 

disposable test cups containing 99 ml of spring water. Batches 

of 25 larvae of third and early four instars were transferred 

from observation cups to test cups. Four replicates were run 

for each concentration and an equal number of controls were 

run as well. The control was prepared by adding 1ml of 

absolute alcohol to 99 ml of spring water. Six different 

concentrations were used (0.1%; 0.2%; 0.3%; 0.5%; 0.7% and 

0.9%). Each test was conducted three times on different days. 

No food was added to cups during the exposure period. 

Larvae were considered dead when they were incapable of 

any movement or not swimming actively when touch. The 

mortality rate was recorded after 24 and 48 hours of exposure. 

LC50 and LC95 were calculated using a log probit approach 

with WINDL CIRAD-CA version2.0 software. 

 

2.5.2 Bioassay with adults 

Adult bioassays were performed with 2-5 days- old non- 

blood- fed females following the WHO Guidelines [31] with 

cone using impregnated bed net with the essential oil at the 

following concentrations: 0.025%, 0.05%, 0.1%, 0.2%, 0.3% 

and 0.5%. Absolute alcohol was used to dilute the essential oil 

at the various concentrations and 3ml of each concentration 

was used to impregnate a portion of bed net (98.47cm2). Due 

to the high volatility of essential oils, pieces of net prepared as 

indicated above were dried at room temperature away from 

sun light for 15 minutes before carrying susceptibility assays 
[32, 33]. Before each test, female mosquitoes were transferred 

from the cages to the plastic cup for one hour and specimens 

with broken legs or unable to fly were discarded and replaced. 

Twenty replicates of batches of 5 mosquitoes per tube were 

exposed to each concentration for 1hour. Five replicates were 
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run as control using a portion of net impregnated only with a 

solution of absolute alcohol. The number of knock down 

(KD) mosquitoes was recorded at 10 minutes intervals during 

1 hour exposure period and KDT50 and KDT95 (time required 

for knocking down 50% and 95% of the individuals 

respectively) estimated with 95% of confident interval. After 

the exposure period, mosquitoes were transferred back to 

recovery cups and provided with 10% of glucose solution 

soaked on cotton pad. Mosquito mortality was recorded 24 

hours post- exposure. After the tests, adult mosquitoes from 

field populations were kept in Eppendorf tubes at -4 °C for 

identification. 

 

2.6 Identication of mosquitoes 

Adults of the field population were morphologically identified 

using the Gillies and Coetzee key [34]. Genomic DNA was 

extracted according to the Livak protocol [35]. Molecular 

identification of females was conducted according to 

Santolammazza et al. protocol [36]. 

2.7 Data analysis for bioassay 

The lethal concentrations inducing 50% and 95% (LC50 and 

LC95) mortality was calculated using log probit approach with 

WINDL CIRAD-CA version 2.0 and STATISTICA software 

version 6.0 to plot the graphs. The relation between the 

exposure time, the mortality and the doses was assessed using 

probit regression. 

For the adulticidal effect, the time at which 50% and 95% of 

adult mosquitoes were knocked down (Knock down time, 

KTD50 and KDT95) was calculated using WINDL CIRAD-CA 

software version 2.0. The relation between the knock down 

time, mortality and the doses were assessed using probit 

regression. 

 

3. Results  

3.1 Yield of Cannabis sativa L leaf essential oil (table 1) 

The table 1 provide general characteristics of the plant and the 

essential oil.  

 
Table 1: The oil yield of Cannabis sativa L 

 

Plant name Family Certification number Leaves weight Oil weight Yield 

Cannabis sativa L Cannabacea 25967SRF/Cam 3,375g 1.5g 0.044% 

 

The essential oil yield of Cannabis sativa L expressed as 

weigh/weigh (w/w) is very low compared to the oil yield of 

many aromatic plants. Further studies are requested to assess 

the influence of the soil, climate, water stress, the collection 

period, extraction method on the yield. 

 

3.2 Chemical composition of Cannabis sativa L leaf 

essential oil 

Up to 81 different constituents were identified during analysis 

(Table 2). The main constituents of Cannabis sativa L leaf 

essential oil are sesquiterpenes (E-β-Caryophyllene (10.72%); 

Caryophyllene oxide (1.25%); E-β-Farnesene (1.25%) and 

monoterpenes (Myrcene (31.75%); terpinolene (14.76%); α-

pinene (8.12%); β-pinene (3.64%); limonene (1.30%) and E-

β-Ocimene (1.10%). Among these compounds: α-pinene; β-

pinene; Z-β- ocimene; menthone; E,Z-P-menthen-2-en-1-ol; 

1,8-cineol; sabinene; terpinen-4-ol; β-phellandrene; α-

phellandrene; Terpinolene; Thujene and linalool are reported 

to have an inhibitory or biocide activity against several 

species of bacteria and insects.  

 
Table 2: Chemical composition of Cannabis sativa L leaf essential oil 

 

Elution order Compound Percentage Kovat indices 

   HP-1 Innowax 

1.  Z-3-Hexenol 0.03 842 1380 

2.  E-2-Hexenol 0.02 852 1408 

3.  Heptanone-2 0.03 864 1182 

4.  Hexenol 0.03 869 1351 

5.  Heptanal 0.03 880 1185 

6.  2-Amyl furan 0.01 884 1124 

7.  α-Thujene 0.12 923 1032 

8.  α-Pinene 8.12 931 1035 

9.  Camphene 0.013 944 1063 

10.  Octene-1-ol-3 0.03 961 1427 

11.  6-Methyl-5-heptenone-2 0.005 964 1116 

12.  Sabinene 0.12 967 1118 

13.  β-Pinene 3.64 971 1132 

14.  6- Methyl-5-hepten-2-ol 0.02 974 1163 

15.  Myrcene 31.75 981 1159 

16.  Ϫ-3-Carene 0.92 997 1011 

17.  α-Phellandrene 0.42 998 1175 

18.  α-Terpinene 0.31 1010 1188 

19.  Hexylacetate 0.02 1010 1272 

20.  P-Cymene 0.11 1014 1200 

21.  Limonene 1.3 1022 1203 

22.  1,8-Cineole+β-phellandrene 1.29 1022 1213 

23.  Z-β-Ocimene 1.10 1025 1242 

24.  E-β-Ocimene 9.65 1037 1247 
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25.  ϒ-Terpinene 0.23 1049 1255 

26.  E-Thujan-4-ol 0.03 1053 1463 

27.  Fenchone+methyl benzoate 0.02 1072 - 

28.  p-Cymenene 0.09 1072 1437 

29.  Terpinolene 14.76 1079 1290 

30.  Nonanal 0.03 1083 1391 

31.  Linalool 0.09 1086 1533 

32.  Z-Thujan-4-ol 0.03 1092 - 

33.  Perillen 0.02 1098 1429 

34.  α-Fenchol 0.07 1100 1570 

35.  Z-p- Menth-2-en-1-ol 0.03 1114 1570 

36.  E-p- Menth-2-en-1-ol 0.07 1114 1571 

37.  4E, 6Z- Allo-ocymene 0.01 1119 1375 

38.  Ipsdienol 0.03 1125 - 

39.  Epoxy terpinolene 0.05 1130 - 

40.  Menthone 0.04 1136 1465 

41.  Borneol 0.04 1153 1719 

42.  P-Cymen-8-ol 0.12 1161 1864 

43.  Terpinen-4-ol 0.07 1163 1611 

44.  α-Terpineol 0.04 1175 1682 

45.  Citronellol 0.02 1212 1764 

46.  Hexyl butyrate +methylchavicol 0.06 1224 - 

47.  E-Anethole 0.10 1264 1826 

48.  α-Ylangene 0.20 1370 1490 

49.  α-Copaene 0.01 1375 1491 

50.  β-Elemene 0.02 1386 1577 

51.  Isocaryophyllene 0.23 1408 - 

52.  Z-α-Bergamotene 0.11 1410 1559 

53.  α-Santalene 0.14 1415 1582 

54.  E-β-Caryophyllene 10.72 1419 1612 

55.  E-α-Bergamotene 0.85 1435 1575 

56.  Allo-Aromadendrene 0.30 1439 1620 

57.  α-Guaiene +unidentified compound 0.04 1442 - 

58.  E-β-Farnesene 1.23 1449 1663 

59.  ϒ-Elemene+unidentified compound 0.04 1449 - 

60.  α-Humulene 3.28 1452 1654 

61.  ϒ- Muurolene 0.08 1473 1689 

62.  Selina-4,11-diene 0.22 1475 1674 

63.  Selina-4,7(11)diene+E-α-Bisabolene 0.36 1475 1688 

64.  β-Selinene 0.58 1480 1700 

65.  α-Selinene 0.41 1491 1707 

66.  E,E-α-Farnesene 0.20 1496 1744 

67.  β-Bisabolene 0.21 1499 1727 

68.  7-Epi-α-Selinene 0.21 1507 1764 

69.  ϒ-Cadinene 0.05 1513 1740 

70.  Ϫ-Cadinene 0.09 1513 1765 

71.  12-Nor-caryophyll-5-en-2-one 0.02 1515 - 

72.  ϒ-Selinene 0.24 1526 - 

73.  Germacrene B 0.14 1535 1823 

74.  Selina-3,7(11)-diene 0.37 1537 1783 

75.  E-Nerolidol 0.15 1550 2036 

76.  Spathulenol 0.03 1565 2107 

77.  Epoxy Caryophyllene 0.08 1563 - 

78.  CaryophylleneOxide 1.25 1567 2001 

79.  HumuleneOxide 0.30 1597 2047 

80.  Not identified compound 0.14 - - 

81.  Not identified compound 0.18 - - 

     

 TOTAL 98.27   

Analysis performed by gas chromatography with FID detection on 2 columns of different polarity: HP1 and INNOWAX 

Individual components are identified by their retention index as described in Adams (2012) and their mass spectra are 

interpreted using the WILEY L computer library. Constituents are presented in the order of elution from the columns. 
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3.3 Larvicidal activity of Cannabis sativa L leaf essential 

oil on Anopheles gambiae s.l after 24 and 48 hours 

exposure 

A total of 3600 An. gambiae s.l larvae were exposed to 

different essential oil concentrations (0.1%; 0.2%; 0.3%; 

0.5%; 0.7% and 0.9%) and mortality was recorded 24 and 48 

hours after exposure. The dose response curve generated after 

24 hours exposition to Cannabis sativa L leaf essential oil 

showed important differences between the laboratory and 

field strain (figure 1). The laboratory strain was found to be 

more susceptible to the essential oil. The average dilution of 

essential oil causing 50% and 95% mortality (LC50 and LC95) 

were 0.501% and 1.16% respectively for the laboratory strain. 

For the field strain, doses causing 50% and 95% mortality 

were 0.951% and 2.219% respectively. The level of 

susceptibility of the two strains to the essential oil was found 

to be statistically different (H=3.46; p=0.018).  

 

 
 

Fig 1: Doses-response curve of larvicidal activity of C.sativa L leaf 

E.O on An. gambiae s.l after 24 hours 

 

The larvicidal activity of C. sativa L leaf essential oil was also 

assessed on An. gambiae s.l larvae after 48 hours exposure 

(figure 2). From the experiments it appeared that the level of 

mortality increased with the concentration of essential oils in 

both the laboratory and field strain. LC50 and LC95 doses of 

0.201%; 0.217% and 0.381%; 0.412% respectively for the 

laboratory strain and field population were recorded. 

Laboratory populations were again found to be more 

susceptible than field population to the essential oil. The 

tolerance level of larvae after 24 hours exposure was less 

important than the level after 48 hours exposure and were 

significantly different for the field population (H=6.56; 

p=0.013). The different equations of regression lines 

generated (1; 2) following the dose response analysis were 

respectively (for 24 hours exposure period):  

 

Ylab=-0.746+ 89.71x     (1)  

 

Yfield=-1.152+ 48.171x     (2)  

 

 
 

Fig 2: Dose-response curve of larvicidal activity of C.sativa L leaf 

E.O on An. gambiae s.l after 48 hours 

 

 

After 48 hours of exposure, the different equations of the regression 

lines generated were (3; 4): 

 

Ylab=18.334+104.31x     (3)  

 

Yfield=16.359+100.55x     (4)  

 

3.4 Knock down activity of Cannabis sativa L leaf essential 

oil on adult of Anopheles gambiae s.l 

During 1 hour, 100 adult female An. gambiae s.l were 

exposed to each concentration of the C.sativa L leaf essential 

oil. At 10 minutes interval, the number of mosquito knock 

down were counted and recorded. It appeared from the assay 

that the number of mosquito knocked down increases with 

essential oil concentration and with the length of exposure 

(table 3). 
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Table 3: Activity of C. sativa L leaf essential oil on adult of An. gambiae s.l 
 

Colonies Nb of mosquitoes exposed Nb of replicates Concentration of essential oil (%) Mortality after 24H 95% CI 

Laboratory 

100 20 0.5 100±0.4 100-100 

100 20 0.3 84±0.5 79-88 

100 20 0.2 68±0.6 64-73 

100 20 0.1 54±0.6 52-58 

100 20 0.05 15±0.5 12-18 

100 20 0.025 08±0.4 2-11 

Field 

100 20 0.5 98±0.6 96-102 

100 20 0.3 86±0.6 82-90 

100 20 0.2 60±0.4 55-64 

100 20 0.1 24±0.4 21-27 

100 20 0.05 10±0.3 8-14 

100 20 0.025 - - 

 

Considering only the highest concentration of essential oil 

(0.50%), the KDT50 and KDT95 calculated with 95% 

confidence limits (t=5.268: p=0.003 and t=4.710: p=0.005) 

are 23±0.7min; 28±1.52 min and 45±0.91min; 

55.5±0.95min respectively for the laboratory strain and field 

population. The knock down response curve is shown in 

Figure 3 below. 

 

 
 

Fig 3: Knock down response curve of the activity of C.sativa L leaf 

E.O on An. gambiae s.l 

 

Knock down times were different between the two 

populations of An.gambiae s.l. Female adult from the field 

were less susceptible compare to laboratory strain to 

Cannabis sativa L essential oil(t=5.26; p=0.003 and t=4.71; 

p=0.005). The different equations generated from the 

regression analysis are presented below (5;6). 

 

Ylab=13.066+1.64x     (5)  

 

Yfield=3.133+1.72x     (6) 

 

3.5 Determination of sublethal concentration of essential 

oils inducing adult mortality 

The analysis of the trend of mortality 24 hours post exposure 

showed an increase in mortality according to essential oils 

concentration. With dilution of 0.5% mortality rate of 100% 

was recorded for the laboratory strain whereas mortality rate 

of 98% were recorded for the field population. The lethal 

concentration inducing 50% of mortality (LC50) and 95% of 

mortality (LC95) for the laboratory strain were 0.107% and 

0.150% (t=3.13 p=0.020); for the field strain 0.339% and 

0.369% (t=2.54; P=0.043). 

The diagnostic dose defined as twice the lethal concentration 

for 99% of mortality [31] is above 0.50% for the field 

population. The dose-mortality response curve is shown on 

the Figure 4. 

 

 
 

Fig 4: Dose response curves of C.sativa L leaf essential oil on 

adult An. gambiae s.l females 

 

The essential oil of the leaves of Cannabis sativa L is 

effective both for the laboratory strain as for the wild 

population of An.gambiae s.l (t=3.138, p=0.020; t=2.544; 

p=0.043). 

The level of susceptibility of the two populations appeared 

significantly different (H=3.40; P=0.027), and consequently 

the doses response curve of individuals in the wild population 

is below that of the laboratory strain in low concentrations. 

This reveals that these wild individuals are more tolerant to 

Cannabis sativa L essential activity oil than the laboratory 
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strain. The different equations of the regression lines of the 

adulticidal activity (7; 8) are respectively: 

 

Ylab=12.789+203.81x     (7) 

 

Yfield=2.837+219.69x     (8). 

 

3.6 Identification of field population of Anopheles gambiae 

s.l 

Mosquitoes from the laboratory strain are all An. coluzzii. A 

total of 71 adult females from the field population were 

further processed to identify members of the An. gambiae 

complex. From the analysis, it appeared that 3 (4.23%) were 

An. gambiae s.s and 68 (95.77%) were An. coluzzii.  

 

4. Discussion 

Our study objective was to characterize the chemical 

composition of Cannabis sativa L leaf essential oil and to 

evaluate its insecticidal properties on the major malaria vector 

Anopheles gambiae s.l. High mortality rate was recorded after 

exposing both An. gambiae s.l larvae and adults to C. sativa 

leaf essential oil. The following supporting the insecticidal 

activity of the essential oil. 

The extraction of essential oil of Cannabis sativa L yielded 

very low concentration 0.044% (w/w). This yield was far less 

than those reported for the essential oils of Cympobogon 

citratus (1.7%); Cympobogon giganteus (1.4%) [3] and 

Clausena anisata (0.24%) [37]. The low yield recorded, could 

result from the harvesting period of the leaves, the method of 

growing the plant or the method of extraction. The 

characterization of essential oil of Cannabis sativa L revealed 

the presence of up to 81 different compounds. Among 

compounds identified, several with known insecticidal 

activities on mosquito larval stages were recorded such as α- 

Pinene; β-pinene; 1,8-cineol and Z-β- ocimene which have 

been reported to induce high mortality to Aedes aegypti [38 ,39], 

Aedes albopictus [40, 41], Anopheles stephensi [40, 42] and 

Anopheles gambiae [43] larvae. In addition, menthone and E, 

Z-P-menthen-2-en-1-ol known for their larvicidal activity on 

Culex quinquefasciatus larvae were also recorded [44]. Some 

of the compounds characterized such as linalool, p-Cymene, 

1,8- Cineol, Terpinolene and Thujene were also reported to 

induce a biocidal or inhibitory activities on several pathogenic 

Bacteria: Bacteria Shigella [45] and different bacteria classes 
[46, 47]. Yet a certain number of compounds could not be 

identified further characterization is still required. Although 

high lethality of larvae was detected 24 hours and 48 hours 

after exposure, it is not sure that such level of lethality could 

be recorded in the nature. Further studies are required to 

assess the residual effect of this compound in the 

environment. Analysis conducted with adult mosquitoes also 

showed high lethality of mosquitoes exposed to impregnated 

net with C. sativa L leaf essential oil. It is possible that the 

induce lethality recorded could have been driven by 

compounds such as E-p-Menth-2-en-1-ol, 1, 8-Cineol; p-

Cymene;α-Pinene and β-Pinene which were reported to have 

an insecticidal activity against adults Anopheles stephensi[42] 

and Anopheles gambiae [3, 43]. Compounds such as Limonene, 

α-Pinene, 1,8-Cineol ,sabinene,terpinen-4-ol, β-phellandrene 

and α-phellandrene were all reported to have a significant 

inhibitory activities on acetylcholinesterase and adenosine 

triphosphatase on Sitophilus oryzae [48]. It is likely that the 

effect of the essential oil of Cannabis sativa L leaf could be 

amplified by the presence or the synergist effect of different 

sets of compounds with as major components, Myrcene, 

Terpinolene, E-β-Caryophyllene, E-β-Ocimenene, α-Pinene,β-

Pinene,α-humulene, limonene, E-β-Farnesene [49]. The 

following needs to be further investigated through both field 

and laboratory analysis. Cannabis sativa L leaf essential was 

found to induce a rapid knock down effect when adults were 

exposed to impregnated net. This suggests that, the essential 

oils which is a cannabinoid substance may affect directly the 

insect nervous system. Studies conducted in the brain 

suggested that cannabinoids receptors are mainly located in 

the basal ganglia, cerebellum and hippocampus all associated 

with body movement control and coordination and this could 

rather explain the rapid knock down effect recorded during 

the study [50].  

In human subjects cannabinoids were reported to have various 

psychological and physiological effects due to their direct 

effect on the nervous system [51]. Studies conducted on both 

vertebrate and invertebrates indicated that once in the body, 

cannabinoids bind to cannabinoid receptors and decrease 

adenyl cyclase activity, inhibiting calcium N channels and 

disinhibiting K+ channel which all affect the transmission of 

nerve impulse [50]. Most of insecticides used in vector control 

have as target the sodium channel or acetylcholine esterase 
[13]. 

Because of the rapid spread of insecticide resistance affecting 

major malaria vectors [52, 19, 53, 54] and different mode of action 

of cannabinoids they could be good alternative for the control 

of resistant mosquitoes.  

Comparing the level of susceptibility between field and 

laboratory populations it appeared that field populations were 

more tolerant to C. sativa L leaf essential oil than the 

laboratory colony. The following could come from the fact 

that field mosquito populations are always exposed to 

different sets of pollutants in the environment which increase 

overexpression of a certain number of metabolic mechanisms 

involved with detoxification [55]. Although no investigation of 

specific mechanisms involved with mosquito tolerance was 

undertaken. Yet studies conducted in Yaoundé indicated the 

presence of kdr allele and the overexpression of several 

detoxification enzymes involved with mosquitoes tolerance to 

pyrethroids and xenobiotics [56, 57].  

 

5. Conclusion 

Our study demonstrated high insecticidal effect of C.sativa L 

leaf essential oil against both larvae and adult An. gambiae s.l 

and support the use of this plant for vector control. With the 

rapid expansion of insecticide resistance to almost all existing 

insecticides the search for new compounds capable of 

replacing existing one could be particularly beneficial for the 

control of a large range of insects vectors responsible for the 

transmission of diseases across sub-Saharan Africa. Yet for C. 

sativa L further studies are needed for cultivation and 

extraction process to improve the yield. Also, further field 

trials and laboratory analysis are required to establish the 

efficacy of C. sativa L leaf essential oil under different 

conditions and also it efficiency in the control of mosquitoes 

in the nature.  
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