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ABSTRACT

Background: In most of the past decades, mosquito control has been done by the use of indoor residual spray and insecticides-
treated bed nets. The control of mosquitoes by targeting the breeding sites (larval habitat) has not been given priority. Disrupting
the oviposition sensory detection of mosquitoes by introducing deterrents of plant origin, which are cheap resources, might be
add value to integrated vector control. Such knowledge is required in order to successfully manipulate the behavior of mosquitoes
for monitoring or control. Materials and Methods: Twenty gravid mosquitoes were placed in a cage measuring 30 x 30 x 30
cm for oviposition. The oviposition media were made of different materials. Experiments were set up at 6:00 pm, and eggs were
collected for counting at 7:30 am. Mosquitoes were observed until they died. The comparisons of the number of eggs were made
between the different treatments. Results: There was significant difference in the number of eggs found in control cups when
compared with the number of eggs found in water treated with Ocimum kilimandscharicum (OK) (P=0.02) or Ocimum suave (OS)
(P=0.000) and that found in water with debris treated with OK (P=0.011) or OS (P=0.002). There was no significant difference in
the number of eggs laid in treated water and the number of eggs laid in water with debris treated either with OK (P=0.105) or OS
(P=0.176). Oviposition activity index for both OS and OK experiments lay in a negative side and ranged from -0.19% to —1%.
The results show that OS and OK deter oviposition in An.gambiae s.s. Conclusions: Further research needs to be done on the
effect of secondary metabolites of these plant extracts as they decompose in the breeding sites. In the event of favorable results,
the potential of these plant extracts can be harnessed on a larger scale.
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INTRODUCTION stimulant to other mosquito species.!' " The outstanding

records of these plant extracts have also been observed in

19]

Mosquito—borne diseases such as malaria and filariasis being repellant against mosquitoes in the field.!"*

are most important public health problems in Sub-

Saharan Aftica."! Mortality caused by malaria has increased
due to rapid increase of resistance selection pressure of drugs
and insecticides in parasite and mosquitoes, tespectively.*
Targeting the breeding sites has been suggested to be the major
and effective way of controlling malatia vectors."” Abating
of the breeding sites for An.gambiae s using plant extracts to
reduce eggs-laying site might have an impactin controlling the
population of adult malatia vectors.! Larval control has been
facing challenges due to numerous water bodies resulting from
agricultural irrigation systems, rains and/ or natural disasters
such as floods or extended rain seasons.

Plant extracts have shown larvicidal effects against malaria
vectors and other insects.”'”! Some extracts have also shown
properties of oviposition deterrence, attractiveness and being

Targeting the larval stage control is a critical point in
eradicating mosquitoes, because of their inability to
move from the habitats.”! The current study aimed at
evaluating the oviposition deterrence efficacy of Ocimum
kilimandscharicwm and Ocimum snave plant extracts against
Apn. gambiae s.s in laboratory.

MATERIALS AND METHODS
Mosquito rearing

Mosquitoes used were An. gambiae s.s (Kisumu strain,
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colonized from 1992) from insectary at Tropical Pesticides
Research Institute, Arusha, Tanzania. The three-day-old
female mosquitoes were provided with the blood meal from
guinea pig. After they were observed to be full blood-fed,
20 mosquitoes were taken to a rearing cage measuring 30
X 30 X 30 cm. Unfed and partially fed mosquitoes were
taken out of the cage and discarded from being used in the
experiment. After 48 hours of blood meal, they were given
oviposition media. The oviposition cups were paper cups
with a diameter of 7 cm and depth of 10.5 cm. They were
maintained in a room covered with netting materials, and all
experiments were cartied out at 27+£2°C, 75%-85% relative
humidity with 12L: 12D light and dark photo period. Five
replicates were performed for each treatment.

Plant oil extraction and storage

Essential oils were extracted from freshly harvested leaves
of Ocimum suave (OS) and Ocimum kilimandscharicum (OK)
plants by steam distillation process following Peter and
Amala protocol.” Oils were stored at 4°C for experimental
use. The extraction lasted for six hours in each complete
distillation cycle.

Preparation of deterrents for testing

The extracted essential oils were made in different
concentrations, viz., 0, 2, 12, 100, 500 and 1000 ppm,
in absolute ethanol. All formulations of deterrents were
packed in 5-mL airtight tubes and kept at room temperature
(25°C) for half an hour before testing.

Oviposition deterrence bioassays

Dual choice experiments were conducted for treatments
and controls. Four treatments were prepared: treatments
with distilled water with OS extracts or OK extracts and
treatments with distilled water and plant debris (collected
trom An. gambiae s breeding sites in the field) with OS
extracts or OK extracts. Hach treatment was paired with
distilled water alone during oviposition assays. The cups
of treatment and control were placed diagonally in a
cage. The oviposition deterrence was determined using
the oviposition activity index. The results of oviposition
were explicated as average number of eggs laid per unit
in five days following one blood meal and oviposition
activity index calculated as described previously,”!! whetein
the oviposition activity index = (T— C)/(T+ C), where T
denotes the number of eggs laid in the test cups and C
denotes the number of eggs laid in distilled water (control
cups). The positive index values indicate that more eggs
were deposited in the test cups than in the distilled water

(control cups), whereas more eggs in the control cups than
in the test cups result in negative index values, indicating
that the distilled water was the only substrata to deposit
eggs as the other treatments proved repulsive or unsuitable.
Eggs laid in both treatment and control cups were counted
daily for five consecutive days. Each experiment had five
replicates.

Data analysis

The average numbers of eggs per cup in the OS and OK
extracts were statistically analyzed using paired sample
7 test. Data were normally distributed, hence assumptions
for a paired £ test were satisfied.

RESULTS AND DISCUSSION

Mosquitoes’ eggs collected were counted according to the
treatment (OS or OK) and the media they were found in
[i.e., distilled water (control), distilled water with treatment
(OK or OS) or water with debris and treatment (OK or
OS), as shown in Tables 1 and 2. The mean numbers
of eggs for five days per treatment have been shown
in Figure 1. The oviposition activity index (OAI) in OS
when paired with distilled water ranged from —0.45 to
—1. When water with debris and OS extracts was paired
with water with debris, the OAI ranged from —0.229 to
—1, both for concentrations ranging from 2 to 1000 ppm.
When OK extracts were paired with distilled water, the
OAI ranged from —0.238 to —1. When OK in water with
debris compared with water with debris alone, the OAI
ranged from —0.19 to —0.993 for concentrations ranging
from 2 to 1000 ppm [Tables 1 and 2]. The difference in
the number of eggs laid between controls and distilled
water with OK was significant (= 5.762, df =5, P =. 02).
The difference in the number of eggs in water with debris
and OK was significant too (#= 3.905,df =5, P =. 011),
while there was no significant difference in the number
of eggs laid between the cup with distilled water and OK
and cup with water with debris and OK (# = —1.977, df
=5, P =0.105). In OS, there was significant difference in
the number of eggs laid in control cups and the number
of eggs laid in distilled water with OS (# = 8.947, df =5,
P =0.000); and when compared with the number of eggs
laid in water with debris, the difference was significant too
(= 6.129, df =5, P =0.002), while comparison between
distilled water and water with debris both treated with OS
did not reveal significant difference (# = 1.904, df =5, P
=0.115). There was no significant difference in the number
of eggs laid in distilled water treated with OS and in that
treated with OK (# = 1.644, df = 4, P =0.176); the same
was true for the difference in the number of eggs laid in
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Table 1: The response of Anopheles gambiae s.s oviposition to three different treatments of OK

extracts and the OAls of these treatments

Concentrations ~ Control  Distilled water + OK  Water with debris + OK Oviposition activity index of distilled Oviposition activity index of water with
(ppm) water + OK debris + OK

2 1916 720 1203 -0.454 -0.229

12 2001 391 920 -0.673 -0.37

100 1753 91 212 -0.901 -0.784

500 1328 9 30 -0.987 -0.956

1000 1211 o o -1.0 -1.0

Table 2: The number of eggs laid in three different treatments of OS extracts and the OAls of these

treatments
Concentrations  Control Distilled water + OS Water with debris + 0OS Oviposition activity index of distilled Oviposition activity index of water with
(ppm) water + 0S debris + 0OS
2 2113 1300 1439 -0.238 -0.19
12 1932 620 1203 -0.514 -0.233
100 1300 130 760 -0.818 -0.262
500 1100 50 109 -0.913 -0.82
1000 920 o 3 -1.0 -0.993
water with debris treated with OK and in that treated with 2100
OS (r= 2.434, df =4, P =0.072). Y
g 1400 -
The female mosquito antennae play major roles in host |2
location and in locating the ovipositing sites.>*! There is | 44, ]
evidence of response to attractants and repellents given |2 i “ #
by different substances.”**! Extracts from OS and OK ol ‘ ‘ ‘ ‘
have also been observed to display repellant activity for S | Smdn et bt Com
protection against mosquito bites from the same plants freated with OS __ treated with OK with OS with OK

extracts.'™”) The negative value assigned to OAI shows
that the number of eggs laid in the treated surfaces with
both OS and OK was smaller than the number of eggs
laid in treatment cups |Figure 1]. These results show that
OS has a lower oviposition-deterring activity against .4z
gambiae s.s. than OK. The chemical components of these
two plants contain different compounds which have been
proven to be highly active repellents against malaria vectors.
The active compounds found in OK were camphor,
1,8-Cineole, limonene, frans-Caryophyllene, Camphene,
4-Terpineol, Myrtenol, -Terpineol, Endo-borneol and
linalool; while in OS, they were Eugenol, #rans-B-ocimene,
B-cubebene, trans-Caryophyllene, trans-e<-ocimene,
[-pinene and linalool."”) The degradation of these essential
oils produced the secondary metabolites that might be
inhibiting mosquitoes from laying eggs in treatments than
in controls. The number of eggs collected in each treatment
was inversely proportional to the concentration of the
essential oils applied (i.e., the number of eggs decreased
as the concentration of the OS or OK increased). These
findings have shown results similar to those produced by
Imperata cylindrica extracts in serial dilutions against gravid

Figure 1: Oviposition deterrence efficacy of the OS and OK extracts
to Anopheles gambiae s.s.

Cx quinguefasciatus at concentrations ranging from 0.01 to
1500 ppm.=

More research is required to determine the mode of
action and longevity of Ocimum plant extracts in natural
environment.

CONCLUSION

These findings encourage further research on the oviposition-
deterrence property of the Ocimum plant extracts, with
more emphasis on secondary metabolites of active contents.
The stability of the extracts in natural environments should
also be established before declaration of the viability of the
use of these products by the community.

ACKNOWLEDGMENT

We wish to thank the mosquito-rearing team at the Tropical
Pesticides Research Institute (TPRI) for its outstanding

244 Journal of Global Infectious Diseases / Sep-Dec 2010 / Vol-2 / Issue-3



Kweka, et al.: The influence of ocimum plant extracts in mosquitoes oviposition

assistance. This study was funded by the Belgium Technical
Cooperation in Tanzania.

10.

11.

12.

13.

REFERENCES

Hay SI, Guerra CA, Tatem AJ, Noor AM, Snow RW. The global distribution
and population at risk of malaria: Past, present, and future. Lancet Infect
Dis 2004;4:327-36.

Pal R, Brown AW. Problems of insecticide resistance. Z Parasitenkd.
1974;45:211-9

Greenwood B, Mutabingwa T. Malaria in 2002. Nature 2002;415:670-2.
Roper C, Pearce R, Nair S, Sharp B, Nosten F, Anderson T. Intercontinental
spread of pyrimethamine-resistant malatia. Lancet 2004;305:1123-4.
Killeen GF, Fillinger U, Knols BG. Advantages of larval control for African
malaria vectors: Low mobility and behavioural responsiveness of immature
mosquito stages allow high effective coverage. Malar | 2002;1:8.

Fillinger U, Lindsay SW. Suppression of exposure to malaria vectors by an
order of magnitude using microbial larvicides in rural Kenya. Trop Med
Inter Health 2006;11:1629-42.

Okumu FO, Knols BG, Fillinger U. Larvicidal effects of a neem (Azadirachta
indica) oil formulation on the malaria vector Anopheles gambiae. Malar |
2007;6:63.

Lacey LA, Lacey CM. The medical importance of riceland and mosquitoes
and their control using alternatives to chemical insecticides. ] Am Mosq
Control Assoc Suppl 1990;1-93.

Prasad SM, Singh D, Zeeshan M. Toxicity of aqueous extract of Azadirachta
indica against larvae of mosquito Angpheles stephensi. | Exp Zool India
2001;4:75-9.

Papachristos DP, Stamopoulos DC. Toxicity of vapours of three essential
oils to the immature stages of Acanthoscelides obtectus (Say) (Coleoptera:
Bruchidae). J Stor Prod Res. 2002;38:365-73.

Osgood CE. An oviposition pheromone associated with the egg rafts of
Citlex tarsalis. | Econ Entomol 1971;64:1038-41.

Moore CG. Insecticide avoidance by ovipositing Aedes aegypti. Mosq News
1977;37:291-3.

Otieno WA, Onyango TO, Pile MM, Laurence BR, Dawson GW, Wadhams
LJ, et al. A field trial of the synthetic oviposition pheromone with Culex
quinquefasciatus Say (Diptera: Culicidae) in Kenya. Bull Entomol Res
1998;78:463-70.

Journal of Global Infectious Diseases / Sep-Dec 2010 / Vol-2 / Issue-3

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Isoe J, Millar JG, Beehler JW. Bioassays for Culex (Diptera: Culicidae)
mosquito oviposition attractants and stimulants. ] Med Entomol
1995;32:475-83.

Kweka EJ, Mosha FW, Lowassa A, Mahande AM, Mahande M], Massenga
CP, et al. Longitudinal evaluation of Ocimum and other plants effects on
the feeding behavioral response of mosquitoes (Diptera: Culicidae) in the
field in Tanzania. Parasit Vectors 2008;1:42.

Palsson K, Jaenson TG. Plant products used as mosquito repellents in
Guinea Bissau, West Africa. Acta Trop 1999;72:39-52.

Omolo MO, Okinyo D, Ndiege 10, Lwande W, Hassanali A. Repellency
of essential oils of some Kenyan plants against Anopheles gambiae.
Phytochemistry 2004;65:2797-802.

Odalo JO, Omolo MO, Malebo H, Angira ], Njeru PM, Ndiege 10, ¢ al.
Repellency of essential oils of some plants from the Kenyan coast against
Anopheles gambiae. Acta Trop 2005;95:210-8.

Kramer LW, Mulla MS. Oviposition attractants and repellents: Oviposition
responses of Culex mosquito to organic infusions. Environ Entomol
1979;8:1111-7.

Peter JH, Amala R. Laboratory handbook for the extraction of natural
extracts Pharmacognosy Research Laboratories. London: Department of
Pharmacy of Kings College, Chapman and Hall; 1998. p. 23-53.

Mclver SB. Sensilla mosquitoes (Diptera: Culicidae). ] Med Entomol
1982;19:489-535.

Sutcliffe JF. Sensory bases of attractancy: Morphology of mosquito olfactory
sensilla: A review. ] Am Mosq Control Assoc Suppl 1994;10:309-15.

Qiu YT, Smallegange RC, van Loon JJ, Ter Braak CJ, Takken W.
Interindividual variation in the attractiveness of human odours to the malaria
mosquito Anopheles gambiae s. s. Med Vet Entomol 2006;20:280-7.

Qiu YT, van Loon JJ, Takken W, Meijerink ], Smid HM. Olfactory coding
in antennal neurons of the malaria mosquito, Anopheles gambiae. Chem
Senses 20006;31:845-63.

Qiu YT, Smallegange RC, Hoppe S, van Loon J]J, Bakker EJ, Takken W.
Behavioural and electrophysiological responses of the malaria mosquito
Anopheles gambiae Giles sensu stricto (Diptera: Culicidae) to human skin
emanations. Med Vet Entomol 2004;18:429-38.

Mohsen ZH, Jawad AL, al-Saadi M, al-Naib A. Anti-oviposition and
insecticidal activity of Imperata c¢ylindrica (Gramineae). Med Vet Entomol
1995;9:441-2.

Source of Support: Nil, Conflict of Interest: None declared.

245



