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Abstract

Background: Mosquito-borne viruses are transmitted to human hosts via blood-feeding behavior of female
mosquitoes. Female mosquitoes seek a host to take blood meals (host-seeking behavior). In order to prevent
virus infections, it is important to understand how they modulate host-seeking behavior. Dopamine (DA) in
the central nervous system acts as a neuromediator that regulates a variety of behaviors in insects. In female
mosquitoes, host-seeking behavior increases when DA levels in the head decline after emergence. However, it
remains unclear whether DA directly modulates host-seeking behavior in female mosquitoes. The aim of this
study was to examine whether changes in DA levels in the head affects host-seeking activity in the adult
female mosquito Aedes albopictus (Ae. albopictus).

Findings: We compared host-seeking behavior in one group of emerging female adults treated with
L-β-3,4-dihydroxyphenylalanine (L-DOPA), the precursor of DA, (L-DOPA group), with that in an untreated
control (control group) after confirming elevation of head DA in L-DOPA group by using high-performance
liquid chromatography. The content of head DA in L-DOPA group significantly remained higher than that in
controls on all days examined. The host-seeking activity in the control group showed a gradual increase over
the 6-day experimental period. In contrast, there was no such increase in the host-seeking activity in the
L-DOPA group. Therefore, the host-seeking activity of L-DOPA group was significantly lower than that of the
controls between day 3 and 6 post-emergence.

Conclusion: Our results indicate that elevation of DA level reduces host-seeking activity in adult female
mosquito Ae. albopictus.
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Findings
Aedes albopictus (Ae. albopictus) is known as a vector of
mosquito-borne viruses (e.g. Dengue virus and West
Nile virus) [1]. Female mosquitos seek a host to take
blood meals (host-seeking behavior). In order to prevent
virus infections, it is important to understand how they
modulate host-seeking behavior.
In the central nervous system of insects, biogenic

amine dopamine (DA) acts as a neuromediator (i.e.
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neurotransmitter, neuromodulator and neurohormone) to
modulate a wide variety of behaviors, including insemin-
ation, diapause, and locomotory behavior [2-4]. In mos-
quitoes, it is demonstrated that DA levels in the head
gradually decrease day by day after adult emergence [5].
Host-seeking behavior, on the other hand, is shown to in-
crease after adult emergence. Interestingly, the period of
change in DA level coincides with that in which host-
seeking behavior changes. These observations suggested
that DA could play a role in modulating host-seeking be-
havior in the mosquito. In female mosquitoes, however,
the direct relation between DA in the head and host-
seeking behavior remained unclear. In order to elucidate
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the role of DA in host-seeking behavior, we examined
whether change in DA level in the head affects host-
seeking activity in the adult female mosquito Ae. albopic-
tus. The present study strongly suggests that elevation of
DA level in the head inhibits host-seeking behavior of
adult female mosquito Ae. albopictus.
Ae. albopictus mosquitoes used in this study were

from a laboratory colony established from adults col-
lected in Fukuoka university. All mosquitoes were reared
in our laboratory on a 16h:8h light and dark cycle at
27 ± 2°C and 70 ± 10% RH as described previously [6].
Female and male pupae were collected into different
chambers respectively. Adult mosquitoes emerging on
the same day were moved into a cage (200 individuals
with a sex ratio of 1:1). For elevation of DA level in heads
of insects, L-β-3,4-dihydroxyphenylalanine (L-DOPA), the
precursor of DA, is used as described previously [3,7]. The
cages were separated into two groups: one receiving 3%
sucrose solution containing 0.07% L-DOPA (L-DOPA
group) and another receiving only 3% sucrose solution
(control group).
High-performance liquid chromatography (HPLC) with

electrochemical detection (ECD) was used to measure the
DA levels in the heads of mosquitoes as described previ-
ously [8]. The heads of mosquitoes were separated from
the body laid on ice under a stereomicroscope [5].
The heads of adult female mosquitoes were collected

on days 0, 3, and 6 after emergence. A single head of
mosquito was sufficient to achieve a robust DA signal by
using HPLC-ECD.
Host-seeking activity of mosquitoes was evaluated

once a day for 6 days after emergence. Behavior experi-
ments were performed 7–8 h after the dark cycle when
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Figure 1 Schematic view of the apparatus used and equation to evalu
the same conditions as used for rearing. Mosquitoes landing on the mouse
was counted.
more mosquitoes were likely to show host-seeking be-
havior [9]. To allow the mosquitoes to acclimatise to the
experimental environment, the mosquitoes in the cage
were kept in a test acrylic box for 5 min before the tests
(Figure 1). The condition inside the test box was the
same as the rearing conditions.
An anesthetized mouse (BALB/c: 5–7 weeks old, Kyudo

Co., Saga, Japan) was placed in the cage in the test box
and used as a host. Then host-seeking behavior of female
mosquito was observed for 30 min. Mosquitoes that suc-
ceeded in landing on the mouse were judged as showing
host-seeking behavior and the number observed landing
was counted. We then collected these mosquitoes quickly
using a mouth aspirator before they started blood feeding.
The mouse was then removed from the cage and the

collected mosquitoes were returned to the same cage for
assessment on the following day. Host-seeking activity
was evaluated by determining the percentage as (No. of
female mosquitoes landing on the anesthetized mouse in
30 min/Total No. of female mosquitoes in the cage,
Figure 1). All procedures regarding animal care and use
were performed in compliance with the regulations
established by the Experimental Animal Care and Use
Committee of Fukuoka University. Behavior experiments
were performed under pentobarbital anesthesia, and all
efforts were to minimize suffering.
The results are expressed as the means ± standard error

of the mean (S.E.M.). To test for significance between
treatments and for interaction between treatments and
collection days in DA level, two-way ANOVA was applied
followed by Student’s t-test. Two-way repeated measures
ANOVA was performed to test for significance between
treatments and for interaction between treatments and
ale mosquitoes in the cage
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Figure 2 DA levels in the head on days 0, 3, and 6 after emergence. ** P< 0.01 vs. control group (two-way ANOVA followed by Student’s t-
test). Data are means ± S.E.M., n= 20 samples per treatment.
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collection days in host-seeking activity, and differences be-
tween control and L-DOPA groups were tested by Tukey’s
test. In all analyses, P< 0.05 was taken to indicate statis-
tical significance.
In the L-DOPA group receiving a sucrose solution

containing 0.07% L-DOPA, we found that the DA levels
in the head remained significantly higher than those in
controls on days 3 and 6 post-emergence (control group,
day 0: 44.6 ±5.0; day 3: 4.1± 0.3; day 6: 2.9±0.4 pmol/head;
L-DOPA group, day 0: 62.3± 9.3; day 3: 49.7± 7.7; day 6:
38.0± 5.0 pmol/head; Group, F1, 114 =49.28, P< 0.01; Day,
F2, 114 =18.75, P< 0.01; Group×Day, F2, 114 =3.04, P> 0.05:
two-way ANOVA, Figure 2). The host-seeking activity
showed a gradual increase over the 6-day experimental
period in the control group (day 0: 0.0± 0.0%; day 1:
4.9±2.6%; day 2: 17.2± 3.9%; day 3: 25.5±3.6%; day 4:
23.5± 3.9%; day 5: 27.1± 3.1%; day 6: 35.7± 2.6%). In con-
trast, there was no such increase in host-seeking activity in
the L-DOPA group (day 0: 0.8±0.4%; day 1: 3.7 ±1.4%; day
2: 10.7± 3.3%; day 3: 13.0±1.8%; day 4: 15.1± 3.4%; day 5:
16.1± 2.6%; day 6: 13.9±5.1%). Therefore, the host-seeking
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Figure 3 Host-seeking activity during the six days after emergence. *
ANOVA followed by Tukey’s test). Data are means ± S.E.M., n= 6 samples pe
activity of mosquitoes in the L-DOPA group was signifi-
cantly lower than that in the control group between days 3
and 6 post-emergence (Group, F1, 10 = 24.33, P< 0.01; Day,
F6, 60 = 19.16, P< 0.01; Group×Day, F6, 60 = 3.18, P< 0.01:
two-way repeated measures ANOVA, Figure 3).
In female mosquitoes, the direct relationship between

DA in the head and host-seeking behavior remains un-
clear. Our results demonstrated that an increase in DA
level using L-DOPA decrease host-seeking behavior be-
tween days 3 and 6 post-emergence. We describe here
the first evidence that DA in the head of the adult fe-
male mosquitoes of Ae. albopictus is involved in modu-
lating host-seeking behavior because elevation of DA
levels in the head decreases host-seeking behavior.
Up to now, biogenic amine has received attention

for regulating the behavior of insects. In the previous
study, pharmacological treatment using amine deplet-
ing drugs α-methyl-tyrosine (AMT) and α-methyl-
tryptophan (AMTP), demonstrated that depleted DA
levels in the mosquito Aedes triseriatus that were 3
day old adult females did not affect host-seeking
3 4 5 6
rgence (days)

P< 0.05, ** P< 0.01 vs. control group (two-way repeated measures
r treatment.
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behavior, however, serotonin (5HT) depletion modulated
blood-feeding behavior [10]. Our study could suggest the
reason why depleted DA levels did not affect host-seeking
behavior in the previous study. In Figure 2, our results
demonstrated that head DA levels in 3 day old females in
control mosquitoes decreased sufficiently. Therefore, it
might be difficult to observe an effect of depleted DA level
on host-seeking behavior in the previous study. Our study
also demonstrates that manipulation of DA as well
as 5HT makes it possible to regulate the behavior of
mosquitoes.
In insects, the presence of DA neurons has been

demonstrated [4,7,8]. In a previous study, adult Drosophila
melanogaster (Drosophila) were treated with a solution of
sucrose containing L-DOPA in order to increase the DA
level in the central nervous system in the head [7]. In our
study, adult mosquitoes were also given a sucrose solution
containing 0.07% L-DOPA, and our results indicated that
the DA level in the head in the L-DOPA group was signifi-
cantly higher than that in controls. Thus, feeding with a
sucrose solution containing L-DOPA is an appropriate
method to increase the level of DA in the head of not only
Drosophila but also Ae. albopictus mosquitoes.
Our results confirmed that the DA level in the head in

the control group decreased after adult emergence, consist-
ent with findings reported previously [5], and that the host-
seeking activity increased gradually over the experimental
period in the control group (Figures 2 and 3). These obser-
vations indicated the reliability of our methods for quantifi-
cation of DA levels in the head and host-seeking behavior.
Further investigation to elucidate the role of biogenic

amine DA in the mechanism of host-seeking behavior
regulation of the mosquito must contribute to the pre-
vention of epidemics of mosquito-borne viruses.

Competing interests
The authors declare that they have no competing interests.

Acknowledgements
We are grateful to Dr. H. Kawada and Dr. N. Higa (Department of Vector
Ecology and Environment, Institute of Tropical Medicine, Nagasaki University,
Nagasaki, Japan) for technical help with mosquitoes, Dr. H. Watanabe
(Division of Biology, Department of Earth System Science, Fukuoka University,
Fukuoka, Japan) and Dr. T. Watanabe (Laboratory of Neuro-Cybernetics,
Research Institute for Electronic Science, Hokkaido University, Sapporo,
Japan) for valuable comments and R. Fukutoku and N. Wada (Faculty of
Pharmaceutical Sciences, Fukuoka University, Fukuoka, Japan) for the
mosquito collection.

Author details
1Faculty of Pharmaceutical Sciences, Fukuoka University, 8-19-1 Nanakuma,
Jonan-ku, Fukuoka 814-0180, Japan. 2Research Institute for Electronic Science,
Hokkaido University, Sapporo, Hokkaido 060-0812, Japan. 3School of
Biological Sciences, Universiti Sains Malaysia, Penang 11800, Malaysia.

Authors’ contributions
Conceived the idea: YF, KI. Performed the experiment and analyzed the data:
YF, KI. Contributed reagents/materials/analysis tools: KI, TS, HA and YN. Wrote
the manuscript: YF. Clarified the manuscript: KI, TS, HA, HD, AH, KM, NK, and
FM. All authors read and approved the final manuscript.
Received: 14 February 2012 Accepted: 26 April 2012
Published: 10 May 2012

References
1. Gratz NG: Critical review of the vector status of Aedes albopictus. Med Vet

Entomol 2004, 18(3):215–227.
2. Evans Brian P, Stoffolano John G Jr, Chih-Ming Yin, Jerrold S, Meyer Jerrold

S: A Pharmacological and Endocrinological Study of Female Insemination
in Phormia regina (Diptera: Calliphoridae). J Insect Behav 1997, 10:493–508.

3. Noguchi H, Hayakawa Y: Role of dopamine at the onset of pupal
diapause in the cabbage armyworm Mamestra brassicae. FEBS Lett 1997,
413:157–161.

4. Akasaka S, Sasaki K, Harano K, Nagao T: Dopamine enhances locomotor
activity for mating in male honeybees (Apis mellifera L.). J Insect Physiol
2010, 56(9):1160–1166.

5. Andersen JP, Schwartz A, Gramsbergen JB, Loeschcke V: Dopamine levels
in the mosquito Aedes aegypti during adult development, following
blood feeding and in response to heat stress. J. Insect Physiol 2006,
52:1163–1170.

6. Tomomitsu Satho, Hamady Dieng, Tetsuya Mizutani, Yuki Eshita, Takeshi
Miyata, Parimal Talukder, Nobuhiro Kashige, Abu Hassan Ahmad, Fumio Miake:
Fluorescence can be used to trace the fate of exogenous micro-organisms
inside the alimentary tract of mosquitoes. Journal of Parasitology and Vector
Biology 2009, 1(2):013–018.

7. Riemensperger T, Isabel G, Coulom H, Neuser K, Seugnet L, Kume K, Iché-Torres
M, Cassar M, Strauss R, Preat T, Hirsh J, Birman S: Behavioral consequences of
dopamine deficiency in the Drosophila central nervous system. Proc Natl
Acad Sci U S A 2011, 108(2):834–839.

8. Wada-Katsumata A, Yamaoka R, Aonuma H: Social interactions influence
dopamine and octopamine homeostasis in the brain of the ant Formica
japonica. J Exp Biol 2011, 214:1707–1713.

9. Kawada H, Takagi M: Photoelectric Sensing Device for Recording
Mosquito Host-Seeking Behavior in the Laboratory. J Med Entomol 2004,
41(5):873–881.

10. Novak MG, Rowley WA: Serotonin depletion affects blood-feeding but not
host-seeking ability in Aedes triseriatus (Diptera: Culicidae). J Med Entomol
1994, 31(4):600–606.

doi:10.1186/1756-3305-5-92
Cite this article as: Fukumitsu et al.: Elevation of dopamine level reduces
host-seeking activity in the adult female mosquito Aedes albopictus.
Parasites & Vectors 2012 5:92.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Findings
	Conclusion

	Findings
	link_Fig1
	link_Fig2
	link_Fig3
	Competing interests
	Acknowledgements
	Author details
	Authors&rsquo; contributions
	References
	link_CR1
	link_CR2
	link_CR3
	link_CR4
	link_CR5
	link_CR6
	link_CR7
	link_CR8
	link_CR9
	link_CR10

