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Introduction

Myiasis is a
2,6

significant
problem

medical "™
>7 that affects human welfare and national

Abstract

Background Myiasis caused by Lucilia sericata (Diptera: Calliphoridae) is widely
distributed throughout the world and affects both humans and animals. In addition, L. sericata
larvae and adults may play a role in spreading causal agents of mycobacterial infections.
Therefore, it is important to establish new and safe alternative methods of controlling this
blowfly.

Methods The insecticidal effectiveness of four commercially available essential oils [lettuce
(Lactuca sativa), chamomile (Matricaria chamomilla), anise (Pimpinella anisum), rosemary
(Rosmarinus officinalis)] against third larval instars of L. sericata was evaluated. The
effects of sublethal concentrations of these oils on pupation rates, adult emergences, sex
ratios, and morphological anomalies were also determined.

Results The oils were highly toxic to L. sericata larvae, with median lethal concentrations
(LCs0) of 0.57%, 0.85%, 2.74%, and 6.77% for lettuce, chamomile, anise, and rosemary
oils, respectively. Pupation rates were markedly decreased after treatment with 8% lettuce
oil, and adult emergence was suppressed by 2% lettuce and chamomile oils. Morphological
abnormalities were recorded after treatment with all tested oils, and lettuce was the major
cause of deformation. There was a predominance of males over females (4 : 1) after
treatment with lower concentrations of chamomile and rosemary; such a skew toward
males would lead to a population decline.

Conclusions The four tested oils are inexpensive and may represent new botanical
insecticides for controlling blowflies.

and Calliphora vicina (Diptera: Calliphoridae) can act as
passive vectors of Mycobacterium avium sub avium,
Mycobacterium avium paratuberculosis, and Mycobacte-
rium avium hominissuis.®

and veterinary

economies. Larvae of the green blowfly, Lucilia sericata
(Meigen) (Diptera: Calliphoridae), are facultative ectopar-
asites that infest suppurative wounds. Lucilia sericata
species are distributed throughout the world, infesting
humans in America, Africa, and Asia.* Adult L. sericata
can be found in unclean places, slaughterhouses, and
butcher’s shops.” Females lay eggs in the infected wounds
of humans and animals, as well as in meat, fish, animal
corpses, and excrement.”” Nosocomial myiasis occurs in
hospitalized patients; open wounds or lesions of bedrid-
den patients may become infested if flies are in the envi-
ronment.”? Infestation and feeding activities of larvae at
the skin surface can lead rapidly to the development of
cutaneous lesions, further oviposition, debilitation, and
death.® In addition, both larvae and adults of L. sericata
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Lucilia sericata is the species most used in maggot
debridement therapy (MDT).? It has also been employed
as an alternative to surgical intervention and long-term
antiseptic therapy for the treatment of chronic wounds.*™
Sterile maggots should always be used because nonsterile
maggots employed for MDT can cause deadly infec-

I

tions.”* Maggots are capable of neutralizing a broad

spectrum of bacteria, including methicillin-resistant
Staphylococcus aureus (MRSA) in chronic wounds. How-
ever, under certain circumstances, maggots can serve as
vectors for the transmission of pathogenic bacteria and
thus should be promptly discarded after they have served
their treatment role.”® Debriding active pyoderma gangre-
nosum can result in wound enlargement (pathergy).™*

Maggot debridement therapy can be fatal if it is
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performed on wounds that are likely to communicate
with the central nervous system, a large blood vessel,
body cavity, or vital organ.”® Another potential complica-
tion of MDT is ammonia toxicity, which may lead to
encephalopathy in patients with liver failure.”

Currently, the control of blowflies is accomplished
mainly by organophosphate and synthetic pyrethroid dips
and sprays,™# ¢ as well as by insect growth regulators
(IGRs)."7"® However, these established methods are
becoming ineffective because of growing resistance to

1718 To resolve the economic and environ-

insecticides.
mental problems that result from the prolonged use of
insecticides and IGRs, many have proposed the use of
extracts from medicinal and herbaceous plants as safe
alternatives for insect control.”>**7*3 Botanical insecti-
cides are biodegradable and environmentally harmless.*"
Indeed, there is a long tradition of using essential plant
oils as insecticides and repellents in homes and animal
bedding. As natural and pleasant-smelling substances,
they are highly acceptable to the public.** In addition,
essential oils have antimicrobial effects on foods*’ and
herpes simplex virus,*® as well as wound-healing effects.*”

Certain plant extracts have been effective in controlling
L. sericata,*®3* and applied oils such as anise,>*4 cham-
omile,?’ and rosemary*>33:35 are insecticidal against some
species of medical and veterinary importance other than
L. sericata.

In vitro assays are useful as screening processes before
clinical and field applications are implemented.>>3¢ The
present study was designed to determine the insecticidal
effects of oral treatment with four essential oils on third
larval instars of L. sericata, using ingestion assays, as well
as the effects of sublethal concentrations on pupation
rates, adult emergences, sex ratios, and morphological
anomalies.

Materials and methods

Adult colonies of L. sericata were collected from Moshtohor,
Qalyubia Governorate, Egypt, using fly netting. Flies were
reared in the laboratory, according to El-Khateeb et al.*®
Four essential oils (obtained from El-Kaptain Co.,
Al-Obor, Cairo, Egypt) were tested, including: lettuce
(Lactuca sativa); chamomile (Matricaria chamomilla);
anise (Pimpinella anisum); and rosemary (Rosmarinus
officinalis). The Egyptian Ministry of Health approved
the oils for human use.

Procedures for the ingestion assays were performed
according to Smith et al.>” Early third larval instars of
L. sericata were exposed to oils at five different concen-
trations: 0.05%, 0.5%, 2%, 4%, and 8% for lettuce;
0.1%, 0.3%, 1%, 2%, and 4% for chamomile; 1%, 2%,
6%, 12%, and 24% for anise; and 0.5%, 2%, 4%, 8%,
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and 24% for rosemary. The oils were diluted in distilled
water, and Tween-8o was added as an emulsifier. The
procedures were replicated six times for each concentra-
tion of oil and an untreated control group. Ten larvae
were used for each replicate (60 larvae were used for each
concentration). Larvae were transferred to plastic cups,
each of which contained 20 g of meat. One milliliter of
the test material was then added. In the control groups,
larvae were treated with 1t ml of water and Tween-8o.
Larvae were maintained under laboratory conditions at
27+ 2°C, 80+ 5% relative humidity (RH), and a
16 : 8 h light : dark cycle. All assays were performed in
triplicate. Larval mortality counts were determined daily
until pupation. The developed pupae, at each concentra-
tion, were counted and placed in separate cages until
adults emerged.

As a measure of the latent biological effects of the
tested oils, pupation rates, adult emergences, and sex
ratios were determined, as well as morphological deformi-
ties of larvae, pupae, and adults. Larval mortality counts
were subjected to Probit transformation followed by
regression analysis to determine lethal concentrations
(LCso, LCoo, and LCos) using the computer program
POLO-PCO following Finney.?® Statistical analysis was
performed using spss Version 1o (SPSS, Inc., Chicago, IL,
USA). Duncan’s multiple range test was used for analysis
of variance. Pearson’s correlation coefficient and regression
analysis were used to measure the degree of association
between concentration and deformation of larvae, pupae,
and adults.

Results

The insecticidal efficacy of the tested oils increased as the
concentration increased (Table 1). The sensitivity of
L. sericata larvae to plant oils was demonstrated by LCso
values of 0.57%, 0.85%, 2.74%, and 6.77% for lettuce,
chamomile, anise, and rosemary oils, respectively. The
slope functions were 1.174, T1.223, 1.342, and T1.2719,
respectively, illustrating homogeneous responses of
L. sericata to the oils. Based on LCso values, the relative
efficacy of the oils compared with that of rosemary (as a
reference substance) indicated that lettuce, chamomile,
and anise were 12, eight, and two times, respectively,
more effective than rosemary.

Treatments of larvae conspicuously altered the biologi-
cal parameters of pupation rate, adult emergence, and sex
ratio (Tables 2 and 3). Pupation rates reached 6.67% and
10.00% after treatment with 8% lettuce and 24% anise
oil, respectively. Adult emergence completely ceased fol-
lowing treatment of larvae with 2% lettuce and chamo-
mile, 12% anise, and 24% rosemary oil. There was a
predominance of males (ratio 4 : 1) after treatment with
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Table 1 The efficacy of essential oils on

Lucilia sericata administered through Relative

ingestion assays Applied oils LCso LCqo LCos efficacy Slope
Lettuce 0.57 7.00 14.27 12 1.174 £ 0.222
Chamomile 0.85 9.47 18.76 8 1.223 + 0.346
Anise 2.74 24.68 46.04 2 1.342 + 0.405
Rosemary 6.77 76.31 151.60 1 1.219 + 0.574

Data are given in concentration (%).

Table 2 Effects of lettuce and chamomile essential oils on some biological factors of Lucilia sericata

Pupation Adult Larval Pupal Adult

Materials Concentration, % rate emergence M:F deformity, % deformity, % deformity, %
Lettuce 0.05 90.00° 77.78° 13:1 0.00° 14.819 9.52°

0.5 50.00° 26.67° 1.0:1 13.33¢ 26.67° 50.00°

2 23.33¢ 0.00¢ - 23.33° 28.57° -

4 13.33° 0.00¢ - 40.00° 50.00° -

8 6.67' 0.00¢ - 56.67% 0.00° -

Control 96.672 93.10° 11:1 0.00° 0.00° 0.00°
Chamomile 0.1 90.00° 51.85° 40:1 6.67° 22.224 0.00

0.3 70.00° 42.86° 35:1 16.67% 28.57° 0.00

1 43.33¢ 30.77¢ 3.0:1 26.67° 30.77° 0.00

2 30.00° 0.00° - 30.00° 33.332 -

4 20.00' 0.00° - 33.33° 33.337 -

Control 93.332 100.00? 12:1 0.00° 0.00° 0.00

M, male; F, female.
Numbers within a column followed by the same superscript letter (a—f) are not significantly different (P > 0.05, Duncan’s
multiple range tests, spss software).

Table 3 Effects of anise and rosemary essential oils on some biological factors of Lucilia sericata

Pupation Adult Larval Pupal Adult
Materials Concentration, % rate emergence M:F deformity, % deformity, % deformity, %
Anise 1 66.67° 90.00° 1.3:1 6.67% 5.00% 5.56°
2 46.67° 78.57° 12:1 10.00° 14.29° 9.09°
6 30.00¢ 77.78° 1.3:1 13.33° 22.22° 14.292
12 20.00° 0.00¢ - 20.00% 33.33% -
24 10.00f 0.00¢ - 0.00° 33.33% -
Control 93.53° 93.332 1.0:0 0.00° 0.00° 0.00¢
Rosemary 0.5 90.00° 55.56° 40:1 0.00° 18.522 26.67°
2 73.33° 22.73° 40:1 13.33¢ 13.64° 40.00°
4 60.00° 16.67¢ 2.0:1 20.00° 11.11° 33.33°
8 43.33° 15.38° 1.0:1 26.67° 7.69¢ 0.00¢
24 23.33 0.00' - 43.33% 0.00° -
Control 96.67° 96.55° 12:1 0.00° 0.00° 0.00¢

M, male; F, female.
Numbers within a column followed by the same superscript letter (a—f) are not significantly different (P > 0.05, Duncan’s multi-
ple range tests, spss software).

lower concentrations of chamomile and rosemary oils, Morphological abnormalities were pronounced after
but the ratios were not greatly changed after treatment treatment with all four oils (Tables 2 and 3). Lettuce was
with lettuce and anise oils. the foremost cause of deformation (Fig. 1) in larvae
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Figure 1 Morphological abnormalities after treatment with
essential plant oils. Larval abnormalities include: (1) a small,
shrunken larva with diffuse brown pigment; (2) a weak cuti-
cle with ulceration (arrow); (3) a weak cuticle with ulcera-
tion (arrows) and patches of brown pigment; and (4) a
twisted larva with diffuse brown pigment. Pupal deforma-
tions include: (1) a puparium with an abnormal eclosion fis-
sure; (2) a larviform puparium; (3) a small cracked puparium
with a central groove (arrow); and (4) a small and distorted
puparium. Adult anomalies include: (1) a deformed wing; (2)
a deformed wing and legs; (3) a crumpled wing and
deformed legs; and (4) a small, crumpled, poorly developed
adult

1 2

Normal
Pupa

Normal
Adult

(57%), pupae (50%), and adults (50%), resulting in
small, shrunken, pigmented, and twisted larvae, as well
as larvae with weak ulcerated cuticles. Pupal malforma-
tions included small, larviform, cracked, and distorted
puparia. Adult deformities included small total size and
deformities of the wings, abdomen, and legs.

In general, there was no significant relationship
between the concentration of oil and deformation, except
in four cases, for lettuce, chamomile, rosemary, and anise
oils. A P-value of <o.05 was considered statistically sig-
nificant. The results showed a significant linear relation-
ship between concentration and deformation of larvae
treated with lettuce oil (r* = 0.973; thus the concentration

explains about 97.3% of the variation in deformation;
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the simple linear equation is y = 5.218 + 7.012x), chamo-
mile (7* = 0.674, y = 10.084 + 7.096x), and rosemary
(r* = 0.851, y = 6.341 + 1.685x). A significant relation-
ship was also found for pupae exposed to anise oil
(r* = 0.733, y = 8.191 + 1.312x%).

Discussion

Larvae of L. sericata induce myiasis in humans™> and
animals (especially domestic sheep)>®7 and contribute to
the spread of organisms that cause mycobacterial infec-
tions.® Our data demonstrate the insecticidal effects of
four plant essential oils against L. sericata. Lethal effects
increased as concentrations of oils increased, and inhibi-
tion of development occurred at sublethal concentrations.
Notes for guidance published by the Working Party on
the Efficacy of Veterinary Medicines (European Commis-
sion I11/3682/92-EN)?° indicate that the overall effective-
ness of ectoparasiticides for treating infestation by diptera
species should be between 80% and 100% and preferably
greater than 90%. The efficacy of the applied oils meets
these criteria.

Blowfly strike is currently controlled primarily by the
prophylactic use of chemical insecticides (diazinon, high
cis-cypermethrin, alpha-cypermethrin, deltamethrin), as
IGRs
ron)."#*®'7 Despite the benefits of these agents, wide-

well as (cyromazine, dicyclanil, diflubenzu-
spread use and the massive application of insecticides
have resulted in pest resistance'”'® and environmental
pollution.*® Myiasis*"#* and other ectoparasites*>*+ may
be treated

ivermectin is associated with impaired male fertility in

successfully with ivermectin. However,
mice,*’ rats,*® cattle,*” and sheep,*® and with neonatal
toxicity in rats.*? Healthcare providers now face a serious
lack of new commercial insecticides.?’

Plant extracts have been studied recently to determine
their larvicidal, adulticidal, and repellent potential. Plant
essential oils consist of numerous different, mostly vola-
tile low molecular weight (LMW) terpenoids,** which
influence the behavioral responses of pests, with the
monoterpenoid components appearing most useful as
insecticides or antifeedants.’®

Low molecular weight terpenoids may be too lipophilic
to be soluble in the hemolymph, a fluid in the body cavi-
ties and tissues of invertebrates, which, in arthropods,
functions as blood and in some other invertebrates func-
tions as lymph; after crossing the cuticle, the trachea is
the proposed route of entry.’’ According to Priestley
et al.,’* most insecticides bind to receptor proteins in the
insect and, in so doing, interrupt normal neurotransmis-
sion, which leads to paralysis and, subsequently, to death.
Recent evidence’* suggests that LMW terpenoids may
also bind to target sites on receptors that modulate

© 2011 The International Society of Dermatology
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nervous system activity. Ionotropic gamma aminobutyric
acid (GABA) receptors, the targets of the organochlorine
insecticides lindane and dieldrin, are modulated by LMW
terpenoids with varied structures.’*

The four applied oils tested in this study were highly
effective against L. sericata larvae, with LCso values of
0.57%, 0.85%, 2.74%, and 6.77% for lettuce, chamo-
mile, anise, and rosemary, respectively. These oils retarded
larval growth at sublethal concentrations. Comparable
results have been reported after treatment of L. sericata
with fenugreek, celery, radish, and mustard oils (LCso
2.81%, 4.60%, 6.93%, and 7.92%, respectively)*® and
commercial neem extracts, Nivaar, Neem Azal T/S, and
Bio Dux (LCso 0.4%, 1.3%, and 4%, respectively).*®
Lower concentrations of some extracts, such as American
(Chenopodium

3T

(Thymus vulgaris),’

wormseed ambrosiodes) and thyme
are effective against L. sericata, as
are the volatile oils of dill (Anethum graveolens) and
burnoof (Conyza dioscoridis).>® Great retardation of Para-
sarcophaga aegyptiaca (Diptera: Sarcophagidae) larval
development was caused by dill and burnoof oils (LCso
were 70 ppm and 150 ppm, respectively).*®

To understand why rosemary was the least toxic oil in
our study, we employed ingestion assays and compared
the lethal activities of oils using both a filter paper con-
tact bioassay and a fumigation assay. We found that mea-
surement of potency differs depending on test method.
For example, rosemary, eucalyptus, and pennyroyal oils
are more effective when tested in closed containers than
in open ones, indicating that the effect of these oils is
mainly related to the vapor phase, which has high fumi-
gant toxicity.’* Variation in assay results may reflect
differences in the tested species, assay methods, and oil
exposure times. In our study, treatment with sublethal
concentrations adversely affected some biological aspects,
including pupation rates and adult emergences. Such
results have been observed in many myiasis-causing flies
exposed to other oils, including fenugreek, celery, radish,
and mustard oils,*® as well as with neem extracts®®
against L. sericata, pomegranate (Punica granatum)
against Chrysomyia albiceps (Diptera: Calliphoridae)*?
and clove (Eugenia aromatica) and thevetia (Thevetia
peruvine) oils against P. aegyptiaca.*® In addition, sesame
(Sesamum indicum), nigella (Nigella sativa), and onion
(Allium cepa) oils adversely affect pupation and adult
emergence rates of the housefly, Musca domestica (Dip-
tera: Muscidae), and the house mosquito, Culex pipiens
(Diptera: Culicidae).**

Our data show a preponderance of males over females
(4 : 1) after treatment of larvae with sublethal oil concen-
trations, especially with chamomile and rosemary, which
could lead to the demise of the L. sericata population.
Analogous sex ratios have been recorded after treatment

© 2011 The International Society of Dermatology
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of L. sericata with mustard oils (3 : 1), fenugreek and
celery (2 : 1), and radish (1.5 : 1),*® P. aegyptiaca with
thevetia and clove oils (1.2 : 1),>° M. domestica with not
only plant oils of sesame (3.7 : 1), nigella (2.3 : 1), and
onion (1.7 : 1) but also with IGRs diflubenzuron (5.0 : 1)

** and Cx. pipiens with onion

and pyriproxfen (3.3 : 1),
(2.5 : 1) and sesame oils (2.3 : 1).** Morphological anom-
alies occurred after treatment with all tested oils and
lettuce oil was the major cause of deformation. Similar
have been

malformations in myiasis-producing flies

observed after treatment with several plant extracts, such
as fenugreek, celery, radish, and mustard oils,*® neem,*®
New Zealand gymnosperms,” pomegranate,®® dill,
burnoof, clove, and thevetia oils.*® Comparable abnormal-
ities have also been observed in M. domestica after treat-
ment of third larval instars with sesame, nigella, and onion
oils, and with IGRs diflubenzuron and pyriproxyfen.**
Abnormalities may be attributable to the metamorphosis-
inhibiting effect of the plant oils, via the disturbance of
hormonal control, which would suggest that plant
oils have some influence on insect growth regula-

tion, T9:20>22:23

28:29 The presence of larviform puparia may
result from larvae that fail to contract to the pupal stage
because of muscle paralysis, but the pupa cuticle melanizes
because the enzymatic process of tanning continues.*® Fail-
ure of adult emergences may be attributable to a combina-
tion of two or more of the following factors: unsaturated
fatty acids accelerate the process of melanization and hard-
ening of larvae (thus adults are unable to extricate from
the pupal excuviae); there is insufficient pressure in the
ptilinum, or hardening of the opercular suture occurs.*®
Essential oils express insecticidal activities against sev-
eral insects other than L. sericata. Extracts of rosemary
have potential as natural larvicides and have shown
adverse effects on pupae and adults developed from
of Cx. pipiens (LCso 6.58 ppm, 16.54 ppm,
19.15 ppm, and 43.75 ppm, respectively for acetone, hex-
ane, ethanol, and diethyl ether extracts).”> Rosemary oil

larvae

reduces the hatchability of eggs (62.65%) and adversely
affects some biological aspects of the potato tuber moth,
Phthorimaea operculella (Lepidoptera: Gelechiidae).’®
Rosemary and chamomile oils had lethal effect against
the buffalo louse, Haematopinus tuberculatus (Phthira-
ptera: Haematopinidae), for which LCso values of in vitro
assays were 18.67% and 22.79%, respectively.?’
Chamomile oil showed in vitro ovicidal activity toward
eggs of H. tuberculatus.’>> In addition, when used as a
pour-on treatment, it significantly reduced the number of
lice infesting buffaloes for four days post-treatment and
expressed repellent effect for and flies infesting buffaloes,
M. domestica, Stomoxys calcitrans (Diptera: Muscidae),
Haematobia irritans (Diptera: Muscidae) and Hippo-
bosca equina (Diptera: Hippoboscidae) for six days post-
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treatment. No adverse effects were noted on either animals
or pour-on operators after exposure to the applied oils.?’
Anise oil is highly ovicidal and larvicidal, whereas rose-
mary oil is ovicidal and repellent against three Culicidae
mosquito species, Anopheles stephensi, Aedes aegypti,
and Culex quinquefasciatus.?> Furthermore, anise oil
demonstrated repellent effects against a wide range of
insects, such as Cx. pipiens** and the human head louse,
Pediculus humanus capitis (Anoplura: Pediculidae).?#
Volatile oils reduce egg hatchability via the toxicity of
oil vapors against eggs®> or as a result of chemical ingre-
dients which may diffuse into eggs, thus affecting vital
processes associated with embryonic development.’® The
ovicidal and deterrent effects of anise,>*3* rosemary,’?
and chamomile oils?> could be utilized in prophylaxis
against myiasis infestations. Studies have demonstrated
the in vitro pediculicidal efficacy of some essential oils
against female head lice that infest humans. Eucalyptus
(Eucalyptus globules), rosemary, and pennyroyal (Mentha
Pulegium, a member of the mint genus) oils were found
to be at least as effective, if not more so, against P. h.
capitis than d-phenothrin and pyrethrum, two commonly
used pediculicides.’? Essential oils, in particular, penny-
royal, tea tree and anise, have potent insecticidal activity
against head lice and their eggs.** Eucalyptus globulus
leaf oil-derived monoterpenoids are highly toxic to eggs
and females of the human head louse.’” Pennyroyal and
its benzyl component are effective repellents against
P. h. capitis.’®  Furthermore,
monoterpenoids, which have lousicidal and ovicidal

essential oils contain
effects against P. humanus.’* Peppermint and rosemary
oils are reported to control such lice.’"

Prevention of myiasis, especially hospital-acquired
infestations, can be accomplished by maintaining clean
dressings on wounds, placing screens over windows to
prevent fly entry, and installing electrocutors on the walls
of rooms and corridors to kill any flies that do enter.?
For human safety, myiasis-producing flies should be con-
trolled, especially around slaughterhouses and sheep
farms.®” Botanical control may be achieved by farm prac-
tices such as tail docking, shearing, appropriate control of
gastrointestinal nematodes, and the removal of fecally
soiled wool."* Larvae and adults of L. sericata can also
spread causal agents of mycobacterial infections; this
should be considered during sanitation processes in
infected herds and in managing slaughterhouses in which
the materials from animals affected by mycobacterial
infections are processed.®

Conclusions

The control of blowflies is important in terms of both
human welfare and national economy but presents chal-
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lenges concerning the identification of new, safe, and
environmentally acceptable insecticides. The four essential
oils tested in this study not only killed larvae when used
at high concentrations but also induced morphological
abnormalities that inhibited metamorphosis at sublethal
concentrations. These oils can prevent adult emergence
and protect against reinfestation. Further investigations
into the efficacies of these oils may lead to the future
development of effective natural blowfly control agents
that could be integrated into other pest management pro-
grammes. Therefore, we recommend these essential plant
oils for clinical and field evaluations.
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