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LARVICIDAL EFFECT OF THE JUVENILE 
HORMONE MIMIC PYRIPROXYFEN ON CULEX PIPIENS 

MOHAMED M. EL-SHAZLY1 AND BARAKA M. REFAIE2 

ABSTRACT The larvicidal activity of the juvenile hormone mimic pyriproxyfen was evaluated against the 
4th larval instar of Culex pipiens under 5 constant temperatures in the laboratory. Toxicity of this insect com- 
pound increased with temperature. The 50% lethal concentrations ranged between 0.001 11 ppm at 20°C and 
0.00013 ppm at 32°C. A similar trend was observed for the 90% lethal concentrations, which varied from 0.00379 
ppm to 0.00024 ppm at the 2 temperatures, respectively. Some effects of the compound were observed on the 
ultrastructure of the 4th-stage larval integument, where electron micrographs revealed the destruction of pro- 
cuticle lamellae, formation of cuticular vacuoles, deformed mitochondria, and destruction of nuclear envelopes 
and the epidermal layer, in addition to an increase in electron-dense lysosomelike bodies. 
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INTRODUCTION hormone mimics at appropriate times can result in 

The medical importance of Culex pipiens L. is 
well documented (e.g., Mitchell et al. 1980, John- 
son 1990, Kettle 1995). Rift Valley fever, which 
occurs only in Africa, normally is transmitted by 
mosquitoes. In 1977-78, a widespread epizootic 
and epidemic that involved an estimated 18,000 hu- 
man cases and 598 deaths occurred in Egypt (John- 
son et al. 1978). The most common and widespread 
mosquitoes were members of C s .  pipiens complex, 
from which Rift Valley fever virus was isolated, 
and laboratory transmission of the disease by Cx. 
pipiens implicated it as a major vector in Egypt 
(Hoogstraal et al. 1979). 

The overproduction of detoxifying mechanisms 
of chemical insecticides has been reported for Cx. 
pipiens (Raymond et al. 1987, 1992; Severini et al. 
1993). On the other hand, some mosquito species 
have developed high levels of resistance to micro- 
bial control agents (Rao et al. 1995). One alterna- 
tive approach is the use of insect growth regulators; 
for instance, the insect growth regulator 
methoprene has been successfully used to control 
some species of mosquitoes (Ross et al. 1994a, 
1994b; Ritchie 1997; Pinkney et al. 2000). 

The juvenile hormone mimic pyriproxyfen 
(Sumilarv-Public Health) is an insect growth reg- 
ulator that has been developed comparatively re- 
cently. Insect juvenile hormone is 1st produced in - 
the late embryo and sems to be important for nor- 
mal dorsal closure, formation of the larval cuticle, 
and differentiation of the midgut. The corpora allata 
continue to produce the hormone throughout the 
larval life until the final instar. Intermolt juvenile 
hormone influences maintenance of larval-specific 
organs and behavior, and the production of the pro- 
thoracicotropic hormone (Vennard et al. 1998). Ap- 
plication of natural juvenile hormones or juvenile 
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disruption of normal -development (Menn et al. 
1989). The objectives of this study were to deter- 
mine the efficacy, through laboratory bioassays, of 
pyriproxyfen against the larvae of Cx. pipiens un- 
der constant temperatures ranging between 20 and 
32"C, and to determine some ultrastructural chang- 
es induced in the larval integument after the appli- 
cation of a sublethal dosage of this juvenile hor- 
mone mimic. 

MATERIALS AND METHODS 

Laboratory biocrsscrys: Laboratory bioassays 
were used to determine the effectiveness of pyri- 
proxyfen as a larvicide against Cx. pipiens at con- 
stant temperatures of 20, 23, 26, 29, and 32°C. Egg 
rafts were obtained from colonies maintained at the 
Medical Entomology Research Institute (Dokki, 
Egypt), and a laboratory colony of the mosquito 
larvae was established in the Entomology Depart- 
ment, Faculty of Science, Cairo University, by fol- 
lowing common standard mosquito rearing tech- 
niques. Larval bioassays were conducted on 
l-day-old, 4th-stage larvae. 

Pyriproxyfen (technical grade, 99.5%, Sumilarv, 
Surnitomo, Chuo-ku, Osaka, Japan) was dissolved in 
water to prepare a 1% stock emulsion and 8 dilutions 
(20-fold dilutions) for each temperature. Three rep- 
licates, each consisting of 20 larvae, were used for 
each concentration. Each group of experimental in- 
sects was placed in a capped 250-m1 glass jar. All 
concentrations were prepared in 150 m1 of water and 
kept at a photoperiod of 14:10 h light: dark. Similar 
control groups were used at each temperature. 

The jars were examined daily and mortality was 
recorded until adult emergence was completed in 
the control jars. The mortality was corrected by Ab- 
bott's formula (Abbott 1925). Probit analysis (Fin- 
ney 1971) was used to determine the median lethal 
concentration (LC,,) and 90% lethal concentration 
(LC,,) at all the tested temperatures. 

The effect of temperature on the inhibition of 
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Table 1. Toxicity of pyriproxyfen against laboratory-reared' 4th-stage larvae of Culex pipiens at 5 constant 
teniperatures. 

Lethal concentration (ppm)' 
Temperature 

( " 0  LC,, 95% CL LCW 95% CL Slope 

20 0.001 1 1 0.00074-0.00 143 0.00379 0.00256-0.0057 1 2.42 
23 0.00087 0.00069-0.00 103 0.00287 0.002 1 1-0.00390 2.81 
26 0.00042 0.00027-0.00055 0.00 155 0.00 1 30-0.00 19 1 2.28 
29 0.00037 0.00023-0.00057 0.001 13 0.00068-0.00263 2.63 
32 0.000 13 0.000098-0.0001 6 0.00024 0.0001 1-0.00038 3.9 1 

' Egg rafts were ohtaincd from a colony maintained for more than 10 ycars in thc Mcdical Entomology Rcsearch Institute-Egypt 
' LC,,. median letlial concenlration; CL. cvntidc~?cc limits; LC,,,,. 90% lethal concentration. 

adult emergence by pyriproxyfen was determined 
by the use of the LC,, at each of the tested tem- 
peratures. One hundred larvae were placed in 
capped I-liter glass jars containing 600 ml of water 
in which the desired volume of pyriproxyfen for 
each temperature was mixed. Control groups were 
set LIP for each temperature in a similar I'ashion. 
The number of emerged adults was recorded. 

Effect of n .s~~hlerhal doscrge on the lnrvol itzteg- 
ument: The effect of a sublethal dosage (LC,,, at 
23°C) on the integument was examined by the use 
of electron micrographs of normal and treated 4th- 
stage larvae. Samples were prepared 72  h after 
treatment. The larvae were processed for electron 

microscopy and examined according to the proce- 
dure described by Locke and Huie (1980) with 
some modification. Control and treated larvae were 
fixed in 2.5% glutaraldehyde (0.1 M Sorensen 
phosphate buffer, pH 7.2) for 2 h at 4°C. They were 
rinsed overnight in 0.1 M phosphate buffer-sucrose 
12.5% (I :  1) and postfixed in I% oslniutn tetroxide 
(in 0.1 M phosphate buffer, pH 7.2). Larvae were 
dehydrated by passage through ethanol and propyl- 
ene oxide and then embedded in Spurr resin. The 
ultrathin sections were examined in a Philips 201 
electron microscope. Electron microscopic studies 
were conducted in [he Electron Microscopy Unit, 
Ain Shams University Hospitals, Cairo, Egypt. 

Fig. I .  Electron micrograph of a normal 3-day-oltl 4th-stage larva of C~rlox pipic,~~.\ \howin:: the fine stlucture of 
normal integument. Ep, epicuticle; Ex, exocuticle; En, endocuticle; Epl, epitlcrmis. 3,600X. 



Table 2. Emergence inhibition of Crilex pipiens by 
median lethal concentrations (LC,,sl) of pyriproxyfen at 

constant temperatures. 

Percent (%) emergence Temperature 
("c) Control Treated 

' LC,,,s arc given in Table I .  

RESULTS AND DISCUSSION 

Bioassays 

Larvae of Cx. pipiens were susceptible to the ju- 
venile hormone mimic pyriproxyfen at a11 the tested 
temperatures. However, the sensitivity of the insects 
was positively correlated to temperature. Thus, the 
LC,, was 0.00013 ppm at 32OC and increased with 
the decrease in temperature to reach 0.001 1 1  ppm 
at 20°C. A significant difference (P < 0.05) was 

P 
found between the LC,,, obtained at each tested 
temperature vs. that obtained at 32"C, as indicated 
by the absence of overlapping (or nonoverlapping) 
of the respective 95% confidence limits (Table I). 

According to our results, we suggest that this com- 
pound can be used to control Cx. pipiens over a 
wide range of temperatures. The efficacy of pyri- 
proxyfen against mosquitoes seems to be relatively 
high compared to that of other juvenile hormone 
mimics. When working with Aedes nlbopictus, Ali 
et al. (1995) cited that this juvenile hormone mimic 
was 2.23 times and 21.5 times more active than 
diflubenzuron and methoprene, respectively, where 
the LC,, of pyriproxyfen was 0.0001 1 ppm to the 
3rd- and early 4th-stage larvae. 

Our laboratory data on emergence inhibition of 
adult Cx. pipiens by pyriproxyfen are presented in 
Table 2, which shows that the emergence inhibition 
from the treatment of survivors with LC,,s gener- 
ally increased with temperature. When using this 
juvenile hormone mimic, Kawada (1993) reported 
50% emergence inhibition of Ae. albopicrus at 
0.024 ppb. Ali ct al. (1995) reported 50% emer- 
gence inhibition of the same species at 0. I I ppb. 

Effect of pyriproxyfen on the ultrastructure of 
the integument 

The  cuticle of the 4th-stage larva is characterized 
by the presence of projections o r  papillae bounded 
by the epicuticle (Figs. 1 and 2). An amorphous 

Fig. 2. Electron micrograph of a normal 3-day-old 4th-stage larva of Crrlex pipirns showing the normal compo- 
sitions of ils integument, with higher magnification. Ep, cpicuticle; Ex, exocuticle; En, endocuticle; Cul. procuticle 
lamellae. 17,000X. 
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Fig. 3. Electron microgr;lph of cpidermnl layer ol' nosrnal B-day-old 4th-stage larva of C~t1t.x- pipior.7 showing the 
mitochondria (M), basement membrane (Bm), and nt~clcus (N). 13,000X. 

(nonlamellate) exocuticle is found below the epi- 
cuticle (Figs. I and 2). The endocuticlc forms the 
bulk of the cuticle, with a group of procuticle la- 
mellae (Fig. 2). As in other insects, the multilayered 
cuticle overlays a single layer of epidermal cells 
with relatively large nuclei and mitochondria that 
are scattered through the cytoplasm (Fig. 3). The 
cuticle of 4th-stage larvae of Cx. pipiens treated 
with pyriproxyfen presents a very different profile 
from that of normal cuticle. The endocuticle ap- 
peared devoid of lamellae and some vacuoles ap- 
peared under the epicuticle (Figs. 4 and S). 

Although pyriproxyfen is a juvenile hormone 
mimic, its effect on the cuticle (Figs. 4 and S) 
somewhat resembles the effect of chitin synthesis 
inhibitors such as diflubenzuron. Thus, the integu- 
ment of pyriproxyfcn-treated larvae of Cx. pipiens 
exhibits an amorphous cuticular region instead of 
normal lamellate cuticle. This evidence indicates 
that pyriproxyfen interferes with the deposition of 
normal cuticle, causing inhibition of procuticle for- 
mation. The same effect was observed with ben- 
zoylphenyl ureas such as diflubenxuron, hexafli~ron, 
and teflubenzourn on Lucilia cuprina Wied. (Dip- 



Fig. 4. Electron micrograph of the integument of 3-day-old 4th-stage larva of C~rlex- pipens treated with pyripro- 
xyfen showing presence of vacuoles (V), destruction of nuclear envelope (Ne), and cpidcrmal layer (Epl). Ep, epicu- 
ticle; Ex, exocuticle; En, endocuticle; N. nucleus. 13,000X. 

tera: Calliphoridae) (Binnington 1985) and Leptin- 
orcrr.sti drcernlineatcr (Say) (Coleoptera: Chryso- 
melidae) (Hegazy et al. 1989a, 1989b; Degheele 
1990). 

On the other hand, pyriproxyfen caused drastic 
effects on the epidermal cells, where the nuclei 
shrank, nuclear membranes ruptured (Fig. 4), and 
vacuoles appeared in the cells. The mitochondria 
appeared swollen, enlarged, o r  even completely de- 
stroyed (Fig. 6). Similarly, hexafluron and tefluben- 
zuron caused drastic effects on the mitochondria of 

larvae of Spodoptera litcv-alis (Bosid), in which 
case, many vacuoles and enlarged mitochondria 
could be seen (Hegazy 1990). The appearance of 
vacuoles can be considered to be an immune re- 
sponse stimulated by the exposure of larvae to the 
compound. Epidermal phagic vacuoles and vacu- 
oles induced by cuticle abrasions have been docu- 
ment by Locke (1 998). 

After treating larvae of Cx. pipiens with 
pyriproxyfen, an increase generally occurrecl in the 
electron density of all the ultrastructural compo- 
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Fig. 5. High magnification of larval integument of 3-tl;~y-old 4th-bt;~ge larva of Clrlet pi/>ic'~r~ tre;tted with p):ripro- 
xyfen showing destruction of procuticle lamellae (arrow) and presence of vacuoles (V). Ep, cpicuticlc; Ex, exocuticlc: 
En. endocuticle. 28,000X. 

nents in the cytoplasm in addition to an increase in 
the number of lysosomelike bodies, which became 
more electron-dense (Fig. 6). Juvenile hormone 111 
induces a similar effect on the hypopharyngeal 
glands of Apis mell$em (L.) Liu (1989); this aulhor 
suggested that juvenile hormone activated the ly- 
sozyme system, which caused cytolysis. Cytolysis 
could eventually lead to degeneration of the epi- 
dermal layer. Feyereisen et al. ( 198 1 ) concluded 
that precocenes trigger an extensive alkylation of 
the macromolecules in the corpora allata, and ulti- 
mately cause their destruction. The cells of the 

treated corpora allata show an aggregation of  
smooth endoplasmic reticulum and an increase in 
lytic structures (Cassier 1998). 

The use of insect growth regulators as  larvicides 
is a proven strategy in the control of some mosquito 
species. For instance Ali et al. (1995) demonstrated 
that the insect growth regulators diflubenzuron, 
methoprene, and pyriproxyfen have superior larvi- 
cidal activity against Ae. rrlbopicrus, as indicated by 
the low LCms in parts per billion. In addition, vec- 
tor control programs in southeastern Queensland, 
Australia, showed great success against Aedes vi- 



Fig. 6. High magnification of epidermal layer of pyriproxyfen-treated 3-day-old 4th-stage larva of C~ilex pipiens 
showing deformed mitochonclria (Dm) and lysosomelike bodies (Ly). 22.000X. 

gilns (Skuse) with S-methoprene (Ritchie et al. Faculty of Science, Cairo University) for his tech- 
1997). Finally, 2 conclusions can be reached from nical assistance in the present work. 
this investigation. First, comparison of our results 
with those obtained with chitin synthesis inhibitors REFERENCES CITED 
indicated that treatment with pyriproxyfen results, 
at least in similar symptoms. Second, the Abbott WS. 1925. A method of computing the effective- 

ness of an insecticide. J Econ Entornol 18:265-267. 
juvenile hormone mimic pyriproxyfen can be used Ali A, Nayar JK, De R, 1995. Comparative toxicity 
as a larvicidal agent against Cx. pipiens over a wide of selected larvicides and insect growth regulators to a 
range of temperatures. Florida laboratory population of Aedes crlbopictus. J Am 

Mosq Control Assoc 1 1 :72-76. 

ACKNOWLEDGMENT Binnington CK. 1985. Ultrastructural changes in the cu- 
ticle of the sheep blowfly, Lucilin, induced by certain 

Grateful thanks are due to E. H. Shaurub (Pro- insecticides and biological inhibitors. Tissue Cell 17: 
fessor of Insect Control, Entomology Department, 131-140. 



328 JOURNAL OF THE AMERICAN MO 

Cassier P. 1998. The corpora allata. In: Hanison FW, 
Locke M, eds. Microscopic anatomy of invertebrates 
Volume l l .  New York: John Wiley & Sons. p 1041- 
1058. 

Degheele D. 1990. Chitin synthesis inhibitors: effect on 
cuticle structure and components. In: Casida JE, ed. 
Pesticides and alternatives Amsterdam, The Nether- 
lands: Elsevier Scietific Publishers. p 377-388. 

Feyereisen R, Johnson G, Koener J, Stay B, Tobe SS. 
198 1. Precocenes as pro-allatocidins in adult female Di- 
ploptercr punctata: a functional and ultrastructural 
study. .l Insect Physiol 27:855-868. 

Finney DJ. 197 1. Prohit analysis Cambridge, United 
Kingdom: Cambridge University Press. 

Hegazy G. 1990. Comparative study of certain benzoyl- 
phenyl ureas on the integument ultrastucture of the first 
instar larvae of Spodoptera littoralis (Bosid). In: He- 
gazy G, ed. Proceedings of the 3rd Conference of Ag- 
ricultural Development Research. 1993; Cairo, Egypt. 
Cairo, Egypt: Faculty of Agriculture-Egypt Ain Shams 
University Press. p 521-529. 

Hegazy G, De Cock D, Auda M, Degheele D. 1989a. 
Diflubenzuron toxicity. effect on the cuticle ultrastruc- 
ture and chitin and protein contents of the Colorado 
potato beetle kpt ino tarsa  decemlineata (Say) (Cole- 
optera: Chrysomelidae). Meded Fac Lundbouu~wet  
Rijksuniv Gent 54:89-101. 

Hegazy G, De Cock D, Degheele D, Salem H. 1989b. 
Chitin-protein biosynthesis in the cuticle, relationships 
of four benzoylphenyl ureas in the last instar larvae of 
Leptinotarsa decemlineata (Say). Meded Fuc Landbo- 
uwwet Rijksuniv Gent 54: 103-1 14. 

Hoogstraal H, Meegan JM, Khalil GM, Adham FK. 1979. 
The Rift Valley fever epizootic in Egypt 1977-78. 2. 
Ecological and entomoglocial studies. Trans R Soc 
Trop Med Hyg 73:624-629. 

Johnson BK, Chanas AC, Tayeb E, Abdel-Wahab FA, 
Mohmoud AD. 1978. Rift Valley fever in Egypt, 1978. 
Lancet 2:745. 

Johnson RT. 1990. Arboviral encephalities. In: Warren KS, 
Mahmoud AF, eds. Tropical and geographical medicine 
New York: McGraw Hill. p 69 1-700. 

Kawada H. 1993. Can mosquitoes be carriers of larvi- 
cides? Potential new strategy for mosquito control using 
insect growth regulator. In: Proceedings of the Inter- 
national Conference on Insect Pests in Urban Environ- 
ments Cambridge, United Kingdom. p 14-17. 

Kettle DS. 1995. Medical and veterinary entomology 2nd 
edition. Cambridge, United Kingdom: CAB Internation- 
al. 

Liu TP. 1989. Juvenile hormone 111 induce ultrastructural 
changes in the hypopharyngeal glands of honey bee 
Apis mellifera L. (Hymenoptera: Apidae) without and 
with infection by Nosemu crpis Zander (Microsporidae: 
Nosernatidae). Int J Insect Morph01 Embryo1 18:73-83. 

Locke M. 1998. Epidermis. In: Harrison FW, Locke M, 

eds. Microscopic anatomy of invertebrates Volume 1 1. 
New York: John Wiley & Sons. p 75-138. 

Locke M, Huie P. 1980. Ultrastructure methods in cuticle 
research. In: Miller TA, ed. Cuticle techniques in ar-  
thropods Berlin, Germany: Springer. p 91-142. 

Menn J. Raina AK, Edwards JP. 1989. Juvenoids and neu- 
ropeptides as insect control agents: retrospect and pros- 
pects. In: McFarlane NR, ed. Progress and prospects 
in insect control Cambridge, United Kingdom: BCPC, 
Farnham. p 87-105. 

Mitchell CJ, Francy DE, Monath TP. 1980. Arthropod 
vectors. In: Monath TP, ed. St. Louis encephalitis Wash- 
ington, DC: American Public Health Association. p 
3 13-380. 

Pinkney AE, McGowan PC, Murph DR, Lowe TP, Spar- 
ling DW, Ferrington LC. 2000. Effects of mosquito lar- 
vicides temephos and methoprene on insect populations 
in experimental ponds. Environ Toxicol Chem 19:678- 
684. 

Rao DR, Mani TR, Rajendran R, Joseph AS, Gjanana A, 
Reuben R. 1995. Development of high level of resis- 
tance to Bacillus sphaericus in a field population of 
Culex quinquefasciatus from Kochi. India. J Am Mosq 
Control Assoc 1 1 : 1-5. 

Raymond M, Marquine M, Pasteur N. 1992. Role of mu- 
tation and migration in the evolution of insecticide re- 
sistance in the evolution of insecticide resistance in the 
mosquito Culex pipiens. In: Denholm I, Devonshire 
AL, Hollomo DW, eds. Achievements and developments 
in conzbating pesticide resistance. London: Elsevier 
Applied Science. p 19-27. 

Raymond M, Pasteur N, Georghiou GP. 1987. Inheritance 
of clorpyrifos resistance in Culex pipiens L. (Diptera: 
Culicidae) and estimation of the number of genes in- 
volved. Heredity 58:35 1-356. 

Ritchie SA, Asnicar M, Kay BH. 1997. Acute and sub- 
lethal effects of (S)-methoprene on some Australian 
mosquitoes. J Am Mosq Control Assoc 13: 153-155. 

Ross DH, Cohle P, BlasC PR, Bussard JB, Neufield K. 
1994a. Effects of the insect growth regulator (S)-meth- 
oprene on the early life stages of the fathead minnow 
Pimephales pronzelas in a flow-through laboratory set- 
ting. J Am Mosq Control Assoc 10:21 1-221. 

Ross DH, Judy D, Jacobson B. Howell R. 1994b. Meth- 
oprene concentrations in freshwater microcosms treated 
with sustained-release Altosidm formulations. J A m  
Mosq Cotztrol Assoc 10:202-2 10. 

Severini C, Rom R, Marinucci M, Raymond M. 1993. 
Mechanisms of insecticide resistance in field popula- 
tions of Cu1e.r pipiens from Italy. J Am Mosq Control 
Assoc 9: 164-168. 

Vennard C, Nguama B. Dilton RJ, Oouchi H, Charnley 
AK. 1998. Effects of the juvenile hormone mimic pyr- - 
ipoxyfen on egg development, embryogenesis, larval 
development, and metamorphosis in the desert locust, 
Schistocerca greguriu (Orthoptera: Acrididae). J Econ 
Entomol 9 1 :4 1-49. 


