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Biological effect of 1-dodecanol in teneral and post-teneral
Rhodnius prolixus and Triatoma infestans (Hemiptera: Reduviidae)

Gastén Mougabure Cueto/™*, Eduardo Zerba*, Maria Inés Picollo

Centro de Investigaciones de Plagas e I nsecticidas, Juan Bautistade la Salle 4397 (B1603AL0O), VillaMartelli, BuenosAires,
Argentina* Universidad Nacional de General San Martin, Escuela de Postgrado, San Martin, BuenosAires, Argentina

Topical application of 1-dodecanol was significantly more toxic against teneral first nymphs (1-3 h old) than
post-teneral first nymphs (24 h old). Thelethal doseratioswere 711,500 for Rhodnius prolixus and 3613 for Triatoma
infestans. No significative difference between LDy, was found when 1-dodecanol was injected in recently hatched
adult R. prolixus (1-4 h old) nor in older adults (24 h old). These values were similar to those calculated for
deltamethrin (an effective triatomicide), showing that 1-dodecanol had no insecticidal properties when it was
applied by injection. Topical application of high dose of 1-dodecanol (1 pg/i) on teneral first nymphsof R. prolixus,
produced an interruption of the darkening process of the cuticle, and probably in the development of its physiologi-

cal properties.
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Rhodnius prolixus Stahl, 1859 and Triatoma infestans
(Klug, 1834) (Hemiptera: Reduviidae) arethe major vec-
tors of Chagasdiseasein Latin America. Asno vaccine or
suitable drugs are available, the control of this disease
relies on the vector control by insecticide application in
theinfested houses. The use of these compoundsrequires
caution to avoid toxicity to man and other non-target or-
ganisms. Moreover the development of insecticide resis-
tance in field populations was aready demonstrated by
Vassenaet al. (2000). Studies about safe compoundswith
insecticidal properties acting on novel targets are neces-
sary for better alternative control against triatomine vec-
tors.

Aliphatic alcohols (from C2 to C18) showed ovicide
and larvicide effect against the mosguitoes Aedes aegypti
Linneo and Aedes scutellaris Walker. In particular, 1-
decanol, 1-undecanol and 1-dodecanol proved to be
highly effective on eggs, larvae and pupae of both spe-
cies(Sinniah 1983). Mougabure Cueto et a. (2002) dem-
onstrated insecticide activity of aliphatic alcoholsagainst
susceptible and permethrin-resistant Pediculus humanus
capitis. The highest activity was found for the 1-
dodecanol and the lowest for 1-octanol. Toxicity to head
lice increased with the increase in carbon atoms in the
alcohol and was not correlated with resistance to
permethrin. Another work showed that the addition of 1-
dodecanol to d-phenothrin lotions, increased the pyre-
throid insecticide activity to head lice (Mougabure Cueto
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2000). Theinsecticidal activity of aliphatic alcoholswas
attributed to some effect on the cuticle structure. For head
lice, it was concluded that the aliphatic al cohol must par-
titioned between the water of the lotion and the epicu-
ticular waxed layer of theinsect, and derivatives of greater
hydrophobic should move readily into the head lice wax
(Mougabure Cueto et a. 2002). The lack of correlation
between permethrin resistance and acohol pediculicide
activity was attributed to a mode of action different to
pyrethroid. Enhancement of pediculicidal activity pro-
duced by the incorporation of 1-dodecanol to experimen-
tal lotions, was attributed to a higher penetration of the
insecticide due to the cuticle damage produced by the
alcohol (Mougabure Cueto et al. 2000).

Theaim of thisstudy wasto investigate the biological
effect of 1-dodecanol against R. prolixusand T. infestans,
and the rel ationship between the triatomicide activity and
the cuticle devel opment.

MATERIALSAND METHODS

Insects- R. prolixusand T. infestans susceptible strains
(CIPEIN strain) reared in the laboratory at 28 + 1°C, 50-
60%r.h. and 12:12 hlight-dark period. Teneral first nymphs
and post-teneral first nymphs were selected for topical
application. Teneral first nymphs aged from 1 to 3 h old,
and post-teneral first nymphs aged from 24 to 36 h old.
Teneral adultsand post-teneral adultsof R. prolixuswere
selected for the injection bioassay. Teneral adults aged
from 1to 4 h old, and post-teneral adults aged from 24 to
48hold.

Chemicals- 1-dodecanol (98%, Aldrich, Milwakee, WI,
US), deltamethrin (97%, AgrEvo, Buenos Aires, Argen-
tina).

Bioassay - R. prolixus and T. infestans first nymphs
were treated by topical application (0.1 pl and 0.2 pl re-
spectively) of 1-dodecanol solutions on the dorsal abdo-
men, according to the WHO (1994) protocol. R. prolixus
adultsweretreated by injection inthetibia-femur articular
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membrane, with 1 pl of deltamethrin or 1-dodecanol in
oliveail, according to Wood et a. (1993). Post treatment,
the insects were kept at breeding condition and the mor-
tality were recorded at 24 h. The criterion for mortality
was inability of insects to walk over afilter paper 7 cm
diameter (first nymphs) or 11 cm diameter (adults).

R. prolixusteneral first nymphs, weretreated by topi-
cal application of 0.1 pl of 1-dodecanol in acetone (10%
p/v) on the dorsal abdomen and kept at breeding condi-
tion to observe the effect of the treatment on the darken-
ing process of the cuticle.

Satistical analysis - Values of DL 5, were calculated
by probit analysis (Lichfield & Wilcoxon 1949) and were
expressed as nanograms of 1-dodecanol (ng a.i.) per treated
nymph, and micrograms of 1-dodecanal (g a.i.) per treated
adult. Lethal doseratio (LDR) and 95% C.|. were calcu-
|ated as described by Robertson and Preisler (1992). The
observed mortality data were corrected for control mor-
tality using Abbott’sformula (Abbott 1925).

RESULTS

Table | summarizes probit analysis of dose-mortality
values for first nymphs of R. prolixus and T. infestans,
after topical application with 1-dodecanol. For both spe-
cies, teneral nymphswere significantly more sensitive than
the post-teneral nymphs. Results of the comparative effi-
cacy of 1-dodecanol injected in R. prolixus adults are
shown in Tablell. No significative difference was found
between teneral and post-teneral adults. Injection of
Deltamethrin produced significantly higher activity than
1-dodecanol against R. prolixus older adults (Tablel).

External appearance of 24 h old first nymph treated by
topical application with 1-dodecanol when it was 1-4 h
old is shown in Fig. 2a, and untreated teneral and post-
teneral nymphsare shown in Fig. 1laand 1b respectively.
For comparison, the external appearance of 24 h old first
nymphstreated by topical application of deltamethrin (1ug/
i) at 1-4 holdisshownin Fig. 2b. The cuticle of 24 h old
nymphstreated at teneral stage with 1-dodecanol, was as
red as recently hatched nymphs. Meanwhile cuticle of
the nymphstreated with deltamethrin showed as black as
control post-teneral nymphs.

DISCUSSION

Topical application of 1-dodecanol was more toxic
against recently hatched first nymphs than older first
nymphs (711.5x). LD, values for teneral nymphs were
similar to those reported for the insecticide deltamethrin
(Vassena et al. 2000). These results suggested that the
cuticle could play animportant rolein triatomineintoxica-
tion by 1-dodecanol, as well as an external target or asa
weak first barrier to reach aninternal target. However, 1-
dodecanol activity didn’t show significative difference
between teneral and post-teneral adults when the cuticle
barrier wasavoided. In addition, the darkening process of
the cuticle was affected by the application of 1-dodecanol.
These results supported the hypothesis that the insecti-
cide activity of 1-dodecanol could be associated with the
developing cuticle. Similar mode of action was proposed
for the insecticidal effect of aliphatic alcohols against
Aedes spp. (Sinniah 1983). According to this author, the
alcohols were able to penetrate the eggs, larvae and pu-
pae of the mosquitoes by breaking down thelipid compo-

TABLE

Insecticide sensitivity of Rhodnius prolixus and Triatoma infestans teneral (t) and post-teneral (pt) first nymphs (NI),
treated with 1-dodecanol (do) or deltamethrin (delta) by topical application

Treatment NI n Stao LDgq (ngfi) (95% CL) LDR2(95% CL)
R. prolixus
do t 0] 39+1.06 0.03 (0.02-0.05) -
do pt 132 52+0.73 18700 (16400-21200) 711500 (454200-1115000)
deltab pt 89 - 0.010 (0.007-0.016) -
T. infestans
do t 120 2+0.68 9.1(4.4-24.2) -
do pt 120 21+0.73 32900 (15800-49800) 3613 (1401-9319)
deltaP pt 50 - 0.10 (0.06-0.16) -

a: lethal dose ratio (Robertson & Preisler, 1992); b: Vassena et al. (2000)

TABLEII

1-dodecanol (do) and deltamethrin (delta) sensitivity of Rhodnius prolixus teneral (t) and post-teneral (pt) adults (A),
treated by injection

Treatment A n Sto LDg, (ug/i) (95% CL)  LDR2(95% CL) LDR b (95% CL)

do t 60 224092 160.8 (70.3-350.3) - -

do pt 132 1.6+ 0.60 436.8 (253.2-2025.3)  2.72(0.89-8.32) 145700 (50600 - 419200)
delta pt 45 2.2+064 0.003 (0.001-0.005) - -

a: lethal dose ratio post-teneral/teneral adults (Robertson & Preisler 1992); b: lethal dose ratio 1-dodecanol/deltamethrin for post-

teneral adults (Robertson & Preisler 1992)
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Fig. 1: externa appearance of untreated nymphs |. a: teneral nymph;
b: post-teneral nymph

Pl
/\

/f""'

sition. For the triatominae here studied, the 1-dodecanol
could produce an interruption in the cuticular tanning
process and consequently in the devel opment of the physi-
ological properties. Some alterationsin theimpermeabil-
ity of the cuticle could lead to the dehydration and the
death of the treated nymph.

REFERENCES

Abbott WS 1925. A method of computing the effectiveness of
an insecticide. J Econ Entomol 18: 265-267.

Lichfield JT, Wilcoxon FJ1949. A simplifed method of evalu-
ating dose-effect experiments. J Exp Therap 96: 99-100.

Mougabure Cueto G, Gonzalez Audino P, Vassena CV, Picollo
M1, ZerbaEN 2002. Toxic effect of aiphatic alcoholsagainst
susceptible and permethrin-resistant Pediculus humanus
capitis (Anoplura: Pediculidae). J Med Entomol 39: 457-
460.

Mougabure Cueto G, Vassena C, Gonzalez Audino P, Picollo,
M1, Zerba EN 2000. Efectividad de lociones capilares sobre

Fig. 2: external appearance of 24 h old first nymph treated by
topical application at teneral stage. a: with 1-dodecanol; b: with
deltamethrin (1 pg/i)

poblaciones de Pediculus capitis resistentes ainsecticidas.
Acta Toxicol Argentina 8: 10-12.

Robertson JL, Preisler HK 1992. Pesticide Bioassays with
Arthropods, CRC Press, London.

Sinniah B 1983. Insecticidal effect of aliphatic a cohols against
aquatic stages of Aedes mosquitoes. Trans R Soc Trop Med
Hyg 77: 35-38.

Vassena CV, Picollo M, Zerba EN 2000. I nsecticide resistance
in Brazilian Triatoma infestans and Venezuelan Rhodnius
prolixus. Med Vet Entomol 14: 51-55.

WHO-World Health Organization 1994. Protocolo de
evaluacion de efecto insecticida sobre triatominos. Acta
Toxicol Argentina 2: 29-32

Wood E, Picollo de Villar MI, Zerba EN 1993. Comparacion
entrelavariacion delacapacidad detoxificantey ladiferente
susceptibilidad a insecticida malation entre ninfas V de
distinta edad de Triatoma infestans. Anal Asoc Quim Ar-
gentina 81: 153-162.






