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The toxicity of Eugenia caryophyllata bud and leaf oil-derived compounds (acetyleugenol, 5-caryo-
phyllene, eugenol, a-humulene, and methyl salicylate) and congeners of eugenol (isoeugenol and
methyleugenol) against eggs and females of Pediculus capitis was examined using direct contact
application and fumigation methods and compared with those of the widely used d-phenothrin and
pyrethrum. In a filter paper diffusion bioassay with female P. capitis, the pediculicidal activity of the
Eugenia bud and leaf oils was comparable to those of d-phenothrin and pyrethrum on the basis of
LTso values at 0.25 mg/cm?2. At 0.25 mg/cm?, the compound most toxic to female P. capitis was
eugenol followed by methyl salicylate. Acetyleugenol, 3-caryophyllene, a-humulene, isoeugenol, and
methyleugenol were not effective. Eugenol at 0.25 mg/cm? was as potent as d-phenothrin and
pyrethrum but was slightly less effective than the pyrethroids at 0.125 mg/cm?2. Against P. capitis
eggs, methyl salicylate and eugenol were highly effective at 0.25 and 1.0 mg/cm?, respectively,
whereas little or no activity at 5 mg/cm? was observed with the other test compounds as well as with
o-phenothrin and pyrethrum. In fumigation tests with female P. capitis at 0.25 mg/cm?, eugenol and
methyl salicylate were more effective in closed cups than in open ones, indicating that the effect of
the compounds was largely due to action in the vapor phase. Neither 6-phenothrin nor pyrethrum
exhibited fumigant toxicity. The Eugenia bud and leaf essential oils, particularly eugenol and methyl
salicylate, merit further study as potential P. capitis control agents or lead compounds.
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INTRODUCTION use has sometimes resulted in the development of resistance

The human head lous®ediculus capitisDe Geer, is an (1 5), and increasing levels of resistance to the most commonly
ectoparasite, confined to the scalp and hair of humans. Infesta-USed pediculicides have caused multiple and overdosed treat-
tions are prevalent worldwide and especially common among Ments, fostering serious human health concels These
schoolchildren in both developed and developing countfips ( ~ Problems have highlighted the need for the development of
P. capitis infections cause skin irritation, pruritus, and sleep Selective P. capitis control alternatives, particularly with
loss, as well as occasional secondary bacterial infections fromfumigant action for ease of application to hairs.

scratching (12). Although the symptoms are relatively mild, Plant essential oils may be an alternative source of materials
infestation byP. capitis causes substantial degrees of social, for insect control because they constitute a rich source of
mental, and economic problems. In recent ye&scapitis bioactive chemicals and are commonly used as fragrances and

infestations have increased in Kor&a4). Control of this insect as flavoring agents for food additiveg) ( Because of this, much
worldwide primarily depends on continued applications of effort has been focused on plant essential oils or phytochemicals
organachlorinates (DDT and lindane), organophosphates (mala-as potential sources of commercRl capitis control agents.
thion and temephos), carbamates (carbaryl and propoxur), andAs a traditional Chinese medicine, clov&ugenia caryophyllata
pyrethroids (permethrin and phenothrid) 2). Their repeated  Thunberg), belonging to the family Myrtaceae, has long been
considered to have medicinal properties such as a stimulant

l(sihonmkt[\laﬁ?rl?l ,UniV_?rsity- against digestive disorders and diarrhea. Ehngeniabud and

eoul National University. - . . .

§ Nafional Institute of Health. leaf essential oils contain various compounds such as acetyleu-
'Korea Forest Research Institute. genol, benzaldehyde, benzyl acetate, benzyl alcghobgryo-
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phyllene, chavicol, eugenol-humulene,m-methoxy benz- adults were removed with a fine brush. The stages tested consisted of
aldehyde, methyfh-amyl ketone, methyl salicylate, andylan- eggs and adult females. Female lice were separated from the colony
gene (8). Very little work has been done with respect to the Pased on the criteria as suggested by Ibat).( N

pediculicidal activity of theEugeniabud and leaf oils, although A filter paper diffusion bioassay was used for toxicity of the test

their biocidal activity againsribolium castaneuniHerbst) and ~ Materials to femal®. capitis. Amounts (0.125, 0.25, and 0.5 mg/m
Sitophilus zeamaigMotsch) (9, Tyrophagus putrescentiae of each test material dissolved in 24 of acetone were applied to
(Schrank) 10), Dermatophagoides farina@lughes), ander- filter papers (Whatman No. 2, 5 cm diameter). Control filter papers

h id . received 2QuL of acetone. After they were dried in a fume hood for
matophagoides pteronyssinySrouessart) (11) to suppress 2 min, each filter paper was placed on the bottom of a Petri dish (5 cm

progeny production of. castaneunandS. zeamaig9) is well- diameterx 1.2 cm). Then, batches of 20 females-@days old) ofP.

known. capitis, fed with human blood meal 4 h prior to the test, were placed
This paper describes a laboratory study in which we examined on each Petri dish containing a few strands of human hair and covered

the insecticidal activity okE. caryophyllatabud and leaf oil- with a lid.

derived compounds (acetyleugengicaryophyllene, eugenol, For P. capitis eggs, amounts (0.12% mg/cn?) of each test

a-humulene, and methyl salicylate) and congeners of eugenolcompound dissolved in 2&)_ of acetone were applied to filter papers.
(isoeugenol and methyleugenol) agaiRstapitisfemales and ~ Control filter papers received 2d. of acetone. After they were dried
eggs and investigated their pediculicidal route of action. The in @ fume hood for 1.5 min, each filter paper was placed in the bottom
structure-pediculicidal activity relationships of the phenylpro-  ©f @ Petri dish. ThenP. capitis eggs (3—4 days old) attached to hair

penes (acetyleugenol, eugenol, isoeugenol, and methyleugenolyve;e plta(;ed '2 eac? Plem Id'ShtamT Cc;vere:j W'th; lid. held at
are also discussed. reated and control (solvent only) females and eggs were held a

31+ 1°C and 65+ 5% RH in darkness. Adult mortalities were
MATERIALS AND METHODS determined every 5 min for 5 h. The toxicity of the test compounds to
the eggs was based on the number of unhatched eggs 8 days after
Chemicals.5-Caryophyllene and-humulene were purchased from  treatment. All treatments were replicated three tideBhenothrin and
Aldrich (Milwaukee, WI). Acetyleugenol, eugenol, isoeugenol, meth- pyrethrum served as a standard for comparison in toxicity tests. The
yleugenol, and methyl salicylate were supplied by Wako (Osaka, Japan),LTs, values were calculated by probit analysis (14).
Sigma (St. Louis, MO), Fluka (Buchs, Switzerland), Merck (Mohen-  pediculicidal Route of Action. Vapor phase toxicity of the test
brunn, Germany), and Kanto (Tokyo, Japan), respectiveBhenothrin compounds against femafke capitiswas investigated according to the
(92% purity) and pyrethrum extract (50%) were obtained from Hanil method of Kwon and Ahni(). Briefly, batches of 20 females{10
and Biomist (Seoul, Korea), respectively. All other chemicals were of days old) were placed on the bottom of a Petri dish (5 cm diameter
reagent grade. 1.2 cm) and covered with a lid with a fine wire sieve (4.7 cm diameter)
Head Lice. A colony of P. capitiswas collected by combing from  attached over the center hole (4.5 cm diameter). Each filter paper (5
the hair of 78 infested children (7 boys and 71 girls) at a primary school cm diameter), treated with 0.25 mg/&nf each test compound dissolved
in Songpa District, Seoul, in December 2001. The collected head lousein 20 4L of acetone, was placed over the wire sieve. This prevented
specimens were immediately transferred to a Petri dish (5 cm diameter)direct contact of test females with the test compound. Each Petri dish
with 0.01 and 1.0 mm mesh screens attached over the central holes (4yas then either covered with another lid (method A) to investigate the
cm diameter) on the lid and bottom sides, respectively, and containing potential vapor phase toxicity of the test compounds or left uncovered
a few Str_an_ds of human hair. To feed the _head lice with bloodmeal, (method B). Control filter papers received 20 of acetone.
the Petri dish was placed on the leg skin of one of the authors  Trgated and control females were held under the same conditions
(¥.-C.Y.), and maintained there for ca. 16 h everyday according to the ,eq for colony maintenance. Mortalities were determined every 5 min

method of Lee et al.12). Eggs were held at 32 1°C and 60+ 5% o1 5 b, Al treatments were replicated three times. Theg.Walues
relative humidity (RH) in darkness. Under these conditions, longevity \yere calculated by probit analysis (14).

of eggs, nymphs, and adults was ca. 6.3, 12.7, and 7.3 days, respectively.
Chromatographic Analysis of Clove Bud and Leaf Oils. E.
caryophyllatabud and leaf oils were purchased from Jin Aromatics,

Statistical Analyses.The percentage of mortality and hatchability
was determined and transformed to arcsine square root values for

. ) : analysis of variance. Treatment means were compared and separated
Anyang, Kyunggi Province, Korea. Chromatographic analyses were Y P P

performed using a Hewlett-Packard 6890 series gas chromatographggtglzrsecrheepfg?tg?t & = 0.05 (14). Means (45E) of untransformed
(GC), equipped with a splitless injector and a flame ionization detection '

system. Analytes were separated with a 0.2 mm>»*.c&0 m CBP-20

column (Shimadzu) with a film thickness 0.28n. The temperature RESULTS

program used for the analysis was as follows: initial temperature at

50°C, held for 10 min and ramped at’2/min to 200°C, held for 15 Chemical Constituents ofE. caryophyllataBud and Leaf

min. Helium was used as the carrier gas at a flow rate of 1 mL/min. Qjls. Differences in quantitative and qualitative composition
The detector gases were hydrogen and air, and their flow rates were\are observed for thEugeniabud and leaf oils by comparison
regulated at 500 and 45 mL/min, respectively. The detector temperatureOf mass spectral data and retention times of authentic compounds
was set to 250C, and the injector temperature was set to 2C0 < (Table 1). Eugeniabud oil was mainly composed of eugenol

GC-MS experiments were performed on a GC (HP 6890) MS (JM | | hvll d al .
600W, JEOL, Japan). The capillary column and temperature conditions acetyleugenol, and-caryophyllene, and also containeehu-

for the GC-MS analysis were the same as described above for GC Mulene, methyl salicylate, caryophyllene oxide, and chavicol
analysis. Helium was used as the carrier gas (1 mL/min). The interface & minor component&ugenialeaf oil was mainly composed
was kept at 230C, and mass spectra were obtained at 70 eV. The of eugenol-caryophyllene, andi-humulene, and caryophyl-
effluent of the capillary column was introduced directly into the ion lene oxide and chavicol as minor components. Methyl salicylate
source of the mass spectrometer. The sector mass analyzer was set tand acetyleugenol were not detected in the leaf oil.

scan from 50 to 800 amu for every 1.3E. caryophyllatabud and Pediculicidal Activity of the EugeniaBud and Leaf Oils.

leaf oil compounds were identified by the comparison of mass spectra The pediculicidal activity of th&ugeniabud and leaf oils along
of each peak with those of authentic samples in a mass spectra library

(The Wiley Registry of Mass Spectral Data, 6th ed.) and confirmed by with standard compqundé-phenothrln a’?d pyrethrum .Was
the comparison of retention times obtained by GC with those of €valuated by comparing the kdvalues estimated from direct
authentic samples. contact bioassayT@ble 2). As judged by the L values at
Bioassay.To synchronize the developmental stages, adults were 0.25 mg/cr, the pediculicidal activity of thé&ugeniabud and
allowed to lay eggs for 24 h as mentioned above, after which time the leaf oils was comparable to thosed@phenothrin and pyrethrum
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Table 1. Chemical Constituents of E. caryophyllata Bud and Leaf Oils
Identified by GC-MS

Yang et al.

Table 4. Effects of Test Compounds on Hatchability of P. capitis Eggs
As Determined by the Filter Paper Diffusion Bioassay

bud oil leaf oil
RT relative RT relative

compound (min) (%) (min) (%)
p-caryophyllene 40.29 7.3 40.52 15.6
a-humulene 4417 0.8 44.34 34
methyl salicylate 50.57 0.2 ND?2 ND
caryophyllene oxide 62.06 0.2 62.14 0.6
eugenol 71.26 69.8 72.02 79.5
acetyleugenol 75.40 20.9 ND ND
chavicol 78.38 04 78.36 0.1

2 Not detected.

Table 2. Toxicity of E. caryophyllata Bud and Leaf Qils and
Pyrethroids against Female P. capitis Using the Filter Paper Diffusion
Bioassay

dose hatchability (%)
compound? (mglcm?) nb (mean + SE)
eugenol® 0.125 60 R+1.7¢¢
0.25 60 23+ 1.7
0.5 60 12+ 1.7¢f
1.0 60 3+1.7
methyl salicylate® 0.125 60 20 + 2.9%
0.25 60 0+0.09
0.5 60 0+0.09
acetyleugenol® 5.0 60 77172
isoeugenol 5.0 60 67 +£1.72
methyleugenol 5.0 60 68 + 4,42
a-humulene® 5.0 60 48 + 1,70
B-caryophyllene® 5.0 60 42+1.7¢
o-phenothrin 5.0 60 83+4.42
pyrethrum 5.0 60 75+0.02
untreated 60 80+2.9?

dose LTso aExposed for 24 h. ® Number of eggs. ¢ E. caryophyllata bud and leaf oil
material® (mglem?) b slope£SE  (min) 95% clc compounds identified in this study.
bud oil 0.25 60 8.20£0.89 18.80 17.78-19.81 . . )
leaf oil 0.25 60 6.49+074 2164  20.37-23.04 Table 5. Fumigant Activity of Test Compounds against Female
o-phenothrin 0.25 60 517+0.76 2097  18.64-23.24 P. capitis
pyrethrum 0.25 60 401+070 2266  19.71-25.77
compound? method® ne LTso (min) 95% cld
aExposed for 5 h. ® Number of females. °cl denotes confidence limit. eugenol A 60 21.19 19.52-22.71
B 60 111.26 91.29-131.44
Table 3. Toxicity of Test Compounds against Female P. capitis Using methyl salicylate g gg >3gg'95 31.80-35.94
the Filter Paper Diffusion Bioassay o-phenothrin A 60 300
d B 60 >300
0s€ LTs0 pyrethrum A 60 >300
compound? (mglcm?)  n°  slope + SE (min) 95% cl°
eugenol 0125 60 7.58+127 4132 37.81-44.69 aExposed for 5 h at 0.25 mg/cm?2. b A, vapor in close containers; B, vapor in

0.25 60 619+112 26,55 24.42-29.03 open containers. ¢ Number of females. ¢ ¢l denotes confidence limit.

0.50 60 521+0.84 26.04 23.55-29.02
methyl salicylate 025 60 1526+221 3586 34.58-37.21 o -

0.50 60 14.90+219 2826 27.15-29.32 Ovicidal Effects of Test Compounds onP. capitis Eggs.
acetyleugenol’ 050 60 >300 Ovicidal activity, as measured by decreased hatchability, was
;‘éf#y%:ﬂg'enol 828 gg :ggg concentration-dependenTdble 4). After 24 h of exposure,
o-humulened 050 60 300 methyl salicylate and eugenol exhibited potent ovicidal activity
B-caryophyliened 0.50 60 >300 againstP. capitis eggs at 0.25 and 1.0 mg/énrespectively.
caryophyllene oxide?  0.50 60 >300 Little or no ovicidal activity at 5 mg/cihwas observed with
o-phenothrin 8;55 gg gggfg;‘g ggg; gggizgggé acetyleugenolp-caryophyllene a-humulene, isoeugenol, and
pyrethrum 0425 60 333+046 3673 3226-4104 methyl_euge_nol as well as Wl_t(ﬁrphenothnn and pyrethrum.

0.25 60 344+039 2793 2457-31.32 Pediculicidal Route of Action. The responses of femake

aExposed for 5 h. ®Number of females. ¢cl denotes confidence limit. ¢E.
caryophyllata bud and leaf oil compounds identified in this study.

against femaleP. capitis The pediculicidal activity of the
Eugeniabud and leaf oils was almost identical. There was no
mortality in the untreated controls.

Toxicity of Test Compounds to FemaleP. capitis. The
toxicity of the Eugeniaessential oil compounds (acetyleugenol,
[-caryophyllene, eugenof-humulene, and methyl salicylate)

capitis to vapors of eugenol, methyl salicylat&;phenothrin,
and pyrethrum varied with treatment methddble 5). On the
basis of LT values at 0.25 mg/ctnthere was a significant
difference in pediculicidal activity of eugenol against female
P. capitis between exposure in a closed container (method A)
and exposure in an open container (method B). Similar
differences in the response of femdre capitis to methyl
salicylate in treatments A and B were also observed. No
mortality was observed within 5 h avaluation time by the
treatment ofo-phenothrin or pyrethrum in a closed container

and congeners of eugenol (isoeugenol and methyleugenol)(method A), suggesting little or no fumigant action of the

against femald. capitis was compared with those @fFphe-
nothrin and pyrethrumTable 3). Responses varied according
to compound. On the basis of 24 h 4glvalues at 0.25 mg/
cn?, the most toxic compound against fem#decapitis was
eugenol followed by methyl salicylate. Acetyleugern®i;aryo-

pyrethroids.

DISCUSSION

Plant essential oils have the potential as product® foapitis

phyllene, o-humulene, isoeugenol, and methyleugenol were control because some of them are selective, have little or no

almost ineffective. Eugenol at 0.25 mg/&mwas as potent as

harmful effects on nontarget organisms, and may be applied to

o-phenothrin and pyrethrum but was slightly less effective than humans in the same way as other conventional insecticijes (

the pyrethroids at 0.125 mg/@mNo mortality was observed in
the untreated controls.

Various compounds, including phenolics, terpenoids, and al-
kaloids, exist in plants. Jointly or independently, they contribute
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