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Acaricidal Activity of Butylidenephthalide Identified in Cnidium
officinale Rhizome against Dermatophagoides farinae and
Dermatophagoides pteronyssinus (Acari: Pyroglyphidae)

J-HooN KwoN AND Y OUNG-JOON AHN*

School of Agricultural Biotechnology, Seoul National University, Suwon 441-744, Republic of Korea

The acaricidal activity of materials derived from the rhizome of Cnidium officinale against adults of
Dermatophagoides farinae and Dermatophagoides pteronyssinus was examined using direct contact
application and fumigation methods and compared with that of benzyl benzoate and N,N-diethyl-m-
toluamide (DEET). The active constituent of the Cnidium rhizome was identified as butylidenephthalide
by spectroscopic analyses. Responses varied with dose. On the basis of 24-h LDs, values, the
acaricidal activity of butylidenephthalide (6.77 ug/cm?2) against D. farinae adults was comparable to
that of benzyl benzoate (8.54 ug/cm?). Very low activity was observed with DEET (37.59 ug/cm?).
Against D. pteronyssinus adults, butylidenephthalide (6.46 «g/cm?) and benzyl benzoate (6.68 ug/
cm?) were equitoxic. DEET (17.98 ug/cm?) was relatively inactive. The typical poisoning symptom of
butylidenephthalide was lethargy of treated mites, leading to death without knockdown, whereas benzyl
benzoate and DEET caused death following uncoordinated behavior. In a fumigation test with both
mite species, butylidenephthalide was much more effective in closed containers than open ones.
Naturally occurring C. officinale rhizome-derived materials merit further study as potential house dust
mite control agents or lead compounds.

KEYWORDS: Natural acaricide; natural fumigant; Dermatophagoides farinae ; Dermatophagoides ptero-
nyssinus ; Cnidium officinale ; butylidenephthalide; mode of action; poisoning symptom

INTRODUCTION and may be applied to dust mite nests such as mattresses,
The American house dust mitBermatophagoides farinae carpets, and sofas in the same way as conventional acaricides.

(Hughes), and the European house dust riiegmatophagoides Because pf thjs, much effprt has been focused on plant extracts

pteronyssinus(Trouessart), are two of the most important ©F essential oils as poFer_maI sources of commercial pest control

pyroglyphid mites because of their cosmopolitan occurrence and@3ents (78). In a preliminary experiment, a methanol extract

abundance in homes (2), a major source of multiple potent of th_e_ rhlzom_e_ fromC_mdlum offlcmale_Makmo had potent

allergens (34), and their causal association with sudden infant acaricidal activity against adults &. farinae andD. pteron-

death syndrome (5). Changes in living environments such as ayssinus.

rise in the number of apartment households with centrally  This paper describes a laboratory study aimed at isolating

installed heating, space heating, tighter windows, and fitted acaricidal principles from the rhizome @. officinale active

carpets have improved conditions for mite growif). (Control against adults ob. farinaeandD. pteronyssinuand determin-

of these mite populations has been principally through develop- ing their acaricidal mode of delivery. The acaricidal activity of

ment of chemical substances suchyalsenzene hexachloride aC. officinale rhizome-derived compound was compared with

(y-BHC), pirimiphos-methyl, benzyl benzoate, dietmolu- those of benzyl benzoate and DEET.

amide (DEET), and dibutyl phthalate (1). Although effective,

their r_epeated use has sometimes resulted in the develo_pmenl(/lm_ERIALS AND METHODS

of resistancegd), has undesirable effects on nontarget organisms,

and has fostered environmental and human health concirns ( Chemicals.Benzyl benzoate and DEET were purchased from Sigma

6). These problems have highlighted the need for the develop-(St. Louis, MO). All other chemicals were of reagent grade.

ment of new strategies for selective house dust mite control. ites. Cultures ofD. farinaeandD. pteronyssinusvere maintained
Plants may be an alternative source for dust mite control in the laboratory for six years without exposure to any known acaricide.

because they constitute a range of bioactive chemicals. ManyThey were reared in plastic containers (1%517.5 x 17.5 cm)

of them are selective, often biodegrade to nontoxic products, containing 25 g of sterilized diet (fry feed no. 1/dried yeast, 1:1 by

weight) at 25+ 1 °C and 75% relative humidity in darkness. The fry

* Author to whom correspondence should be addressed (telephge ~ féed was purchased from Korea Special Feed Meal Co., Ltd., Inchon,
31-290-2462; faxt82-31-296-1650; e-mail yjahn@snu.ac.kr). Korea.
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Isolation and Identification. Air-dried rhizome (5 kg) ofC. Table 1. Acaricidal Activity of C. officinale Rhizome-Derived Materials
officinalewas purchased from Boeun medicinal herb shop, Kyungdong against Adults of D. pteronyssinus and D. farinae, Using the Fabric
Market, Seoul, Korea. It was finely powdered with a blender, extracted Bioassay

with 10 L of methanol twice at room temperature for 2 days, and filtered
(Whatman no. 2). The combined filtrate was concentrated in vacuo at mortality,® % (mean + SE)
40 °C to yield a dark brownish tar. The yield wasl0% on the basis

of the initial weight of the dried rhizome. The extract (80 g) was
sequentially partitioned into hexane (16.8 g), chloroform (0.4 g), ethyl methanol extract 100+0.0a 100+0.0a
acetate (0.8 g), butanol (10.8 g), and water (51.2 g) for subsequent  hexane fraction 100+0.0a 100+0.0a

material® D. farinae D. pteronyssinus

bioassay. The organic solvent fractions and water fraction were chloroform fraction §+3.30 13:+3.30
- ethyl acetate fraction 0+0.0b 0+0.0b
concentrated to dryness by rotary evaporation at 40 and®@G0 butanol fraction 0+00b 0+00b
rerspectively. water fraction 0+0.0b 0+0.0b
The hexane fraction (10 g) was chromatographed on a silica gel
column (Merck 76-230 mesh, 600 g, 5.5 i.ck 70 cm) and successively a Means within a column followed by the same letter are not significantly different

eluted with a stepwise gradient of hexane/ethyl acetate (99:1, 90:10, (p < 0.05, Scheffe test). ® Exposed for 24 h at a dose of 50.9 zglcm?.
70:30, 50:50, 30:70, and 0:100 by volume). Column fractions were
analyzed by TLC (silica gel 60:), and fractions with similar streaking CHs
patterns on the TLC plates were pooled. The bioactive 78:3D:50
fraction (3.2 g) was successively rechromatographed on a silica gel
column, using hexane/ethyl acetate (20:1 by volume). Preparative HPLC o
(Spectra System P2000, Thermo Separation Products) was used for
further separation of the constituent. The column waéarasil (7.8
mm i.d. x 300 mm, Waters) using hexane/ethyl acetate (20:1 by ) ) » .
volume) at a flow rate of 3 mL/min and detected at 313 nm. Finally, Flgurs_z 1 Stru<_:ture of butylldenephthahde, an acaricidal constituent from
an active principle (113 mg) at the retention time of 9.13 min was C-. officinale rhizome, against house dust mites.
isolated.
The structure of the active isolate was determined by spectroscopic
analysestH and'3C NMR spectra were recorded in deuteriochloroform
with a INM-LA 400F7 spectrometer at 400 and 100 MHz (TMS as an

Table 2. Toxicity of C. officinale Rhizome-Derived Butylidenephthalide
and Acaricides against D. farinae Adults, Using the Fabric Bioassay

. i

internal standard), respectively, and chemical shifts are givériparts compound? slope (+ SE) ﬂLg[/);%’z %% Clti)rl:]?[dence RT®

per million). UV spectra were obtained in methanol with a JASCO -

V-550 spectrophotometer and mass spectra on a JEOL GSX 400 butylidenephthalide ~ 6.83+0.71 6.77 6.41-7.17 13

spectrometer. benzyl benzoate 6.52£0.70 8.54 8.03-9.03 1.0
EET 5.02+0.76 37.59 34.60-40.94 0.2

Bioassay.A fabric bioassay was used for acaricidal activity of test
materials. Amounts (76.4, 50.9, 25.5, 12.7, 9.6, 6.4, 4.8, angi@.2
cn¥) of each test material dissolved in 100 of ethanol were applied
to pieces of black cotton fabric (5 cm diameter). Control fabric pieces
received 10QuL of ethanol. After drying in a fume hood for 1 min,
each piece was placed in the bottom of a Petri dish (5 cm diameter ~under a binocular microscope (). Test mites were considered dead

aExposed for 24 h. P Relative toxicity = LDsp value of benzyl bezoate/LDso
value of each chemical.

1.2 cm). Then 20 individuals db. farinae (7—10 days old) andD. if appendages diq no_t move when prodded with a pin. All treatments
pteronyssinug7—10 days old) were separately placed in each Petri were replicated five times.
dish and covered with a lid. Statistical Analysis. The percentage of mortality was determined

Treated and control mites were held at25. °C and 75% relative and transformed to arcsine square-root values for analysis of variance
humidity in darkness. Mortalities were determined 24, 48, and 72 h (ANOVA). Treatment means were compared and separated by Scheffe
after treatment under a binocular microscope (20x). Mites were testatP <0.05(9). Means (£SE) of untransformed data are reported.
considered dead if appendages did not move when prodded with a pin.

All treatments were replicated five times. kfvalues were calculated =~ RESULTS
by probit analysis (9).

Poisoning symptoms of th€. officinale rhizome-derived isolate

(12.7 uglcn¥), benzyl benzoate (50.8g/cn?), and DEET (50.%ug/

Identification of Active Principle. When fractions obtained
from the methanol extract were bioassayed by direct contact,
&) to aduits ofD. farinae (7—10 days old) and. pteronyssinus significant differences were observed in toxicity to mite adults
(7—10 days old) were examined by the fabric bioassay. The treated (Tab_le_ 1). At fSQ.ng/c_mZ, the hexane fraction _Showed potent
amounts of each test compound gav®0% mortality 3 h after acaricidal activity against adults of both species. )
treatment. Poisoning symptoms were determined at 15 min intervals Fabric bioassay-guided fractionation of the hexane fraction
under a binocular microscope (20x). provided an active constituent identified as butylidenephthalide

Acaricidal Route of Action. Susceptibility of adulD. farinae and (Figure 1) by spectroscopic analyses, including MS and NMR.
D. pteronyssinuso theC. officinale rhizome-derived compound inthe ~ This compound was identified on the basis of the following
vapor phase was investigated according to the method of KB). (  evidence: UVANS®"nm (¢) 313 (2700); EI-MS (70 eV)m/z
Briefly, groups of 20 adults (#10 days old) were placed in the bottom (% relative intensity) M 188 (34), 159 (100), 146 (39), 131

of a Petri dish (5 cm diametex 1.2 cm) and covered with a lid with (16), 103 (9), 83 (12)*H NMR (CDCl;) 6 0.99 (3H, tJ = 7.6
a fine wire sieve (4.7 cm diameter) attached to the center hole (4.5 cm Hz), 1.56 (2H, mJ = 7.6 Hz), 2.46 (2H, mJ = 7.6 Hz), 5.64
diameter). Each fabric piece (5 cm diameter), treated with Lg/7 (1H’ t.J 7 6 Hz), 7 5'(}7 Gé (éH m)’7 89 (1|'_| @ _ 7 6

cny of the isolate dissolved in 1Q@L of ethanol, was placed over the I
wire sieve. This prevented direct contact of test adults with the test Hz); 1°C NMR (CDCF) 6 13.81 q, 22.55 t, 27.81 t, 109.46 d,

compound. Each Petri dish was then either sealed with another lid 119.63 d, 124.52 s, 125.27 d, 129.34 d, 134.20 d, 139.62 s,

(method A) to investigate the potential toxic effect of the vapor phase 145.79 s, 167.22 s.

of the test compound or left unsealed (method B). Control fabric pieces ~ Acaricidal Activity. The toxicity of butylidenephthaldie

received 10QuL of ethanol. againstD. farinae adults was compared with those of benzyl
Treated and control mites were held under the same conditions usedbenzoate and DEETT@ble 2). The commonly used benzyl

for colony maintenance. Mortalities were evaluated 24 h after treatment benzoate served as a standard of comparison in toxicity tests.
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Table 3. Toxicity of C. officinale Rhizome-Derived Butylidenephthalide
and Acaricides against D. pteronyssinus Adults, Using the Fabric
Bioassay

LDsg, 95% confidence
compound? slope (+ SE)  uglem? limit RTP
butylidenephthalide 6.94+0.73 6.46 6.11-6.82 1.0
benzyl benzoate 293+0.34 6.68 5.91-7.59 1.0
DEET 2.35+0.38 17.98 15.08-22.77 0.4

aExposed for 24 h. P Relative toxicity = LDsy value of benzyl bezoate/LDsp
value of each chemical.

Table 4. Cumulative Mortality of C. officinale Rhizome-Derived
Butylidenephthalide and Acaricides against D. farinae Adults

mortality, % (mean * SE)

compound dose, ug/cm? 24h 48 h 72h
butylidenephthalide 9.6 84+19 90+24 90+24
6.4 46+ 4.0 50+1.3 50+1.3
benzyl benzoate 12.7 90+£29 98+17 98+17
9.6 57+26 60 +0.0 60+0.0
DEET 50.9 79+35 83+23 83+23
38.2 41+13 41+13 41+13

Table 5. Fumigant Activity of C. officinale Rhizome-Derived
Butylidenephthalide against Adults of D. pteronyssinus and D. farinae

dose, mortality,® % (mean + SE)

method? uglem? D. farinae D. pteronyssinus®
A, vapor in open container 12.7 8+17b 10+ 0.0b
B, vapor in closed container 12.7 100 +0.0a 100 +0.0a

@ Means within a column followed by the same letter are not significantly different
(P < 0.05, Scheffe test).  Exposed for 24 h.

On the basis of 24-h L§) values, butylidenephthalide (6.77
ug/cn?) was most effective, but benzyl benzoate (8/8#cn®)
was also toxic. Very weak activity was observed with DEET
(37.59 ug/cn?). No mortality was observed in the untreated
controls.

Toxic effects in the fabric bioassay of the test compounds
onD. pteronyssinugdults are reported ifiable 3. On the basis
of 24-h LDsp values, butylidenephthalide (6.4&y/cn¥) and
benzyl benzoate (6.68g/cn¥) were equitoxic. DEET (17.98
ugl/cn?) was relatively inactive. There was no mortality in the
untreated controls.

The acaricidal activity of the test compoundsRofarinae
adults was evaluated 24, 48, and 72 h after treatmiEaiblé
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(method A), which resulted in 100% mortality, and exposure
in an open container (method B), which resulted in 8% mortality
againsD. farinaeadults. There was no mortality in the untreated
controls.

The toxic effects of butylidenephthalide vapor Dnptero-
nyssinusadults were examined at 12.@/cn? (Table 5). There
was a significant differencé?(< 0.05) in toxicity of butylide-
nephthalide between closed (A, 100% mortality) and open
containers (B, 10% mortality).

DISCUSSION

In East Asia,C. officinale (family Apiaceae) has long been
considered to have medicinal properties such as an analgesic
agent in the treatment of cold, headache, rheumatism, and
traumatic pains and against menstrual disordets (t contains
various compounds such as butylidenephthalide, butylphthalide,
chrysophanoll, cnidilide, coniferyl ferulate, 4-hydroxy-3-bu-
tylphthalide, ligustilide, perlolyrine, pregnenolone, sedanonic
acid, senkyunolide, and tetramethylpyrazib&<{13). Very little
work has been done with respect to managing arthropod pests
including house dust mites. In the present studypfficinale
rhizome-derived materials exhibited potent acaricidal activity
against adults ob. farinae andD. pteronyssinus.

Many plant extracts and essential oils are known to possess
acaricidal activity against house dust mitd9,(14—17). The
reported naturally occurring acaricidal compounds against house
dust mites includé-anisaldehyde, citronellal, and perillalde-
hyde derived from perilla 0il{5); isosericenine, acryophyllene
oxide, anda-cadinol from the essential oil of the leaves from
Neolitsea sericeBlume (16); sericealactone from the heartwood
of N. sericea(18); pisiferic acid from the leaves @hamae-
cyparis pisiferaSieb. et Zucc.19); cinnamaldehyde, cinnamyl
alcohol, and salicylaldehyde from the bark Ginnamomum
cassia Blume (10); and eugenol and isoeugenol from the
essential oil of the bud frorBugenia caryophyllatZhunb (7).

It has been reported that susceptibility to some plant essential
oils such as almond bitter oil, caraway oil, and perilla &b (

16) was greater iD. farinae adults than inD. pteronyssinus
adults. Howevem. farinaeadults are found to be more tolerant
to the wood oils ofThuga heterophyll&arg. andCryptomeria
japonica D. Don thanD. pteronyssinusadults (14). Similar
results have been also reported for eugenol, isoeugenol, and
methyleugenolX7). Kim (10) reported no significant difference

in toxicity of either cinnamaldehyde, cinnamyl alcohol, or
salicylaldehyde betweelD. farinae and D. pteronyssinus.
Additionally, the toxicity of cinnamaldehyde, cinnamyl alcohol,
and salicylaldehyde varied according to the dd€®.(El-Nahal

et al. @0) stated that exposure time appears to be a more

4). Potencies varied according to dose. Similar results were alsoimportant factor affecting the efficiency of the vaporsAaorus

obtained fromD. pteronyssinusdults (data not shown).
Poisoning SymptomsTypical poisoning symptoms in both

Dermatophagoidesnites to butylidenephthalide were compared

with those from benzyl benzoate and DEET using the fabric

calamusL. essential oil to adults of five stored-product insect
species than the dosage.

In the present study, the acaricidal constituentobfficinale
rhizome was identified as butylidenephthalide. The acaricidal

bioassay. All test compounds caused death without knockdown,activity of butylidenephthalide againbBt farinaeandD. ptero-

but there were no distinguishable symptoms betw2efarinae
andD. pteronyssinus. Butylidenephthalide resulted in lethargy

nyssinusvaried according to dose. This is the first report on
the acaricidal activity of butylidenephthalide. The acaricidal ac-

of treated mites, leading to death. Benzyl benzoate and DEET tivity of this compound against adults Bf. farinaeandD. pter-
caused death following uncoordinated behavior, and in death onyssinusvas comparable to that of benzyl benzoate. Addition-

the forelegs were extended forward in parallel.

Acaricidal Route of Action. The response ob. farinae
adults to butylidenephthalide vapor varied with the treatment
method (Table 5). After 24 h of exposure to 1g/cn?, there
was a significant differencd?(< 0.05) in acaricidal activity of

ally, there was no significant difference in toxicity of butylide-
nephthalide betweeB. farinae and D. pteronyssinus. Butyl-
idenephthalide, a constituent of the rhizome fraigusticum
chuanxiongHort., Ligusticum sinensi®liv., Ligusticum jehol-
enseNakai et KitagawaAngelica acutilob&itagawa, andAn-

butylidenephthalide between exposure in a closed containergelica sinensigOliv.) Diels (13), possesses an antiplatelet effect
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mainly due to an inhibitory effect on cyclooxygenase and partly
due to interference with calcium mobilization (21), an inhibitory
effect on the contraction of nonpregnant rat uterus in vitro
induced by prostaglandin€, oxytocin, and acetylcholine(,
22), an antianginal effec28), and antiarrhythmic effects and
dilating activity on coronary arteries (24).

Observation of poisoning symptoms of chemicals is of
practical importance for dust mite control. Five types of
poisoning symptoms of chemicals against mites have been
reported: a knockdown-type death causedNoysericealeaf
oil in adults of D. farinae and D. pteronyssinug16); death
related with uncoordinated behavior b){cinnamaldehyde,
salicylaldehyde, benzyl benzoate, and DEET in adult®of
farinae and D. pteronyssinus(10); death associated with
desiccation by several monoterpenes such as fenchon, linalool,
menthone, and pulegoneTiyrophagus putrescentig&chrank)
adults @5); death related with a characteristic depression of the
dorsal surface of the idiosoma by tricalcium phosphate and ferric
phosphate ifT. putrescentia@dults (26); and death associated
with lethargy by isoeugenol amd methyleugenol in adults of
D. farinae, D. pteronyssinus, and. putrescentiag17). Com-
pounds such as cinnamaldehyde, cinnamyl alcohol, salicylal-
dehyde, acetyleugenol, eugenol, methyleugenol, benzyl ben-
zoate, and DEET are found to result in a similar death symptom
of the forelegs extended forward togeth®®,(17). In our study,
the Cnidium rhizome-derived butylidenephthalide resulted in
lethargy of treatedDermatophagoidesnites, being directly
connected to death without knockdown and with the forelegs
extended forward together. Poisoning symptoms of butylide-
nephthalide are thus similar to those of isoeugenol.

Volatile compounds of many plant extracts and essential oils
are composed of alkanes, alcohols, aldehydes, and terpenoids,
especially monoterpenoids, and exhibit fumigant activit9, (
17,27—-29). Fumigant activity against adultsf farinaeand
D. pteronyssinusas been reported foE)-cinnamaldehyde,
cinnamyl alcohol, and salicylaldehyd#Q) as well as eugenol,
isoeugenol, and methyleugenol (17). In this study, butylide-
nephthalide was much more effective in closed containers than
in open ones against adultsof farinaeandD. pteronyssinus.
These results indicate that the effects of the compound may be
largely due to action in the vapor phase: the toxicity may be
delivered by penetrating the dust mite body via the respiratory
system. However, the exact acaricidal mode of action remains
unknown.

Results of this and earlier studies indicate tGabfficinale
rhizome-derived butylidenephthalide could be of practical use
as a fumigant foD. farinae and D. pteronyssinus, provided
that a carrier producing a slow-release effect can be selected or

developed. Further research should be done on safety issues of

butylidenephthalide for human health, its acaricidal mode of
action, and formulations improving the acaricidal potency and
stability.
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