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Acaricidal properties of piperazine and its
derivatives against house-dust and
stored-food mites
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Abstract

BACKGROUND: Piperazine derivatives possess pharmacological properties, yet the acaricidal activity of these compounds
has not been investigated. This study was conducted to evaluate the colour alteration and acaricidal activity of piperazine
derivatives against Dermatophagoides spp. and Tyrophagus putrescentiae (Schrank) using filter paper and fumigant methods.

RESULTS: In a fumigant bioassay, 1-phenylpiperazine (7.83 ug cm~2) against D. farinae (Hughes) was found to be 4.7
times more toxic than DEET (36.84 ug cm—2), followed by benzyl benzoate (9.72 ug cm—2), piperazine (11.41ug cm—32), 1-
ethoxycarbonylpiperazine (20.14 ug cm~2) and 1-(2-methoxyphenyl)piperazine (22.14 ug cm~2). In a filter paper bioassay,
1-(2-methoxyphenyl)piperazine (3.651g cm~2) was 5.7 times more toxic than DEET (20.64 g cm~2), followed by 1-
ethoxycarbonylpiperazine (4.02 ug cm~2), 1-phenylpiperazine (4.75 g cm~2), benzyl benzoate (7.83 ug cm—2) and piperazine
(10.59 g cm~2). Similar results have been exhibited with piperazine derivatives against D. pteronyssinus (Troussart). However,
no activity against T. putrescentiae was observed for piperazine derivatives, except for piperazine.

CONCLUSIONS: These results indicate that piperazine derivatives may be suitable as vapour-phase acaricide fumigants owing
to their high volatility, acaricidal activity and safety. 1-Phenylpiperazine was found to be an excellent mite indicator based
on the colour change it induced. Taken together, these findings indicate that piperazine derivatives may be used to replace
existing problematical acaricides owing to their activity and ability to act as a mite indicator.

(© 2009 Society of Chemical Industry
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1 INTRODUCTION

80% of asthma sufferers®'® House-dust mites belonging to

Piperazines comprise a broad class of chemical compounds, many
of which possess important pharmacological properties while
retaining a core piperazine functional group. According to a
report conducted by the European Commission (EC) and the World
Health Organisation (WHO), piperazine has a low acute toxicity
in mammals; therefore, worldwide, these compounds have been
widely used as a drug for many years."? Because of this, many
piperazine derivatives have been investigated to determine if they
possess various pharmacological properties, such as antimicrobial,
antifungal, antipsychotic, antimalarial, antiprotozoal, antioxidative
and anticanceractivities.3~7 Currently, some piperazine derivatives
are widely used in medical practice as antidepressants, anxiolytics,
antibiotics, antiallergics and antihistamines."® In addition, the
Merck HIV protease inhibitor, Crixivan, is a piperazine derivative,
as are many other drugs currently under development.* However,
to the best of the authors’ knowledge, no compounds of this class
have been reported in the literature to have acaricidal activity, or
studied in the field of medical entomology.

Diseases caused by parasites, viruses and bacteria are still a
major threat to public health, in spite of the recent progress
in medical science. In particular, allergy to house-dust mite
allergen is one of the most important allergies worldwide,
affecting more than 50% of all allergic patients and up to

the Pyroglyphidae family [Dermatophagoides farinae (Hughes)
and D. pteronyssinus (Troussart)] have been recognised as a
major cause of allergic diseases, such as asthma, allergic rhinitis,
conjunctivitis and atopic dermatitis."'? In addition, it has been
reported that non-pyroglyphid mites belonging to the Acaridae
family [Tyrophagus putrescentiae (Schrank)] cause occupational
allergic disease among bakers, farmers, dairy workers and
grain workers.’>~17 Furthermore, the above storage mites can
induce allergic diseases such as acute enteritis, diarrhoea and
systemic anaphylaxis when contaminated foods are ingested.'®'8
Tyrophagus putrescentiae, which is a storage mite that is found in
dust in both storehouses and residential homes,'3'71? is the third
most common house mite following Dermatophagoides spp. in
Korea.'”1%20 |n Korean homes, the most common mite is D. farinae
(64.4% of total dust mites), followed by D. pteronyssinus (20.3%)
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and T. putrescentiae (6.4%).71%2° However, T. putrescentiae is the
most influential mite in damp housing conditions when there
is a high relative humidity (>73% RH).'8=20 Accordingly, over
the last few decades, various attempts to control these mite
populations have been made. Attempts to control dust mite
populations have primarily involved the use of chemical methods
such as filter paper and fumigant methods in comparison with
benzyl benzoate and DEET.2' However, the indiscreet use of
these chemicals inevitably leads to resistance and can potentially
harm the natural environmental non-target species and human
health.2'~23 Additionally, allergic reactions to dust mites are also
induced by their faecal material and their eggs.?* Therefore, there
is an urgent need to develop safer, environmentally friendly
and efficient alternatives for controlling dust mites in an indoor
environment.

The authors have previously reported that plumbagin derived
from the root of Diospyros kaki L. possesses a potent mite
indicator against Dermatophagoides spp.?> Therefore, this study
was conducted to evaluate the colour alteration and acaricidal
activity of piperazine derivatives against D. farinae, D. pteronyssinus
and T. putrescentiae in order to identify a suitable mite indicator.
The acaricidal activity of the above compounds was examined
using filter paper and fumigant methods. In addition, this
work included a laboratory study to examine structure—activity

relationships among nine piperazine derivatives, as well as their
toxicity against three dust mite species. The biological properties
of these compounds were then compared with those of benzyl
benzoate and DEET.

2 MATERIALS AND METHODS
2.1 Chemicals

Benzyl benzoate and
Aldrich  (Milwaukee,  WI).
(3-chlorophenyl)piperazine,

DEET were purchased from
1-(4-Bromobenzyl)piperazine, 1-
trans-1-cinnamylpiperazine,
1-ethoxycarbonylpiperazine, 1-(4-hydroxyphenyl)piperazine,
1-(2-methoxyphenyl)piperazine, 2-methylpiperazine, 1-
phenylpiperazine and piperazine were supplied by Sigma
(St Louis, MO). The structures of these piperazine derivatives are
shown in Fig. 1. All other chemicals were of analytical grade and
available commercially.

2.2 Target mites

Cultures of three mite species were maintained in the laboratory
for 7 years without exposure to any known acaricides. These mites
were maintained on fry feed no. 1 + dried yeast (1 + 1 by weight)
and reared in plastic containers (15 x 12 x 6 cm) containing 30 g
of a sterilised diet. The rearing cages were kept in an incubator at
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Figure 1. Structures of piperazine derivatives.
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2541 °Cand 75% relative humidity in darkness, within a plastic tray
(18 x 18 x 17 cm) that was maintained with a saturated solution
of potassium chloride to prevent the mites from escaping, while
providing a high relative humidity. The fry feed was purchased
from Korea Special Feed Meal Co. Ltd, Chonju, Korea, and consisted
of protein (49%), lipid (4.0%), cellulose (3%), Ca (1.9%) and P (2.0%).

2.3 Bioassay

A fumigant bioassay was employed to evaluate the effects of the
compoundsagainst D. farinae, D. pteronyssinus and T. putrescentiae,
using colourless microtubes (1.5 mL capacity) (Sarstedt Co.,
Germany). The most important factor in the preliminary screening
for acaricidal activity against test mites may be the starting
dose. This is because the amount required to give a dosage
of 80 ug cm~2 is soluble in acetone and allows detection of minor
active compounds. Therefore, appropriate amounts (to give 80,
40,20, 10 and 5 ug cm~2) of each material were dissolved in 20 uL
of acetone and then applied to a paper disc (8 mm diameter)
(Advantec Co., Japan), while the control disc received 20 pL of
acetone alone. The acetone was then removed in a freeze dryer
for 1 h, after which the paper disc was placed in the top of the
microtube. Twenty mites (7—10 days old) were separately placed
in each microtube and covered with a lid.

A filter paper bioassay was used to evaluate the acaricidal
activities of piperazine derivatives on D. farinae, D. pteronyssinus
and T. putrescentiae. This was conducted using a slightly modified
version of the method described by Jang et al.?® Briefly, various
amounts (to give 80, 40, 20, 10 and 5 pug cm~2) of each material

were dissolved in 40 uL of acetone and then applied to white
cotton fabric discs (5 cm diameter, 55 um thick) (Whatman Co.,
UK), with the control fabric discs being treated with 40 uL of
acetone alone. The discs were dried in a fume hood for 2 min,
after which each piece was placed in the bottom of a petri dish
(5 cm diameter x 0.8 cm deep). It was previously determined that
2 min of drying time was sufficient to prevent solvent toxicity from
occurring (data not shown). Twenty mite adults (7-10 days old)
were separately placed in each petri dish, after which the lid was
sealed. The treated and control mites were held at 25 + 1°C and
75% relative humidity in the dark for 24 h. The mortality of each
group was then determined under a binocular light microscope
(20x). Mites were considered to be dead if their appendages did
not move when prodded with a pin. All treatments were replicated
3 times, and the LDs; values were calculated by probit analysis.?’

2.4 Colour alteration and observation of Dermatophagoides
farinae

Mites were observed using a video microscope [ICS-305B
video microscope system (20x) Sometch®, Seoul, Korea] for
the following parameters: walking/active, slow movement, no
movement/dead and colour alteration. The colour alterations of
D. farinae with piperazine derivatives were determined using a
fumigant bioassay as described by Lee and Lee.?® The colour
alteration of D. farinae before (A)and after (B) treatment was
observed using a light microscope (100x) (Fig.2) and then
compared with the colour alteration that occurred in response to
treatmentwith acommercial acaricide such as benzyl benzoate (C).

(A) Before treatment (control)

(B) Treated with 1-phenylpiperazine

(C) Treated with benzyl benzoate

Figure 2. Colour alteration of dust mites by 1-phenylpiperazine.
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Table 1.
fumigant bioassay?

Acaricidal activity of piperazine derivatives against Dermatophagoides farina, D. pteronyssinus and Tyrophagus putrescentiae, using a

Compound Mite species LDsp (ug cm™2) 95% confidence limits RT®
Piperazine D. farinae 11.41 11.19-11.65 3.2
D. pteronyssinus 9.73 9.43-9.92 2.1
T. putrescentiae 20.82 20.67-21.14 1.5
2-Methylpiperazine D. farinae - - -
D. pteronyssinus - - -
T. putrescentiae - - -
1-Phenylpiperazine D. farinae 7.83 7.64-7.93 4.7
D. pteronyssinus 4.86 4.69-4.95 4.1
T. putrescentiae - - _
trans-1-Cinnamylpiperazine D. farinae - - -
D. pteronyssinus - - -
T. putrescentiae - - _
1-(4-Bromobenzyl)piperazine D. farinae - - -
D. pteronyssinus - - -
T. putrescentiae - - -
1-(4-Hydroxyphenyl)piperazine D. farinae - - -
D. pteronyssinus - - -
T. putrescentiae - - -
1-(3-Chlorophenyl)piperazine D. farinae - - -
D. pteronyssinus - - -
T. putrescentiae - - -
1-Ethoxycarbonylpiperazine D. farinae 20.14 20.06-20.34 1.8
D. pteronyssinus 17.47 17.32-17.61 1.1
T. putrescentiae - - -
1-(2-Methoxyphenyl)piperazine D. farinae 22.14 22.03-22.44 1.7
D. pteronyssinus 18.47 18.35-18.61 1.1
T. putrescentiae - - _
Benzyl benzoate D. farinae 9.72 9.59-9.85 338
D. pteronyssinus 7.54 7.43-7.62 2.6
T. putrescentiae 16.38 16.27-16.54 23
DEET D. farinae 36.84 36.68-36.91 1.0
D. pteronyssinus 19.79 31.62-31.82 1.0
T. putrescentiae 30.33 30.27-30.41 1.0

@ Exposed for 24 h.
b Relative toxicity = LDsg value of DEET/LDsq value of test chemical.

2,5 Statistical analysis

The percentage mortality was determined and transformed to
arcsine square root values, and then evaluated by analysis of
variance (ANOVA). The treatment means were compared and
separated by Scheffe’s test, with P < 0.05 being considered
statistically significant.?” The acaricidal activity was considered to
be significantly different when the 95% confidence limits (CLs)
of the LDs values failed to overlap. The relative toxicity (RT) was
determined on the basis of the ratio of DEET LDs/test compound
LDsyg, as previously described.?>26:28

3 RESULTS AND DISCUSSION

The acaricidal activities of piperazine derivatives against D. fari-
nae, D. pteronyssinus and T. putrescentiae were evaluated by
comparing the LDsg values estimated by the filter paper and
fumigant methods (Tables 1 and 2). Significant differences were

observed in the acaricidal activity against the different mites.
The commonly used benzyl benzoate and DEET served as stan-
dards of comparison for acaricidal tests, and control mortality
was not observed (data not shown). According to the LDsg
values estimated by the fumigant method, 1-phenylpiperazine
(7.83 ug cm~2) was the most toxic compound against D. fari-
nae and was 4.7 times more toxic than DEET (36.84 ug cm—2),
followed by benzyl benzoate (9.72ugcm™2), piperazine
(11.41 ugcm~2), 1-ethoxycarbonylpiperazine (20.14ug cm—2)
and 1-(2-methoxyphenyl)piperazine (22.14 ugcm=2) (Table 1).
Against D. pteronyssinus, 1-phenylpiperazine (4.86 ugcm=2)
was 4.1 times more toxic than DEET (19.79 ugcm—32),
followed by benzyl benzoate (7.54ugcm™2), piperazine
(9.73ugcm=2), 1-ethoxycarbonylpiperazine (17.47 ug cm~2)
and 1-(2-methoxyphenyl)piperazine (18.47 ugcm~2). Against
T. putrescentiae, moderate toxicity was observed when ben-
zyl benzoate (16.38 ug cm~2), piperazine (20.82 ugcm™2) and
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Table 2. Acaricidal activity of piperazine derivatives against Dermatophagoides farina, D. pteronyssinus and Tyrophagus putrescentiae, as determined

by a filter paper bioassay?
Compound Mite species LDsp (ug cm™2) 95% confidence limits RTP
Piperazine D. farinae 10.59 10.34-10.73 1.9
D. pteronyssinus 8.57 8.42-8.69 1.5
T. putrescentiae 19.41 19.24-19.66 1.0
2-Methylpiperazine D. farinae - - -
D. pteronyssinus - - -
T. putrescentiae - - -
1-Phenylpiperazine D. farinae 4.75 463-4.94 43
D. pteronyssinus 257 2.48-2.75 49
T. putrescentiae - - -
trans-1-Cinnamylpiperazine D. farinae - - -
D. pteronyssinus - - -
T. putrescentiae - - -
1-(4-Bromobenzyl)piperazine D. farinae - - -
D. pteronyssinus - - -
T. putrescentiae - - -
1-(4-Hydroxyphenyl)piperazine D. farinae - - -
D. pteronyssinus - - -
T. putrescentiae - - -
1-(3-Chlorophenyl)piperazine D. farinae - - -
D. pteronyssinus - - -
T. putrescentiae - - -
1-Ethoxycarbonylpiperazine D. farinae 4.02 3.93-4.24 5.1
D. pteronyssinus 3.65 3.48-3.79 34
T. putrescentiae - -
1-(2-Methoxyphenyl)piperazine D. farinae 3.65 3.44-3.82 5.7
D. pteronyssinus 3.32 3.23-345 3.8
T. putrescentiae - -
Benzyl benzoate D. farinae 7.83 7.63-7.93 2.6
D. pteronyssinus 5.96 5.86-6.04 2.1
T. putrescentiae 11.06 10.89-11.24 1.7
DEET D. farinae 20.64 20.54-20.87 1.0
D. pteronyssinus 12.48 12.27-12.55 1.0
T. putrescentiae 18.86 18.72-18.94 1.0

@ Exposed for 24 h.
b Relative toxicity = LDsg value of DEET/LDsq value of test chemical.

DEET (30.33 ugcm™2) were used. Based on the relative tox-
icity, the acaricidal activity of piperazine was only slightly
lower than that of benzyl benzoate against the three
species of mites, but was 1.5-3.2 times more toxic than
DEET. According to the LDsy values estimated by the fil-
ter paper method (Table2), 1-(2-methoxyphenyl)piperazine
(3.65ugcm~2) was the most toxic compound against D.
farinae and was approximately 5.7 times more toxic than
DEET (20.64 ug cm~2), followed by 1-ethoxycarbonylpiperazine
(4.02 ug cm~2), 1-phenylpiperazine (4.75 ug cm—2), benzyl ben-
zoate (7.83 ugcm~2) and piperazine (10.59 ugcm—2). Against
T. putrescentiae, moderate toxicity was observed when ben-
zyl benzoate (11.06 g cm~2), DEET (18.86 ug cm—2) and piper-
azine (19.41 ug cm~2) were used. However, little or no activ-
ity was observed by the filter paper and fumigant methods
when the remaining compounds [1-(4-bromobenzyl)piperazine,

1-(3-chlorophenyl)piperazine, trans-1-cinnamylpiperazine, 1-(4-
hydroxyphenyl)piperazine and 2-methylpiperazine] were tested
against the three mite species.

Table 3 shows the relative toxicities of 1-ethoxycarbonylpiper-
azine, benzyl benzoate, DEET, 1-(2-methoxyphenyl)piperazine and
1-phenylpiperazine in the filter paper and fumigant methods.
Piperazine exhibited a similar activity in both methods. How-
ever, the filter paper bioassay with 1-ethoxycarbonylpiperazine
and 1-(2-methoxyphenyl)piperazine was approximately 5.0-6.1
times more toxic than the fumigant bioassay against D. farinae,
and approximately 4.8-5.6 times more toxic than the fumigant
bioassay against D. pteronyssinus. Conversely, the filter paper
bioassay with benzyl benzoate, DEET and 1-phenylpiperazine was
slightly (1.2-1.9 times) more toxic than the fumigant bioassay
against Dermatophagoides spp. Moreover, the acaricidal activ-
ities of piperazine derivatives [piperazine, 1-phenylpiperazine,
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Table 3. Comparison of toxicities of piperazine derivatives against Dermatophagoides spp. by filter paper and fumigant methods
LDso (g cm—2)?
Compound Bioassay D. farinae D. pteronyssinus
Piperazine Filter paper 10.59 8.57
Fumigant 11.41 9.73
Filter paper/fumigant® 1.1 1.1
1-Phenylpiperazine Filter paper 4,75 2,57
Fumigant 7.83 4.86
Filter paper/fumigant 1.7 1.9
1-Ethoxycarbonylpiperazine Filter paper 4,02 3.65
Fumigant 20.14 17.47
Filter paper/fumigant 5.0 4.8
1-(2-Methoxyphenyl)piperazine Filter paper 3.65 332
Fumigant 22.14 18.47
Filter paper/fumigant 6.1 5.6
Benzyl benzoate Filter paper 7.83 5.96
Fumigant 9.72 7.54
Filter paper/fumigant 1.2 13
DEET Filter paper 20.64 12.48
Fumigant 36.84 19.79
Filterpaper/fumigant 1.8 1.6

@ Exposed for 24 h.

b Relative toxicity = LDsg value of filter paper bioassay /LDsg value of fumigant bioassay.

1-ethoxycarbonylpiperazine and 1-(2-methoxyphenyl)piperazine]
by the filter paper and fumigant methods were generally
higher than those of commercial acaricides such as DEET
against the three mite species. However, little or no ac-
tivity by the filter paper and fumigant methods was ob-
served when the other compounds [1-(4-bromobenzyl)piperazine,
1-(3-chlorophenyl)piperazine, trans-1-cinnamylpiperazine, 1-(4-
hydroxyphenyl)piperazine, 2-methylpiperazine] were evaluated.
In addition, these results indicated that the piperazine deriva-
tives were more effective in the filter paper bioassay than in the
fumigant bioassay.

The structure—activity relationships between piperazine deriva-
tives and toxicity against the three mite species were evaluated by
comparing the LDsq values. As shown in Fig. 1 and Table 1, intro-
ducing a methyl group into piperazine attenuated the acaricidal
activity against the three mite species. Furthermore, introduction
of a functional group such as 4-bromobenzyl, 3-chlorophenyl,
1-cinnamyl or 4-hydroxyphenyl resulted in little or no acari-
cidal activity. However, replacing the 2-methyl group with a
1-phenyl group resulted in 1-phenylpiperazine becoming more
active than 2-methylpiperazine against Dermatophagoides spp.
Introduction of a 1-ethoxycarbonyl group or 2-methoxyphenyl
group led to a significant increase in the acaricidal activity of both
1-ethoxycarbonylpiperazine and 1-(2-methoxyphenyl)piperazine.
AsshowninTable 3, theacaricidal activity of the above compounds
was greater in the filter paper bioassay than in the fumigant
bioassay.

The mite allergen is also present in mite faecal material and
dead mite bodies.?* Because of this, much effort has been focused
on developing a mite indicator to allow complete removal of
mites from the affected area. Therefore, the colour alteration
of piperazine derivatives against D. farinae was evaluated using
a fumigant bioassay (Fig. 2). The colour alteration of D. farinae

before (A) and after treatment with 1-phenylpiperazine (B) was
observed using a light microscope (100 x). Prior to treatment and
when treated with benzyl benzoate, D. farinae was colourless
and transparent (A, C). Therefore, it is impossible to remove
allergens from the house using common acaricides.>>?% However,
following treatment with 1-phenylpiperazine, the skin of D. farinae
was found to be dark-red over the entire body. The authors
previously demonstrated that plumbagin and juglone were
effective at altering the colour of house-dust mites.?>28 In this
study, treatment with 1-phenylpiperazine was also found to be an
excellent indicator that induced a change in the colour of the skin
from colourless transparent to dark-red. These results indicate
that 1-phenylpiperazine can be a useful aid when removing
mite allergens; however, the present results revealed that there
was no colour alteration in D. farinae in response to treatment
with any of the other compounds evaluated here. Furthermore,
1-phenylpiperazine can be used as a mite indicator to allow easy
discrimination in carpet, cloth and house dust with the naked eye.

Recently, many acaricides have been replaced with newer, safer
agents owing to the toxicity, resistance and environmental dam-
age caused by older agents.?' =23 The results in this study indicate
that piperazine derivatives would make good replacements for ex-
isting acaricides. According to the European Commission (2005),
the oral LDsq value of piperazine for pigs is 1-5g kg™, which
indicates that piperazine has a low acute toxicity to mammals.’
Similar reports indicated that piperazine can be rapidly degraded
by photolysis in the atmosphere, with a half-life of only 0.8 h.?2
Moreover, the piperazine structure is associated with a wide range
of biological activity, and piperazine derivatives have been widely
used as medical drugs for many years."?® Taken together, these
findings suggest that piperazine derivatives would be suitable
as fumigants in vapour-phase acaricides owing to their high
volatility, fumigant activity and safety. For this reason, further

Pest Manag Sci 2009; 65: 704-710

(© 2009 Society of Chemical Industry

www.interscience.wiley.com/journal/ps




@)
SCIi

WWW.S0Ci.org

C-H Lee, H-W Kim, H-S Lee

research should be conducted to evaluate piperazine derivatives
[1-ethoxycarbonylpiperazine, 1-(2-methoxyphenyl)piperazine, 1-
phenylpiperazine] to determine their impacts on human health
and the environment, as well as to develop formulations with
increased acaricidal potency and stability.
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