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TOXIC EFFECT OF PYRETHROIDS ON THE TAIGA TICK IXODES PERSULCATUS
SCHULZE: RELATIONSHIPS BETWEEN DOSE AND KNOCKDOWN TIME
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ABSTRACT

The use of pyrethroids for personal protection
against ticks is based on the knockdown effect, e.g.
locomotor activity disorders and paralysis develop-
ing in a short period of time after contact with the
toxicant. So the knockdown time (KT) is one of the
critical characteristics of reliability of a pyrethroid
as anti-tick clothing treatment agent. The present
study is aimed to establish relationships between a
dose and the KT for certain marketable pyrethroids
(permethrin, o--cypermethrin, and flumethrin) which
are used (or could be used) for protection against
taiga ticks Ixodes persulcatus Schulze.

For all these pyrethroids the KT varied within
awide range at every dose used. We observed similar
unimodal distributions of the KT in all experiments.
The KT reduced with the increase of the dose, and
this relationship was non-linear for all the com-
pounds tested. Flumethrin at high doses caused
knockdown developing in the shortest time, al-
though its KT was longest at lower doses. In
contrast, KT of permethrin and a-cypermethrin
were less dependent to dosage.

PE3IOME

Hcnonb3oBaHue NMUPETPOUAOB IS MHIMBU-
NlyajJlbHOM 3alLUThl IIPOTUB HAINAACHUSI HKCOIOBBIX
KJelleil oCHOBaHO Ha HokmayH-3(d¢gekre (Ha-
pYLLEeHHUS IBUTaTEIbHON aKTUBHOCTH U MAapaJIUYH,
KOTOpbIE ObICTPO PA3BUBAIOTCS MOC/IE KOHTAKTA C
ToKcUKaHTOM). CiienoBaTe/IbHO, BpeMsi Pa3BUTHSI
HokaayHa (BH) siBnsieTcsi onHUM M3 BaXHEWLIUX
KPHUTEPHEB HAIEXK HOCTU MUPETPOUTHBIX MHCEKTH -
LIMIOB ITPH UX TPUMEHEHUHU U1 IPOTMBOKJIELLIEBOA
00paboTKU onexnbl. B HacTosei paboTe uccie-

JIOBaHbl 3aBUCMMOCTH Mexny no3oi u BH nas
HEKOTOPBIX LIMPOKO PaCIpOCTpaHEHHBIX IMHUPET-
pounoB (rnepMeTpuHa, aibda-UMIepMeTpUHa M
(byMeTpuHa), KOTOpbIE UCITOJIB3YIOTCS (MJIM MOTYT
OBbITh MCIIOJIb30BaHbI) JIS 3alUTHl OT HanaaeHUs
TaexHoro Kieua Ixodes persulcatus Schulze.

BH s Bcex Tpex HcCledOBaHHBIX ITHpET-
POMIIOB IPU KAXIOH 103€ BaP bUPOBAJIO B LIMPOKUX
npeaenax. Bo Bcex akcnepuMeHTax Mbl Hab oAU
CXOJHBIE YHUMonanbHble pacnpenenenus BH. C
yBeJIMYeHUEM 103kl cpenHee BH yMmeHbuianocek, u
CBSI3b MEXIY 3THMM IOKazaTeJsiMU ObLla HeJu-
HeWHoii. BH daymeTpuHa npu BBICOKHMX J03aXx
ObLJIO HAMMEHBLUUM, a ITpU GoJiee HU3KUX — PE3KO
Bo3pacTayio. B nportuBonosioxHocts 3toMy, BH
nepMeTpuHa U anb@a-1IUIepMeTpUHA B 3HAYU-
TEJIbHO MEHBLUEN CTENIEHU 3aBHCEJIO OT J103bl aKa-
puvLIMIa.

INTRODUCTION

Pyrethroid insecticides (primarily permethrin
and, in a lesser extent, cypermethrin) are used for
personal protection against ixodid ticks [Lane,
Anderson, 1984; Lane, 1989; Mount, Snoddy,
1983; Schrecket al., 1980; 1982a, b; Methodical...,
1997]. The protective effect of these preparations is
based on the knockdown effect. The knockdown
develops in a short period of time after the contact
with a toxicant. The knockdown manifests itself in
the tick locomotion disorders and the paralysis
resulted from the loss of nervous conduction [Nau-
mann, 1990; Dremova, Volkov, 1987]. The knock-
down takes place in a rather short period of time
after the beginning of contact with a pyrethroid and
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results in loss of tick’s ability to hold onto a surface
treated with a pyrethroid. Therefore, the shorter is
the knockdown time (KT) of a pyrethroid, the more
reliable protection is provided. Nevertheless, pyre-
throids are poorly-studied in this regard. In a series
of experiments simulating thé contact of ticks with
the surface of treated fabric, the KT has been
estimated for a number of pyrethroids [Alekseev et
al., 1994]. It has been found that this parameter
varies in a great extent depending on a chemical
structure of the compounds. To develop new prep-
arations for anti-tick closing, one needs to answer
the following questions: (1) how the KT depends on
the dose and (2) which doses will be effective. We
carried out a series of experiments with certain
available pyrethroids, which differ in their chemical
structure and toxic properties (permethrin, o-cy-
permethrin and flumethrin) using unfed female
ticks Ixodes persulcatus Schulze.

MATERIAL AND METHODS

Ticks

We used ticks I persulcatus from natural popu-
lation. Unfed females were collected by flagging
from vegetation near Novosibirsk in May and June,
1996. In our tests we used active non-damaged ticks,
which were captured not more than 24 hrs before.

Pyrethroids

Permethrin {3-phenoxybenzyl 2,2-dimethyl-
3(2,2-dichlorovinyl) cyclopropanecarboxylate} —
racemic mixture (Z/E=2:3).

a-cypermethrin {a-cyano-3-phenoxibenzyl 2,2-
dimethyl-3(2,2-dichlorovinyl) cyclopropanecarbox-
ylate} — mixture of 1R-cis-aS and 1R-cis-aR
isomers (1:1). |

Flumethrin {pentafluorobenzyl 2,2-dimethyl-
3(2,2-dichlorovinyl) cyclopropanecarboxylate} —
racemic mixture (Z/E=2:3).

The pyrethroids were purified by column chro-
matography and subsequent crystallization to >95%
purity.

Evaluation of the knockdown time

* We applied topically 0.5 uL of an acetone
solution of pyrethroid on back shield of the tick
using 10 uL Hamilton Chromatographic Syringe.

After evaporation of the solvent the tick was placed
on the lover edge of cotton fabric ribbon (70x10
cm), fixed at 70° angle to horizontal.

The tick was stimulated to move along the
ribbon by placing a finger at a short distance (1—2

~cm) from the tick. Ifthe tick reached the upper edge

ofthe ribbon, we put it on the lower edge again. The
KT was estimated as the period of time from the
moment of a toxicant application to the moment
when the tick lost.its ability to hold onto the fabric
and fell down.

Pyrethroids were applied in doses 0.5, 5, 50,
and 500 pg/g. The test was performed not less than
in 30 replicates for each dose. We used parametric
criteria for statistical comparisons [Plokhinskii,
1970].

RESULTS AND DISCUSSION

The distribution patterns of KT were similar for
all three pyrethroids, the distributions for each dose
being symmetric and close to normal.

Parameters of variability of KT at the same
doses were also similar for different pyrethroids. In
particular, the coefficient of variation was approx-
imately 50—60% for the dose 5 ug/g (see the Table).
Thus, in spite of the fact that in each series of tests
we recorded extremes with the difference in KT of
10—30 times, this parameter was close to mean
value for overwhelming majority of ticks.

The mean KT of all three pyrethroids reduced
with increase of dose. The relationship between
these parameters was nonlinear: when the dose
increased ten times, the KT reduces not more than
three times (Fig.2). For permethrin and a-cyper-
methrin the relationship between the mean KT and
log of the dose approximated by similar /og equa-
tions (Y = 26.2 + 2.4InX; R2= 092 and Y = 22.4
+ 2.6InX; R? = 0.96, respectively). In contrast, the
relationship for flumethrin within the studied dose
range described by hyperbolic function Y = 3.9 +
121.8/X (R? = 0.99).

At the dose of 0.5 pg/g the mean KT for
permethrin and a-cypermethrin was approximately
three times less than for flumethrin (P<0.001). At
the doses of 5 and 50 pg/g the mean KT was

Table. Mean values and parameters of the variability of KT for pyrethroids (the dose of 5 pg/g).
Ta6auua. CpenHue 3HaYeHUs U N1apaMeTpbl U3MEHYMBOCTU BPEMEHU HOKIAyHA IpU 103€

MUPETPOUIOB 5 MKI/T.

Pyrethroid it M+SE, min Coeﬁ’igient of
variation, %
Permethrin 36 19.0+1.8 57
o-cypermethrin 40 16.4+1.4 53
Flumethrin 30 22.943.8 53
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Fig 1. Chemical structure of the pyrethroids tested.
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Fig 2. Mean values of KT at different doses of the pyrethroids. The standard errors of mean are indicated by error bars.
Puc. 2 CpenHue 3HaueHUs BpeMEHM HOKJayHa NpU Pa3HbIX 103aX MUpeTpounoB. OLMOKYM CpeqHUX MOKAa3aHbl OTpe3KaMMU.

approximately equal for all three pyrethroids. At
500 pug/gthe KT was the greatest for permethrin and
the least for flumethrin (P<0.05). At all the doses
used the mean KT for a-cypermethrin was a little
lower than for respective doses of permethrin, but
the difference was insignificant.

Paralysis in an arthropod caused by action of
pyrethroid was found to be a result of a complex
process including diffusion of toxicant through
cuticle and internal tissues, saturation of detoxica-

tion systems, and binding target structures, the rates
of the processes being determined ultimately by
physico-chemical properties of pyrethroids [Nau-
mann, 1990; Dremova, Volkov, 1987]. The mole-
cules of the pyrethroids studied are similar in the
structure of the acidic moiety (derivatives of per-
methric acid) but differ significantly in alcoholic
fragment that determines the difference in physical
and chemical properties of the compounds and
their mechanism of action.
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The molecules of permethrin and o-cyper-
methrin, having the same 3-phenoxybenzyl moiety,
are more similar in size, space structure and lipo-
phylic properties as compared to that of flumethrin.
In spite of the fact that permethrin and o-cyper-
methrin affect the nervous system of arthropods
differently (so-called I type and II type pyre-
throids), practically identical relations between the
dose and KT for them can be explained, probably
by the similarity of their physico-chemical proper-
ties. The molecule of flumethrin with pentafluor-
obenzyl moiety is noticeably more lipophylic as
compared to permethrin and o-cypermethrin, so
the relative rates of the prossesses determined by
physical and chemical properties are not the same,
that may cause in another dose-KT relationship.

Thus, the nonlinear decrease of KT with the
growth of the dose of toxicant is a characteristic for
all the pyrethroid insecticides studied. Judging from
the dose-KT relationships, within the range of doses
exceeding LD, hundreds times, KT tends to a
minimum extreme value which is limited by the rate
of intoxication processes. Although flumethrin at
high doses produced the shortest KT, the KT grown
dramatically when the dose was reduced. Therefore
flumethrin cannot be considered as an agent for
personal protection against ticks. Contrary to this,
permethrin and o-cypermethrin produced satisfac-
tory KT within the whole range of investigated doses.
It was found previously that sublethal doses of
permethrin speeded up the attachment of ticks
[Alekseev et al., 1994; Fryauff et al., 1994]. In
contrast, the same doses of o.-cypermethrin prevent-
ed the attachment completely [Alekseevetal., 1994].
Taking into consideration these facts, one can sup-
pose that a-cypermethrin (o# other pyrethroids with
similar properties, probably, like deltamethrin or
cygalothrin) is the most reliable active compound for
anti-tick formulations and clothing treatment.
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