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Synthetic pyrethroid insecticides: a dermatological
evaluation
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ABSTRACT Synthetic pyrethroids are lipophilic insecticides whose biological activity seems to be
directly related to their chemical structure. In this investigation differences in cutaneous sensa-
tion were detected by human participants between synthetic pyrethroids with a cyano group in
the (S)-configuration of the 3-phenoxybenzyl alcohol of their molecular structure (fenvalerate)
and those that do not (permethrin). A strong relation was noted between insecticidal potency and
degree of induced cutaneous sensation for the alpha-cyano and non-cyano pyrethroids, with a
prominent difference between the two. No sensation was observed by any of the same particip-
ants on topical exposure to the inert ingredients of these agents. A linear correlation between
concentration and degree of induced dysaesthesia was observed for both pyrethroids. Regressing
the cutaneous sensation on the common logarithm of concentration resulted in a regression
equation of Y = 84-0 + 310X, for fenvalerate and Y = 27-5 + 15 8X, for permethrin. A highly
efficacious therapeutic agent for pyrethroid exposure was noted to be dl-alpha tocopherol ace-
tate. An impressive degree of inhibition of paraesthesia resulted from the topical application of
vitamin E acetate, with a therapeutic index of almost 100%.

Synthetic pyrethroid insecticides have evolved
through a classic sequence of events: activity was
first noticed in a natural extract from the flowers of
Chrysanthemum cinerariaefolium; reactive agents
were isolated and identified; and finally, increasingly
active analogues were synthesised. Few insecticides
are as biologically active or possess such a great
potential for structural variation with total reten-
tion, or even possibly enhancement, of potency as
the synthetic pyrethroids. They incorporate a high
insecticidal activity (knockdown) for a wide variety
of insects with a relatively low toxicity for mammals.
Numerous derivatives of the original pyrethroids are
now among the most potent pesticides known to
man and are being evaluated for many different
applications, as well as for possible replacements of
the organophosphate, carbamate, and organo-
chlorine insecticides.' Well over 1000 pyrethroids
have been synthesised to date.
The natural pyrethrins have long been used

against a wide variety of garden and horticultural
pests, but their poor residual capability, combined
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with a high cost, restricted their agricultural applica-
tion.2 The more recently synthesised pyrethroids,
however, combine this high insecticidal activity with
a persistence necessary to control a broad range of
pests. A better knowledge of the field behaviour of
the synthetic pyrethroids in relation to the pest/
predator complex of each agricultural region has
shown how judicious applications can actually
minimise harm to beneficial insects. Physical proper-
ties, such as involatility, lipophilicity, and suscepti-
bility to degradation by micro-organisms, have
severely restricted the efficaciousness of these
agents against various soil insects.
The biological activity of the synthetic pyrethroid

insecticides seems to be directly related to their
chemical structure.34 Almost all active pyrethroids
are esters of cyclopropane carboxylic acids with
alkenylmethyl cyclopentenolone alcohols. Their
constituent acids and alcohols, and simple deriva-
tives, are practically inactive. Properties such as
electron density and polarisability are of little
importance. The alpha-cyano derivatives, with a
cyano group in the S-configuration of the
3-phenoxybenzyl alcohol of the molecular structure,
have an increased potency of approximately four-
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fold with insects.3 A higher toxicity for cis-isomers,
as compared with their corresponding trans-isomers,
has also been observed for numerous pyrethroids in
the rat. The highly lipophilic nature of the synthetic
pyrethroids has made them practically insoluble in
water, a property that promotes rapid penetration
through an insect's cuticle.

Synthetic pyrethroids are considered broad range
insecticides that are nerve toxins. They act directly
on the axon through interference with the sodium
channel gating mechanism that underlies the genera-
tion and conduction of each nerve impulse.56 The
pyrethroids induce the sodium channels to close
slower than normal, resulting in a gradually decay-
ing inward sodium current after termination of
membrane depolarisation. This slow influx of
sodium ions on termination of depolarisation is
referred to as a sodium tail current. Non-cyano
pyrethroids induce tail currents with time constants
of decay in the order of milliseconds, whereas
alpha-cyano pyrethroids result in time constants of
decay in the hundreds of milliseconds to more than
one second.

Recent clinical studies with isolated preparations
of the peripheral nervous system of the clawed frog,
Xenopus laevis, have augmented the distinction
between two main classes of these synthetic insecti-
cides:

(1) Pyrethroids which do not have an alpha-cyano
group attached to their molecular structure (al-
lethrin, permethrin, cismethrin, and bioresmethrin).
These particular insecticides result in relatively short
trains of nerve impulses in the lateral line sense
organ. In the peripheral nerves they induce a
depolarising after potential with repetitive firing.

v c,C1l=C%",C
CH3 7 CO-O-Cll2- 10jJ

Cli 3 Perniethrin

(2) Pyrethroids with an alpha-cyano group
attached to the 3-phenoxybenzyl alcohol of the
molecular structure (deltamethrin, cypermethrin,
fenvalerate, and fenpropathrin). These pyrethroids
induce long trains of nerve impulses in the lateral
line sense organ and do not invoke repetitive activity
in the peripheral nerves. Instead, they cause a
quickly reversible, stimulus frequency dependent
suppression of the nerve action potential, resulting
in a long lasting depolarising after potential.78

CH3 H 3

CI_ _L"< i-LO-0-CH(CN )Fte

Fenvelerate

People are capable of tolerating greater exposures
to synthetic pyrethroids than other insecticides,
making them a welcome option. Toxicity from inha-
lation or oral or dermal contact with these agents are
all minimal. They are not teratogenic in rats, mice,
or rabbits nor mutagenic with select bacterial
strains. Subacute and chronic feeding of greater
quantities of these agents to rats has invariably
caused some histopathological changes in the liver;
however, these studies are neither indicative nor
suggestive of tumorigenicity.9 The relatively low
inherent toxicity witnessed in mammals may be
attributed to various factors preventing direct
interaction with the nervous system. Unlike other
insecticides, they have numerous sites for metabolic
degradation.'" One route involves ester cleavage,
often controlled by the degree of stearic hindrance
about the linkage. Numerous sites on the molecules
are also susceptible to attack by mixed function
oxidase systems. Therefore, their lipophilic charac-
teristic enhances rapid penetration to the arth-
ropod's nervous system, whereas in mammals they
are biodegraded both oxidatively and hydrolytically,
depending on the chemical composition of the
pyrethroid. Rapid metabolic degradation, together
with incomplete absorption from the gastrointestinal
tract, accounts for the low acute toxicity of these
insecticides. This has been substantiated by their
increased toxic nature when administered to mam-
mals intravenously rather than orally.'" Even
myelinated nerves of vertebrates are thought to
sequester the pyrethroid molecules, known to be
lipid soluble in the myelin sheath, thereby prevent-
ing a portion of their chemical effect on the nerve
axon.'2 The accumulation of the pyrethroids, how-
ever, and their degradation products in various tis-
sues over time has not been fully evaluated. Conse-
quently, further chronic toxicity studies are war-
ranted to ascertain the final destination of these
molecules after exposure.
At present, there is little information in the occu-

pational medical journals concerning the biological
ramifications of human cutaneous exposure to the
synthetic pyrethroids. Kolmodin-Hedman et al
noted that forestry workers displayed symptoms that
were mainly irritative, such as itching and burning of
the skin.'3 Some individuals reported cough and
dyspnoea when using fenvalerate and permethrin as
a wettable powder. The authors indicated that
whether the burning and tingling skin sensation
reported by some of the subjects was an irritative
one, or a sign of peripheral sensory nerve involve-
ment, could not be discerned. LeQuesne et al found
that among 23 research workers exposed to synthe-
tic pyrethroids at the Shell Research Laboratories at
Sittingbourne, 19 experienced one or more episodes
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of abnormal facial sensation, developing with a
latent period of 30 minutes to three hours and per-
sisting for about 30 minutes to eight hours.4 They
noted that the delay in the onset of symptoms after
exposure was unlike that after cutaneous contact
with any other irritant solution. There were no
abnormal neurological signs, and electrophysiologi-
cal studies were normal in the arms and legs of each
worker. Tucker and Flannigan noted a difference in
the degree of paraesthesia among agricultural
applicators of fenvalerate.'5 The susceptibility of the
workers did not appear to be based on race, per-
sonal history of atopy, or the number of exposures.
Virtually all exposed individuals were affected. The
cutaneous sensation described was a stinging or
burning that progressed to numbness in about one
third of the exposed workers. The sensation typi-
cally began several hours after contact, peaked in
the evening, and was rarely present the next morn-
ing. The intensity of the sensation varied according
to the type and extent of exposure. Clinical signs of
inflammation, such as oedema or vesiculation, were
not apparent. The response did not increase with
continued exposure in a given season or even over
several seasons, and did not appear to decrease in
sensitivity, as one might expect in a tachyphylactic
response when using a compound on a daily basis.
As early as 1941, workers with the plant extract,

pyrethrum, noted a paraesthesia similar to, but less
intense than, that described by present day workers
with the more potent synthetic agents.'6 The univer-
sal aspect of this cutaneous reaction is emphasised
by reports from diverse parts of the world, as well as
from varying occupational settings, indicating that
paraesthesia from the pyrethroids is a widespread
problem.'3 -16 The sensation can be quite uncom-
fortable, and may result in the substitution of more
toxic insecticides by sensitive workers in order to
avoid the annoying paraesthesia. Even mild sensa-
tions may lead to pronounced anxiety. To summarise,
the occurrence of paraesthesia is widespread and
may result in discomfort and anxiety leading to a
decrease in the usefulness of this class of insecticide,
despite several advantages over other insecticides
which cause no apparent cutaneous sensation.

Materials and methods

The following studies were conducted to test the
hypothesis that possible differences between two
widely used synthetic pyrethroids exist in producing
cutaneous sensation or irritation or both. One of the
two agents evaluated was fenvalerate, an alpha-
cyano pyrethroid, the other being permethrin, a
non-cyano pyrethroid. The chemical name for fen-
valerate is cyano (3-phenoxyphenyl) methyl

4-chloro-alpha-( 1-methylethyl) benzeneacetate,
with an empirical formula of C25H22C1NO3. Trade
names for fenvalerate are Sumicidin, Belmark, and
Pydrin. Permethrin's chemical name is (3-
phenoxyphenyl) methyl (±+) cis-trans 3-
(2-2-dichloroethenyl)-2-, 2-dimethyl-cyclopropane-
carboxylate and has an empirical formula of
C2,H20C1203. Trade names for permethrin are
Adion, Ambush, Ectiban, Kafil, Matadan, Perth-
rine, Pounce, and Talcord. Two chemical grades of
both insecticides were evaluated in this investiga-
tion. The technical grade of either pyrethroid was
composed of approximately 94-96% active ingre-
dient, whereas the formulated grade consisted of
32-36% active ingredient. The remainder of either
grade, of both pyrethroids, entailed similar inert
ingredients (organic solvents and surfactants).

All portions of this investigation have been
reviewed and approved by the University of Texas
at Houston Committee for the Protection of Human
Subjects. The animal study was also reviewed and
deemed acceptable by the Health Science Center
Animal Shelter Committee. Therefore, based on
numerous earlier investigations and the high dermal
LD50, the following studies were conducted.

STUDY 1: COMPARISON OF INDUCED
PARAESTHESIA FROM FENVALERATE,
PERMETHRIN, OR THE INERT INGREDIENTS
Clinically, a comparison was made of the capability
of human participants to discriminate between the
dysaesthesia induced by a technical or formulated
alpha-cyano pyrethroid (Fenvalerate), a technical or
formulated non-cyano pyrethroid (permethrin), and
the inert ingredients that comprise a major portion
of both formulated compounds. Both technical
pyrethroids were diluted with absolute ethanol
whereas the formulated compounds were diluted in
distilled water. The evaluation used a previously
developed assay.'7 18 The participants were exposed
to the cutaneous sensation before the onset of the
study. Preparation consisted of two separate topical
applications, one with a field strength alpha-cyano
pyrethroid (0-13 mg/cm2) and the other with a field
strength non-cyano pyrethroid (0-13 mg/cm2), with
a review and discussion of the paraesthesia felt by
each subject. The same technique was used for all
participants in each portion of this research. Con-
centrations were prepared and recorded throughout
the investigation in mg/cm2 which pertains to the
number of milligrams of synthetic pyrethroid topi-
cally applied per unit area of skin.

Application of 0*05 cc of field strength formulated
or technical fenvalerate (0-13 mg/cm2), field
strength formulated or technical permethrin
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(0-13 mg/cm2), or the inert ingredients were deli-
vered to a 4 cm2 area on the lower margin of one
earlobe of each participant via a tuberculin syringe
(accuracy + 0-002 cc) on five separate occasions.
The opposite earlobe received 0-05 cc of distilled
water when opposing a formulated pyrethroid and
absolute ethanol as the control for a technical pyre-
throid. Participant evaluation after each application
continued for 48 hours and involved grading and
describing any unusual cutaneous sensations. The
grading scale was on a basis of 0 to 4, with 0 = no
sensation; 1 = mildly felt sensation; 2 = definite
sensation, no discomfort; 3 = moderate sensation,
little or no discomfort; and 4 = intense sensation
with discomfort. All applications were made in a
double blind fashion from numbered vials. Each
participant was therefore treated with only one of
the five possible agents on each test date, with the
vehicle always applied to the opposite ear. About 48
hours after each application, the same participant
was treated with one of the remaining compounds
on the opposite earlobe from the preceding applica-
tion. Earlier investigations showed that there were
no significant carry over effects-that is, prior appli-
cations of a pyrethroid to an earlobe did not
influence later applications to the same earlobe.'8
This procedure was followed until each participant
had evaluated both formulated and technical pyre-
throids, and the inert ingredients. All treatments
and sites were randomly assigned before
application.
When comparing the overall cutaneous sensation

from the various compounds, the aggregate of the
reaction scores contained the same number of sub-
jects, applications, and days applied. Since the uni-
que characteristics of each individual remained con-
stant under the different treatments, observations by
each person tended to be correlated. The data over
48 hours for each participant were summarised,
averaged, and tabulated. The results were analysed
using an analysis of variance (ANOVA) with a
repeated measure design, incorporating three cells
(treatment levels) with six observations (subjects)
per cell.'9 20
To rank the three treatments, composed of either

the inert ingredients, formulated fenvalerate and
formulated permethrin, or the inert ingredients,
technical fenvalerate and technical permethrin, a
least significant difference (LSD) multiple compari-
son test was used if the overall F test of the treat-
ment differences was significant. The LSD test was
chosen since it has good control of type I errors
(rejecting the null hypotheses when the null
hypotheses is correct) and more power than the
methods of Newman-Keuls, Tukey, and Scheffe.2'

Variations within each pyrethroid classification

were evaluated by using an ANOVA with a re-
peated measure design, incorporating two cells with
six observations per cell. Comparisons were made
between either formulated and technical fenvalerate
or formulated and technical permethrin.

STUDY 2: DIFFERENCES IN THE DOSE-RESPONSE
CURVES FOR FENVALERATE AND PERMETHRIN
The dose-response curves for a formulated alpha-
cyano pyrethroid (fenvalerate) and for a formulated
non-cyano pyrethroid (permethrin), using the above
assay on people, was assessed. For each participant,
0-05 cc of a given dilution of a synthetic pyrethroid
was applied to a 4 cm2 area on the lower margin of
an earlobe through a tuberculin syringe (accuracy +

0-002 cc). The opposite earlobe was treated with
distilled water (vehicle) and acted as the control.
Evaluation by any participant continued for 48
hours and included grading and describing any
unusual cutaneous sensation. All treatments were
made in a double blind fashion from numbered vials
that were randomly assigned before application.
Dilutions of each formulated pyrethroid consisted of
2.69, 1P00, 0-36, 0-13, and 0.01 mg/cm2. Each suc-
cessive application was applied about 48 hours after
the prior treatment on the opposite earlobe from the
preceding application. Each participant's data for a
given concentration of a pyrethroid were summed
and tabulated. Columns were constructed proceeding
from the lowest to the highest concentration of each
pyrethroid for each participant. Columns of corres-
ponding concentrations for each pyrethroid per par-
ticipant were joined and normalised. The columns
were then divided into separate pyrethroids, aver-
aged over all participants and graphed on linear,
semilog, and log paper to find the most appropriate
linear fit for cutaneous sensation v concentration. A
regression analysis was calculated for both formu-
lated fenvalerate and formulated permethrin by
regressing the cutaneous sensation on the concentra-
tion of pyrethroid. A final plot consisted of both
regression equations and their corresponding 95%
confidence bands as calculated using the predicted
mean values for either synthetic pyrethroid.

STUDY 3: THERAPEUTIC BENEFIT OF VITAMIN E
ACETATE FOR SYNTHETIC PYRETHROID
EXPOSURE
The therapeutic capability of topical vitamin E ace-
tate (dl-alpha tocopheryl acetate) to ameliorate the
paraesthesia that accompanies cutaneous exposure
to a technical or formulated alpha-cyano pyrethroid
(fenvalerate) and to a technical or formulated non-
cyano pyrethroid (permethrin) was evaluated. The
investigation used the aforementioned ear assay,
with the same grading scale of 0 to 4.
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Six volunteers were randomly treated with 0-05 cc
of either field strength technical or formulated fen-
valerate (0-13 mg/cm2) or with technical or formu-
lated permethrin (0.13 mg/cm2), applying each on a
separate occasion to both the right and left earlobes.
Approximately 0-05 cc of vitamin E acetate (1 mg =
1 IU) was then randomly applied to either the right
or left earlobe of each participant, allowing each
subject to act as his own control. Evaluation con-
tinued for 48 hours and consisted of grading and
describing any unusual cutaneous sensations. One of
the remaining synthetic pyrethroids was then evalu-
ated through the same format outlined above about
48 hours later. This procedure was followed until all
participants had evaluated both formulated and
technical fenvalerate, as well as formulated and
technical permethrin. All applications were in a
double blind fashion from numbered vials whereas
treatments and sites were randomly assigned to par-
ticipants before application.
The data acquired during the four evaluation

periods, for each participant, were then summed,
averaged, and tabulated. A therapeutic index was
calculated for each synthetic pyrethroid using the
equation:

average
score of therapeutic

Therapeutic index = 100 - pyrethroid + agent x 100
average score of
pyrethroid alone

An ANOVA with a repeated measure design,
incorporating two cells with six observations per
cell, was calculated on the averaged data to deter-
mine if a significant difference (p s 0.05) actually
existed between sites topically treated with or with-
out dl-alpha tocopheryl acetate to ameliorate the
cutaneous sensation of a synthetic pyrethroid.

Results

Figures 1 and 2 give the results of study 1 comparing
the induced paraesthesia occurring from the topical
application of fenvalerate, permethrin, or the inert
ingredients. Figure 1 displays a prominent increase
in paraesthesia between formulated fenvalerate
(0-13 mg/cm2) and formulated permethrin
(0.13 mg/cm2). No cutaneous sensation was noted
by any of the participants to the inert ingredients
(organic solvents and surfactants) when applied
separately. The sensation developed with a latent
period of about 30 minutes, peaked by eight hours
and deteriorated as early as 24 hours. Comparison
of the area under each curve shows an approximate
fourfold difference in paraesthesia between the two
synthetic pyrethroids. There was no statistically
significant difference (p - 0.05) in sensation be-

tween the inert ingredients and formulated perme-
thin (table 1). Nevertheless, there was a significant
difference between formulated fenvalerate and for-
mulated permethrin, and between formulated fen-
valerate and the inert ingredients.
The degree of induced paraesthesia for technical

fenvalerate (0.13 mg/cm2), technical permethrinl
(0-13 mg/cm2), and the inert ingredients is displayed
in fig 2. Again, an approximate fourfold increase can
be noted between technical permethrin and techni-
cal fenvalerate, with the inert ingredients not being
detected. The time course for cutaneous sensation

26-
214.

2-2-
2 0-

1.8-
.s 1 6-
VI 1-4L-16

,, 1-2 -

sA 12004, 1*0-
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o Fenvalerate (0-13 mg/cm2)
/X Permethrin (0-13 mg/cm2)

o: Inert ingredients (surfactants
and organic solvents)
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Time (hours)

Fig 1 Paraesthesia resulting from formulated fenvalerate,
formulated permethrin, and the inert ingredients on people.
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LA 12aV' 140
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06
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02
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Fenvalerate (0-13 mg/cm2)
l Permethrin (013 mg/cm2)

o Inert ingredients (surfactants
cand organic solvents)
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Fig 2 Paraesthesia resulting from technical fenvalerate,
technical permethrin, and the inert ingredients on people.
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was similar to that for the formulated synthetic
pyrethroids. There was a statistically significant dif-
ference between technical fenvalerate and technical
permethrin, and between technical fenvalerate and
the inert ingredients (table 1). As noted with the
formulated compounds, there was little difference
between technical permethrin and the inert ingre-
dients. Interestingly, a significant difference did not
exist between formulated and technical fenvalerate,
nor between formulated and technical permethrin,
when evaluated at the same concentration of
0413 mg/cm2.

Study 2 compared differences in the dose-
response curves for fenvalerate and permethrin
using formulated fenvalerate and formulated per-
methrin at successive concentrations of 2-69, 1-00,
0-36, 0-13, and 0-01 mg/cm2. The most appropriate
linear fit for both pyrethroid insecticides was on

semilog paper with cutaneous sensation on the ordi-
nate axis (Y) and the common logarithm of concen-
tration on the abscissa (X).
The correlation coefficient (R) of the average

cutaneous sensation noted by all participants for
formulated fenvalerate and the common logarithm
of concentration was 99 0%. Regressing cutaneous
sensation on the common logarithm of concentra-
tion resulted in a regression equation of Y = 84-0 +
310X1, with a square of the correlation coefficient
(R2) of 84-9%. The R value for the average cutane-
ous sensation felt by all participants for formulated
permethrin and the common logarithm of concen-

tration was 94-0%. Regressing the cutaneous sensa-

tion on the common logarithm of concentration
resulted in a regression equation of Y = 27-5 +
15-8X1, with an R2 value of 75 6%. Figure 3 pre-
sents the regression equations for formulated fen-
valerate and formulated permethrin with 95%
confidence bands appended to both. Comparing the
equations, the y-intercept for fenvalerate is approx-
imately threefold greater than for permethrin,
whereas the slope (m) is roughly twice as large.

Study 3 entailed the evaluation of the therapeutic
benefit of dl-alpha tocopheryl acetate (1 mg = 1 IU)
for the dysaesthesia that results from topical expos-

Table 1 Comparison oftreatmnent means for paraesthesia
the inert ingredients on people

c
0

c
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3
4,

'E
'a
z

-10 I I I ..

-214 -20 -16 -1 2 -08 -041 0 04 08

Common logarithm of concentration

Fig 3 Regression equations for formulated fenvalerate and
formulated permethrin with 95% confidence bands.
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o[ Formulated fenvalerate with
vitomin E acetate applied immediately

+: Formulated fenvalerate alone
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Fig 4 Therapeutic inhibition offormulated fenvalerate
(0-13 mglcm2) with vitamin E acetate (I mg = I IU) on

people.
resulting from topical exposure to fenvalerate, permethrin, and

Composition Cell means

Inert ingredients Permethrin (0.13 mglcm2) Fenvalerate (013 mglcm2)

Formulated 0-0000 0-1467 + 0-5867 +
+---------------------+

(LSD = 0-1709)
Technical 0 0000 0-1600 0-6067

+ ...+ + +
(LSD = 0-1609)

+ ---- +: Not statistically significant at p S 0 05.
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ure to a synthetic pyrethroid insecticide. Technical
and formulated fenvalerate (0.13 mg/cm2) and
technical and formulated permethrin (0-13 mg/cm2)
were used in this study. An extensive degree of
inhibition accompanied the topical application of
vitamin E acetate for formulated fenvalerate (fig 4).
By comparing the digitised area under each curve,
there was an approximate 40-fold inhibition of
cutaneous sensation. Figure 5 presents the therapeu-
tic treatment of technical fenvalerate, with a corres-
ponding 20-fold inhibition of paraesthesia. A statis-
tically significant (p s 0-05) inhibition of sensation
for both purities of fenvalerate is shown by the data
in table 2. The therapeutic index for formulated fen-
valerate was substantial at 98% inhibition, whereas
technical fenvalerate reached 100%. Similar results
were noted with the cutaneous inhibition of formu-
lated and technical permethrin (figs 6 and 7). In
both cases total inhibition of the cutaneous sensa-
tion resulted from the topical application of dl-alpha
tocopheryl acetate; the vitamin E acetate yielded a

therapeutic index of 100% and a significant differ-
ence from either form of permethrin applied sepa-
rately.

2 6
2
L

-

2-2 -

2 0 -

1.8-
r 16-
.2_

u)A 14L-
c

1 2 -
ui

1.0-

08

30.6.

02-
O~

a Technical fenvalerate with
vitamin E acetate applied immediately

t: Technical fenvalerate alone

Discussion

All synthetic pyrethroids are lipophilic compounds
that are recognised as nerve toxins. They are viscous
liquids with relatively high boiling points and low
vapour pressures. Since their initial introduction in
1973, they have attained over 30% of the commer-
cial market for insecticides by providing an excellent
cost/benefit ratio for agricultural and domestic pest
control.22 Well over 1000 pyrethroids have been
synthesised to date.
The biological activity of the synthetic pyrethroids

appears to be directly associated with their chemical
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1-4 -

5 12

5 1.0-
c
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02O-2

c Formulated permethrin with
vitamin E acetate applied immediately

+ Formuloted permethrin alone

tt---

0 4 8 12 16 20 2. 28 32 36 .0 U 48
Time (hours)

Fig 6 Therapeutic inhibition offormulated permethrin
(0-13 mg/cm2) with vitamin E acetate (1 mg = I IU) on
people.
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co 122112
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ui08
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SO L
L) 0 2 -

O

0 8 12 16 20 21 28 32 36 L0 18
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Fig 5 Therapeutic inhibition of technical fenvalerate
(0-13 mg/cm2) with vitamin E acetate (I mg = I IU) on
people.

a Technical permethrin with
vitamin E acetate applied immediately

4 Technical permethrin alone
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Fig 7 Therapeutic inhibition oftechnical permethrin
(0-13 mg/cm2) with vitamin E acetate (1 mg = 1 IU) on

people.

Table 2 Comparison oftreatment means for inhibition ofparaesthesia by vitamin E acetate (I mg = 1 JU) on people

Synthetic pyrethroid Cell mean without vitamin E Cell mean with vitamin E p value Therapeutic
acetate acetate index (%o)

Formulated fenvalerate
(0-13 mg/cm2) 0-6436 0-0233 0000 98

Technical fenvalerate
(0-13 mg/cm2) 0 5763 0 0000 0 000 100

Formulated permethrin
(0-13 mg/cm2) 0-1236 0-0000 0039 100

Technical permethrin
(0-13 mg/cm2) 0-1600 00000 0047 100
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structure. Almost all active pyrethroids are esters,
whose constituent acids and alcohols are basically
inert. Electron density and polarisability are of little
importance to their reactivity.23 The cyano substi-
tute, located in the S-configuration of the
3-phenoxybenzyl alcohol of alpha-cyano synthetic
pyrethroids, tends to increase the potency of the
molecule by approximately three to sixfold. Fenval-
erate has been listed in a range of 0*6 to four times
the insecticidal potency of permethrin, depending
on the pest species evaluated.'2 In studies 1 and 2 of
this investigation a close correlation was noted be-
tween the insecticidal potency (knockdown) for
both fenvalerate and permethrin and the degree of
induced cutaneous paraesthesia on people.
The human assay, incorporated into studies 1, 2,

and 3, necessitated the topical application of milli-
gram quantities of a field strength synthetic pyre-
throid to the lobule of a patient's ear. Numerous
prior investigations have attested to the safety and
efficaciousness of this assay, and the documented
low inherent mammalian toxicity of the synthetic
pyrethroids. Rapid penetration was enhanced since
the pyrethroids are extremely lipophilic and were
directly applied to an extremity composed of both
areolar and adipose tissue. The auriculotemporal
nerve, branching from the inferior maxillary of the
trigeminal (fifth cranial) innervates most of the
lobule. LeQuesne et al observed in electrophysiolog-
ical studies that the disturbances produced by the
synthetic pyrethroid insecticides occurred more fre-
quently in sensory than in motor nerves and that the
symptoms resulting in man from occupational
exposures were solely due to sensory nerve
involvement.'4 Based on this rationale, it seemed
appropriate for the human assay to use a source of
tissue where rapid penetration would be enhanced
with prominent sensory nerve involvement.
The cutaneous sensation, often referred to as

paraesthesia or dysaesthesia, is the most prominent
health symptom that accompanies topical contact
with these potent insecticides.'3 -'5 It appears to be
unique in quality, time of onset, and duration. Pre-
vious stinging sensations of the skin have been noted
after topical application of certain agents, but gen-
erally occurred either immediately or within several
minutes after contact and only in a very sensitive
subset of the population, usually fair skinned
women.2425 This is not the case with the synthetic
pyrethroid cutaneous sensation, which seems to be
almost universal and possess a latent period of one
to two hours after application.'8

Participants in study 1 of this investigation noted a
prominent increase in paraesthesia between formu-
lated fenvalerate and formulated permethrin, and
between technical fenvalerate and technical per-

methrin. Nevertheless, no cutaneous sensation was
recorded by any of the same participants on topical
exposure to the inert ingredients of these pyre-
throids. It would seem that the inert ingredients,
organic solvents and surfactants, are not the offend-
ing agents causing the paraesthesia. Narahashi,
using a voltage clamp assay in combination with var-
ious toxins, drugs, and enzymes showed that the
nerve impulse, thought to be responsible for this
particular sensation, arises from a rapid transient
change in the semipermeability of the nerve mem-
brane to sodium and potassium ions. This transition
in permeability is governed by molecular pores in
the axon membrane referred to as sodium and
potassium channels. An extended sodium current,
after termination of the nerve membrane depolar-
isation, is the mechanism thought to be responsible
for the occurrence of this repetitive activity. Vijver-
berg et al have shown that after topical treatment
with alpha-cyano pyrethroids, this sodium tail cur-
rent deteriorates much more gradually than after
non-cyano pyrethroids, and that the difference in
time restraints is at least one-fold greater.26 They
also noticed considerably smaller variations in the
magnitude of the sodium tail current among agents
that belong to the same synthetic pyrethroid
category-non-cyano or alpha-cyano. This corres-
ponds closely with the results of study 1, which did
not substantiate a statistically significant difference
(p 3 0.05) between the fenvalerate pyrethroids or
between the permethrin pyrethroids evaluated at
similar concentrations. These results also coincide
with an earlier investigation which established that
there was no difference between heavy ends and
technical fenvalerate, at the same concentration,
when evaluated by 36 participants.'8

In a more recent investigation Vijverberg and van
den Bercken concluded that the non-cyano pyre-
throids produce sodium tail currents with a time
constant of decay in the order of approximately 10
milliseconds,22 whereas the alpha-cyano pyrethroids
range from hundreds of milliseconds to more than
one second. These results were indicative of the fact
that the actual rate of relaxation of the activation
gate (m-gate) in pyrethroid affected sodium chan-
nels is a characteristic of each particular category of
synthetic pyrethroid, and that the rate of relaxation
is substantially slower after treatment with alpha-
cyano pyrethroids. Therefore, the rate of relaxation
of the sodium channel influx helps to explain the
40-fold difference noted between formulated fen-
valerate and formulated permethrin, and between
technical fenvalerate and technical permethrin in
this investigation.

Study 2 denoted a linear correlation between con-
centration of a formulated synthetic pyrethroid and
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the degree of induced paraesthesia. Fenvalerate
resulted in a substantially steeper slope (m = 31-0)
than permethrin (m = 15-8). This could be consi-
dered connotative of an enhanced cutaneous sensa-
tion from only minor increases in concentration of a
formulated alpha-cyano pyrethroid, whereas a
non-cyano pyrethroid merely fluctuated to a minor
degree over a similar range of concentrations. Poss-
ibly, these regression curves are indicative of the fact
that, as the concentration of a pyrethroid is
increased, so will be the number of sodium channels
affected during membrane depolarisation. This
would result in a direct influence on the correspond-
ing amplitude of the pyrethroid induced sodium tail
current and coincide with the fact that the amplitude
of a pyrethroid induced sodium tail current is always
proportional to the number of sodium channels that
open during nerve membrane depolarisation.222627

In study 3 vitamin E acetate (C31H5203) was
found to be a highly efficacious therapeutic agent for
synthetic pyrethroid exposure. Vitamin E acetate (1
mg = 1 IU) was chosen because it is a well known
biological antioxidant that inhibits peroxides from
accumulating and protects cells from the scavenging
effects of free radicals. It also ensures the stability
and integrity of biological membranes.2829 One of
the two possible routes of absorption through the
epidermis consists of a direct transition through the
stratum corneum, granulosum, spinosum, and
basalis to the dermis; this is possible since dl-alpha
tocopheryl acetate is a highly lipophilic compound.
Access is also secured through the pilosebaceous
unit and connective tissue sheaths. Dl-alpha
tocopheryl acetate also has a high affinity for small
blood vessels and possesses an anti-inflammatory
capability. Kamimura and Matsuzawa indicate that
it will suppress inflammation with either topical or
systemic administration, and with prophylactic or
therapeutic treatment.20 Its anti-inflammatory
action is thought to be related to its ability to stabil-
ise lyosomal membranes, histamine liberation from
granules of mast cells, and serotonin liberation from
tissue cells. Further, vitamin E acetate is non-
irritating and non-sensitising when evaluated by
itself.

Vitamin E acetate is stable to the oxidising
influences of air or light, including ultraviolet light.
It is also relatively stable to acids and heat. It may
therefore be used practically in the field for occupa-
tional exposure with little concern as to handling
precautions. To date, no cases of hypervitaminosis E
have been documented from topical application of
dl-alpha tocopheryl acetate.

This research was made possible through a grant
from the Shell Oil Company.
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