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Synthetic pyrethroids are increasingly used as insecticides and marketed as
having relatively low human toxicity. The aim of this study was to examine
the in vitro effects of the synthetic pyrethroid S-bioallethrin on human blood
lymphocytes and basophils in atopic individuals and nonatopic control
subjects. S-bioallethrin caused inhibition of lymphocyte proliferation after a
72-h culture period in a concentration-dependent manner. The inhibition of
the lymphocyte proliferation by S-bioallethrin at the concentration 6.5 nM
correlated well with the total serum IgE values (r=-0.89, f < 0.001). Samples
from atopic subjects were more sensitive to this inhibition than those from
nonatopic volunteers. The regulatory interleukin-4/interferon-gamma (JL-4/
IFN-y) balance showed a significant difference between atopic and nonatopic
subjects after a short-term culture period (24 h) in the presence of the same
concentration range of S-bioallethrin (P<0.001). Additionally, IFN-y
secretion was consistently lower in cells from the atopic donors.
Furthermore, S-bioallethrin induced histamine release from human
basophils in a concentration-dependent manner. Although the effect was
small compared to histamine liberators such as N-formyl-Met-Leu-Phe and
anti-IgE, the response to S-bioallethrin was significantly different in atopic
donors from nonatopic (/' = 0.0431). These findings are the first
demonstration of the immunotoxicologic properties of the synthetic
pyrethroid S-bioallethrin by this combined in vitro approach with human
lymphocytes and basophils. Further studies will investigate the responses of
lymphocytes from patients who are sensitive to these agents.
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Synthetic pyrethroids are increasingly used as
insecticides and marketed as having relatively low
human toxicity. "Natural pyrethroids" are derived
from the chrysanthemum flower. Chrysanthemum
flower harvesters suffer from a special form of
occupational allergy, namely, chrysanthemum pick-
ers' allergy (1), and extracts of chrysanthemum
flowers cause anaphylactic and anaphylactoid
reactions (2, 3). The synthetic bioallethrin (S-
bioallethrin, Esbiol) is very similar to the main
compound in chrysanthemum flower extracts,
pyrethrum (Fig. 1). However, the synthetic pyre-
throids, such as cismethdn, bioresmethrin, and
deltamethrin, show a weak allergenic potency in
animal experiments, and it has been suggested that
covalent binding of the reactive pyrethroids to liver
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proteins can create new haptens and potent
antigens (4, 5). Pyrethroids also cause contact
allergies. The natural pyrethroids pyrethrosin and
pyrethrin II are both potent contact allergens (6),
whereas pyrethrin I, cinerin I and II, jasmolin I and
II, and synthetic ester molecules such as allethrins,
chrysanthemin, and pyrethrol exhibit a very weak
contact allergic response.

Some pyrethroids also possess immunotoxicolo-
gic (7) as well as immunosuppressive and mitogen-
inhibiting effects; for example, allethrin (10"* M)
inhibits proliferation of concanavalin A-stimuIated
splenic lymphocyte cultures (8). Permethrin also
exhibits concentration-dependent effects on human
lymphocytes in vitro (9). Furthermore, immuno-
suppression in various models has been described
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Fig. 1. Structure of pyrethrum and S-bioa!lethrin (molecular
weight: 302.5). *Asytnnietric carboti.

with deltamethrin, cypermethrin, and permethrin
(10-12).

The role of cytokines in pyrethroid-induced
reactions of the human immune system is not
known, nor are the possible cytokine interactions.
As the Th2-derived interleukin-4 (IL-4) stimulates
B-cell activation as well as pathologic IgE secre-
tion, and the Thl-derived interferon-gamma (IFN-
y) causes antagonistic responses, these cytokines
may be suitable markers for the immunotoxicologic
effects of pyrethroids (13-16). In addition, pyre-
throids reduce the lipid packing order of the cell-
membrane bilayers (17). Thus, these agents may
also directly cause mediator release from basophils/
mast cells (18).

Therefore, this study aimed to examine the in
vitro effects of the synthetic pyrethroid S-bioalle-
thrin on human lymphocytes and basophils from
atopic individuals and nonatopic controls.

Material and methods
Volunteers

The atopic patients («=17, three male), median
age 25 years (range 15-39 years), presented with a
history of allergy (19). The symptoms were as
follows (only the main symptom is listed): atopic
dermatitis (« = 10), asthma (n=4), and hay fever
(« = 3). The nonatopic controls (n = 12, three male),
median age 29 years (range 21-50 years), had no
history of allergy and a total IgE of <100 IU/1.

Total serum IgE was measured in all subjects with a
commercially available assay (PRIST, Pharmacia
Upjohn, Germany).

Materials and sample preparation

Reagents: Histopaque" 1077, RPMI 1640, L-gluta-
mine, penicillin/streptomycin, fetal calf serum
(FCS), PHA (phytohemagglutinin), MTT (3-(4,
5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium-
bromide), DMSO (dimethylsulfoxide), FMLP
(N-formyl-Met-Leu-Phe) (all SIGMA, Deisenho-
fen, Germany)

PBS\ NaCl (149.5 mM), KCl (2.96 mM), Na2H-
PO4-2H2O (7.98 mM), K,HPO4 (1.62 mM), pH
7.2; Tyrode's buffer: NaCl (154 mM), glucose (5.6
mM), HEPES (10 mM), KCl (2.7 mM), MgClz
(0.5 mM), CaCl, (1 mM), pH 7.3 (all Merck,
Darmstadt, Germany)

S-bioallethrin: stock solution 2.6 x 10^ M in DMSO/
HjO (maximum final DMSO concentration was
<1%, which had no detectable effect on lympho-
cytes [8]) (Ehrenstorfer, Augsburg, Germany)

anti-IgE (rabbit-antihuman, DAKO A/S, Den-
mark)

OPT (o-phthaldialdehyde) (Fluka Buchs, Switzer-
land).
For cell proliferation and cytokine production,

peripheral EDTA blood (20 ml) was withdrawn
from the volunteers. The mononuclear cells
(PBMNCs) were separated by gradient density
centrifugation with Histopaque 1077. Cells were
cultured in supplemented RPMI 1640 (2 mM L-
glutamine, 100 IU/ml penicillin, 100 ng/ml strepto-
mycin, and 10% heat-inactivated FCS) and incu-
bated at 37 °C in a humidified atmosphere of 5%
CO2 in air (20).

Lymphocyte cultures

PBMNCs (2x10*) were cultured as described
above for 72 h in 96-well flat-bottomed plates in
the presence of T-cell mitogen PHA (5 ng/ml).
Four hours after plating, the pyrethroid S-bioalle-
thrin was added to give the following final
concentrations: 2.6 x 10' M, 6.5 x 10"' M, 1.6 x 10"̂
M, and 4 x 10 ' M. This period was found to be the
most effective in preliminary studies (data not
shown).

Cell viability was studied by the Trypan blue
exclusion test and was >95% at the beginning of
the culture period.

MTT test and cytokine measurements

The MTT test (21) was used to examine cell
proliferation. Lymphocyte cultures were per-
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formed as described above. The cells achieved
exponential proliferation rate after 2 days in
culture, and culture periods up to 72 h were
examined. At the end of the designated culture
period, MTT (20 îl of 5 mg/ml) was added and
incubated with the cells for 4 h at 37°C. The
supernatants were removed after centrifugation
(200 g, 10 min, 4°C). The formazan salt crystals in
the wells were dissolved in DMSO (100 \x\).
Absorbences were measured by an ELISA plate
reader, and the differences in absorbence at 540
and 620 nm were calculated.

For measurement of the effect of pyrethroids on
cytokine production by Thl and Th2 lymphocytes,
cells were cultured as described above. Super-
natants of the cell cultures were collected after 4,
24, 48, and 72 h and stored at -30 °C before assay.
IL-4 and IFN-y were measured by commercial
ELISA kits (DPC Biermann, Germany).

Histamine liberation test (HLT)

Blood (30 ml) was drawn by venipuncture, anti-
coagulated with heparin, and mixed with dextran 70
(5 ml Lomodex 70) and glucose (150 mg). After
sedimentation for 90 min, the supernatant was
collected. The cells were obtained by centrifugation
(200 g, 7 min 4°C) and washed twice in Tyrode's
buffer. The basophils were preincubated at 37°C for
10 min before challenge. S-bioallethrin was added at
the same concentration range as described above.
FMLP (10-* M) and anti-IgE (l/30(K)-fold dilution)
were used as positive controls. The reaction was
stopped after 45 min by adding 0.5 ml ice-cold
Tyrode's buffer, and the samples were centrifuged
(200 g, 7 min, 4°C). The supernatants and cell
portions were stored at -20°C, and histamine was
assayed by a fiuorometric method after HPLC
separation, as described recently (22, 23).

Statistical calculations

The results of the MTT test were expressed as
mean extinctions of triplicate cultures+ SEM. All
other experiments were performed in duplicate.
Statistical comparisons were performed by the
Mann-Whitney U test and the Wilcoxon test as
appropriate. Correlation coefficients were calcu-
lated by Pearson's regression analysis. P < 0.05 was
considered statistically significant.

Results
Cytotoxicity of S-bioallethrin

S-bioallethrin caused inhibition of PHA-stimulated
proliferation in a concentration-dependent manner.

A typical time course of this response for different S-
bioailethrin concentrations is shown in Fig. 2 for a
nonatopic (A) and an atopic subject (B). Inhibition
of PHA-stimulated proliferation was observed at
48 h and was more pronounced in the atopic
subjects. For statistical evaluation, the concentra-
tion-response curves at 72 h are given in Fig. 3. In
the atopic group, significant inhibition compared to
the absence of S-bioallethrin occurred at the two top
concentrations (2.6x10' M and 6.5 M), but
only at the highest concentration (2.6x10"^ M) in
the nonatopic group. The difference between the
two groups of subjects was not significant (P = Q.\44,
n = 6 pairs, Wilcoxon). The naturally occurring
pyrethrum showed a weaker inhibition of the
lymphocyte proliferation in both groups at the top
concentration, as shown in Fig. 3. At this pyrethrum
concentration, the response of cells from nonatopic
and atopic subjects did not differ significantly
(P>0.1, Mest).

The percent inhibition of cell proliferation after
72-h culture time in the presence of 6.5 î M S-
bioallethrin correlated significantly with total
serum IgE levels of the atopic subjects (r=-0.89,
P<0.001,« = 17)(Fig. 4).

Cytokines

The ELISA methods used were suitable to measure
cytokines in both groups. The detection limit for
IL-4 was 2 pg/ml (95% confidence), and for IFN-y
90 pg/ml (95% confidence).

In both normal and atopic subjects, IL-4 secre-
tion was lowest after 72 h in culture (Fig. 5). IL-4
secretion was consistently higher in atopies. This
achieved statistical significance at the 4- and 48-h
culture periods (F<0.05). In the presence of 6.5
HM S-bioallethrin, IL-4 secretion was also higher at
the 24-h culture period with cells from atopic
subjects than nonatopics. However, S-bioallethrin
reduced IL-4 secretion in both groups of subjects.

In contrast, IFN-y release increased with time
using cells from both normal and atopic subjects in
the presence or absence of 6.5 (xM S-bioallethrin
(Fig. 6). The atopic state tended to reduce the
release of IFN-y. S-bioallethrin also reduced IFN-7
secretion, but this did not achieve statistical
significance.

IL-4/IFN-y-ratio - an allergotoxicologic index?

The IL-4/IFN-Y ratios over the 3-day culture
periods are shown in Fig. 7. In cells from nonatopic
subjects stimulated with PHA, these ratios
decreased with increasing culture time (Fig. 7A).
The difference in the IL-4/IFN-y ratio in the
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fig. 2 PHA-stimulated lymphocyte proliferation (MTT test) in presence of different S-bioallethrin concentrations (nM: 0 —, 0.4 A,
1.6 C, 6.5 O, 26 0). Lymphocytes were cultured from two 20-year-old volunteers (matched controls) without (A) and with atopic
history (B). S-bioallethrin was added 4 h after plating. 1007o = 0.30 ± 0.04 extinction of MTT-color reagent measured as described in
Material and methods section: MTT lest and cytokine measurements. (Pyr: pyrethroids added).
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fig. 3. Effect of S-bioallethrin on lymphocyte proliferation with cells cultured for 72 h from normal (•) and atopic donors (D). Data
are expressed as percentage of value obtained in absence of S-bioallethrin, which had been normalized to 100% ( • ) . 100% value
was 0.515 ± 0.062 for normals and 0.529 + 0.055 for atopies. Points are shown as mean ± SEM for « = 12 (normals, 100% value), n = 6
(normals, S-bioallethrin) and «=15 (atopies, 100% value), and n = 9 (atopies, S-bioallethrin). Data are also shown for effect of
pyrethrum at 72 h (normals • SEM, n = 6; atopies O SEM, « = 6). *Proliferation significantly different from proliferation in absence
of S-bioallethrin ( f < 0.05).
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Fig. 4. Correlation of total serum IgE with lymphocyte
proliferation after incubation with S-bioallethrin (6.5x10"
M) (/i = 17). Total serum IgE was measured by PRIST
(Pharmacia Upjohn). Proliferation (percentage) was calculated
after 72-h culture period in relation to samples without S-
bioallethrin. All individual values are mean of triplicates for
each sample (r=-0.89; Pearson, regression to In).

presence and absence of S-bioallethrin (6.5
was significant only at the 24-h point (/'<0.01).

A similar pattern could be observed with cells
from atopic individuals. The ratio also decreased
with increasing culture time (Fig. 7B). In contrast,
in the presence of S-bioallethrin, the IL-4/IFN-Y
balance increased after up to 48 h. As described for
the nonatopic subjects, the effect of this pharma-
cotoxicologic relevant amount of the pyrethroid
was significant only at 24 h (/'<0.01). Atopies and
nonatopics had a significantly different IL-4/IFN-'/
ratio in the presence of S-bioallethrin at 24 h
(P< 0.001).

4 24 48
Culture Period (h)

Fig. 5. Effect of culture time on IL-4 production. N: normals
(«=12, SEM), A; atopies (;i=14. SEM), N-hSB: normals in
presence of 6.5 nM S-bioallethrin (n = 6. SEM), A + SB: atopies
in presence of 6.5 nM S-bioallethrin (fi = 8, SEM). IL-4 was
determined in dublicates with ELISA from DPC Biermann
(Bad Nauheim, Germany). *Cytokine concentrations signifi-
cantly different between atopies and nonatopics {P<0.05, t-
test).

Histamine liberation

S-bioallethrin induced histamine release from
basophils of subjects from both the atopic and
nonatopic groups (Table 1). Overall, this release
was significantly greater in cells from atopic
subjects (F=0.0431, n = 6 pairs, Wilcoxon), The
response to anti-IgE was, as expected, significantly
greater in the atopic group (P< 0.0001), but the
response to FMLP did not differ between the
groups (Table 1).

Discussion
Increased environmental pollution has been pro-
posed as a cause of increasing allergic disease,
although this is a controversial issue (24). The data
presented in this study may help to evaluate the
specific health risks caused by pyrethroid contam-
ination. This study has clearly demonstrated that
the synthetic pyrethroid S-bioallethrin (Fig. 1) has
profound effects on the immunologic system. The
response is affected by the atopic history of the
subjects. Thus, allergic individuals may have an
increased risk of an adverse event after exposure to
these agents, which are commonly employed in
agriculture and wood preservation, and as insecti-
cides within the home.

The MTT test is widely used as a marker for
proliferation studies (25, 26). S-bioallethrin and the
natural pyrethrum reduced lymphocyte prolifera-
tion with cells from both nonatopic and atopic
subjects. For S-bioallethrin, this was observed at
lower concentrations in the atopic patients than in
the nonatopic subjects (Fig. 3). Furthermore, at
these concentration ranges, basophil degranulation
may occur as demonstrated with the histamine-
liberation tests (Table 1). The sensitivity ofthe cells
from atopic subjects was significantly increased
compared with cells from nonatopic subjects.
Therefore, since these subjects did not have a
history of allergy to S-bioallethrin, pyrethroids may
elicit pseudoallergic reactions. This observation is
in accordance with the findings of Moya-Quiles et
al. that pyrethroids may interfere with the packing
order of cell membranes and hence may cause
histamine release via a nonspecific mechanism (27).

Our data also agree with those of Stelzer &
Gordon, who reported that pyrethroids caused
immunosuppression in rodents (8), and those of
Puig et al., who described inhibition of human
lymphocyte proliferation rates with >24 ^M
cypermethrin and >25.5 t̂M fenvalerate (28). Our
studies employed lower concentrations.

The evaluation of an "immunotoxicologic pro-
file" of deltamethrin led to the suggestion that most
of the pyrethroids cause immunosuppression (10).
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Fig. 6. Effect of culture time on IFN-y production (experimental details as in Fig. 5).

It is as yet unclear whether the reported cytotoxic
effects are based on the specific genotoxicity of
pyrethroids which causes the immunosuppression
(28). The mutagenic effects of pyrethroids at the
relevant gene loci of cytokines must also be taken
into consideration (29, 30). Structure-activity stu-
dies demonstrate that cypermethrin, deltamethrin,
and fenpropathrin possess a higher genotoxicity
than fenvalerate and permethrin (31). In the same
study, the use of a cytokinesis block proliferation
index (CBPI) is proposed, in agreement with our
suggestion of a cytokine ratio (IL-4/IFN-7) to
calculate the special immunotoxicity of pyre-
throids. In contrast, recent work has demonstrated
that the genotoxicity of fenpropathrin is relatively
low (32) and that the lowest effect level of new
synthetic pyrethroids such as supermethrin is
relatively high (range 10' M) in studies using
porcine and bovine peripheral blood lymphocytes
(33). However, synergistic effects may aggravate
immunotoxicity and allergotoxicity (34). Pre- and
neonatally DDT-exposed mice showed an
increased response to pyrethroids (35), and pre-
natal exposure modulates rat natural killer (NK)
cell function (36). Furthermore, the interactions of
pyrethroids with neuronal receptors may be an
important regulator of immunomodulation (37,38).

The mechanisms by which agents such as
pyrethroids modulate allergic reactions are related
to the lipophilic character of the effective molecule
(hapten). The solubility of, say, permethrin in water
(1.5x10^^ M) is much lower than that of S-
bioallethrin (4.7 x 10^ M). Thus, permethrin may
better be integrated into the lipophilic lymphatic
tissue. In contrast, S-bioallethrin may be better
transported in the blood system and therefore find
the target cells more rapidly.

Although the results of the MTT test clearly
demonstrate the immunotoxicologic potency of
pyrethroids, the IL-4/IFN-7 ratio measurements
may provide a higher sensitivity with respect to the
functional ability of the lymphatic system. lL-4 and
IFN-y production is widely investigated and may
explain pathologic B-cell activation and hyper-IgE
secretion. It has been suggested that basophils are
the major IL-4-producing cell type, not PBMNCs,
as used in our experiments (39). Van Neerven et al.
found that the antagonistic responses of IL-4 and
IFN-y function at different levels of T-cell devel-
opment. Thus, the influence of insecticidal pollu-
tants on these pathomechanisms may be of special
interest, as well reflected by the IL-4/IFN-Y ratio
screening method (40). In this study, the exclusive
T-cell mitogen PHA has been used. Unfortunately,

Table 1. Histamine release induced by S-bioallethrin, FMLP. and anti-IgE from basophils obtained from normal {n=5) and atopic |n=6) donors

S-bioallethrin

Anti-IgE
FMLP

'Wilcoxon matched-pairs
NS: not significant.

Concentration
(tiMI

0
04
1.6
6.5

26
1/3000 diluted

1

sigred-ranks test; "

Mean

4.8
7 J
7J
U
7.5

U
Cl

•Student's f-test.

Normal

Histamine

±SEM

1.2
1.5
1.6
1.4
15
5
9

release {%)

Mean

SJ
IJ
7J

n.z
18J
71
M

Atopic

+ SEM

1.3
1.5
2.4
2.5
2.3

12
15

P

Two-tailed
0 0431'

< 0.0001"
NS

1057



Diel et al.

IL-4/IFN-y

1

0.1

0.01

0.001

0.0001
0

24 48

Culture period (h)

72

IL-4/IFN-y
1

i

0.1

0.01 ;

0.001

0.0001 '
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F/j?. 7. Effect of S-bioailethrin (6.5x10" M) on IL-4/IFN-y
ratios from lymphocytes of normal (A) and atopic (B) donors.
Closed symbols represent in absence and open symbols in
presence of S-bioallethrin. Data are given as mean + SEM for
« = 12 (normal donors, absence of S-bioallethrin), n = 6 (normal
donors, presence of S-bioallethrin) and n = 14 (atopic donors,
absence of S-bioallethrin), and n = 8 (atopic donors, presence of
S-bioallethrin) experiments. *Ratios significantly different
from 72-h ratio (/'<0.02); -(-ratios significantly different
from 24-h ratio (P<0.02). §Significance between nonatopics
(A) and atopies (B) at 24-h value in presence of S-bioallethrin
was calculated to be /"< 0.001 (r-test).

suitable test systems for immunotoxicologic assess-
ments of pyrethroids are not available. Commercial
ELISA techniques are not sensitive enough to
determine IL-4 and IFN-y in human blood samples.
Therefore, lymphocyte cultures are necessary to
obtain sufficiently high cytokine concentrations.

The correlation between S-bioallethrin-induced
inhibition of lymphocyte proliferation and circulat-
ing IgE (Fig. 4) clearly demonstrates the higher
sensitivity to pyrethroid pollutants in more severe
atopy. Natural sources of pyrethrum have pre-

viously been thought to possess allergenic potenc\
and cause an occupational disease, chrysanthemun
pickers' allergy (1). However, our data on atopic
subjects who did not have a history of allergy to
these insecticides indicate that S-bioallethrin ma\
play an immunomodulatory role. A modulatiori
was demonstrated by the reduction in the IL-4,
IFN-y balance in the normal subjects after 24 h.
compared to the lower decrease, and even ar
increase in the atopic subjects after addition of S-
bioallethrin (Fig. 7).

These findings are the first demonstration of the
immunotoxicologic properties of the synthetic
pyrethroid S-bioallethrin by this combined in
vitro approach with human lymphocytes and
basophils. Further studies will investigate the
responses of lymphocytes of patients who are
sensitive to these agents.

Acknowledgments
This study was supported in part by grants from the Hessischer
Minister fur Wissenschaft und Kunst (HMWK) and by AURO
Pflanzenchemie GmbH. We thank all volunteers; H. Borck, B.
Horr, D. Schrimpf, and T. Mitsche for their kind help: and H.
Hollenbach for the statistical analysis.

References
1. Sequeira JH. Pyrethrum dermatitis. Br J Dermatoi

1936:48:473.
2. Carlson JE. Villaveces JW. Hypersensitivity pneumonitis

due to pyrethrum. JAMA 1977:237:1718-19.
3. Cuiver CA. Maliana JJ, Talbert RL. Probable anaphylac-

toid reaction to a pyrethrin pediculocide shampoo. Clin
Pharm 1988:7:846-9.

4. Hoellinger H. Lecorsier A, Sonnier M, Leger C. Do-Cao-
Tang, Nguyen-Hoang-Nam. Cytotoxicity, cytogenotoxicity
and allergenicity tests on certain pyrethroids. Drug Chem
Toxicol 1987:10:291-310.

5. Wing KD, Hammock BD. Wustner DA. Development of a
S-bioallethrin specific antibody. J Agric Food Chem
1978:26:1328-33.

6. Mitchell JC. Dupuis G, Neil Towers GH. Allergic contact
dermatitis from pyrethrum {Chryscinthemum spp.). Br J
Dermatoi 1972:86:568-73.

7. Madsen C, Claesson MH. Ropke C. Immunotoxicity of the
pyrethroid insecticides deltametrin and tx-cypermetrin.
Toxicology 1996:107:219-27.

8. Stelzer KJ, Gordon MA. Effects of pyrethroids on
lymphocyte mitogenic responsiveness. Res Comm Chem
Pathol Pharmacol 1984:46:137-50.

9. Barrueco C, Herrera A, Caballo C, de la Pena E. Induction
of structural chromosome aberrations in human lympho-
cyte cultures and CHO cells by permethrin. Teratog
Carcinog Mutagen 1994:14:31-8.

10. Kowalczyk-Bronisz SH. Gieldanowski J, Bubak B. Immu-
nological profile of animals exposed to pesticide deltame-
thrin. Arch Immunol Ther Exp 1990:38:229-38.

11. Desi I, Dobronyi I, Varga L. Immuno-. neuro- and general
toxicologic animal studies on a synthetic pyrethroid:
cypermethrin. Ecotoxicol Environ Saf 1986:12:220-32.

12. Diel F, Detscher M, Borck H, Schrimpf D, Diel E, Hoppe

10S8



S-bioallethrin affects human leukocytes

HW. Effects of permethrin on human basophils and
lymphocytes in vitro. Inflamm Res 1998:47:S11-12.

! !. Mosmann TR, Coffman RL. Two types of mouse helper T
cell clones. Immunol Today 1987:8:223-37.

14. Romagnani S, Del Prete G, Maggi E. Role of interleukins
in induction and regulation of human IgE synthesis. Clin
Immunol Immunopathol 1989:50:13-23.

15. Harada Y, Watanabe S. Yssel H, Arai K-I. Factors
affecting the cytokine production of human T cells
stimulated by different modes of action. J Allergy Clin
Immunol 1996:98:S161-73.

16. Diel F, Modi R. Schock B. Mitsche T. Cytokine production
by mononuclear cells (MNC) from pentachiorphenyl
(PCP) impaired individuals in vitro. Allergy 1994:49
Suppl 2:1691.

17. Moya-Ouiles MR. Munoz-Delgado E. Vidal CJ. Interac-
tions of the pyrethroid insecticide allethrin with liposomes.
Arch Biochem Biophys 1994:312:9.5-100.

18. Diel F, Schock B, Modi R, et al. Effects of pyrethroids on
human lymphocytes in vitro. Umwelt Gesundheit 1995:
3:70-5.

19. Hanifin JM, Raijka G. Diagnostic features of atopic
dermatitis. Acta Derm Venereol ]980:Suppl 92:44-7.

20. Well S, Diel F. In vitro interleukin-4 and interfcron-gamma
production by mononuclear cells from atopic dermatitis
patients. Med Inflamm 1993:2:411-15.

21. Mosmann T. Rapid colorimetric assay for cellular growth
and survival: application to proliferation and cytotoxicity
assays. J Immunol Methods 1983:65:55-63.

22. Diel F, Well S, Ficht F, Paetzold M. Tea of Isatis tinaoria
(woad) responses by allergic patients in vivo and in vitro.
Ernahr-Med Nutrition Lances 1992:17:34-6.

23. Ennis M. Automated fluorometric assays. In: Uvnas B,
editor. Handbook of experimental pharmacology. Hista-
mine and histamine antagonists. Vol. 97. London: Springer.
1991:31-7.

24. Davies RJ, Magnussen H. Is pollution a cause or a trigger
for the increase in allergic disease?. Allergy 1997;52 Suppl
38:5-6.

25. Denizot F, Lang R. Rapid colorimetric assay for cell growth
and survival. Modifications to the tetrazolium dye proce-
dure giving improved sensitivity and reliability. J Immunol
Methods 1986:89:271-7.

26. Carmichael C, DeGraff WG, Gazdar AF, Minna JD,
Mitchell JB. Evaluation of a tetrazolium-based semiauto-
mated colorimetric assay: assessment of chemosensitivity
testing. Cancer Res 1987:47:936-42.

27. Moya-Ouiles MR, Munoz-Delgado E, Vidal CJ. The

pyrethroid insecticide deltamethrin modifies the thermo-
tropic properties and lipid packing order of model
membranes. Chem Phys Lipids 1996:83:61-9.

28. Puig M, Carbonell E, Xamena N. Creus A, Marcos R.
Analysis of cytogenic damage induced in cultured human
lymphocytes by the pyrethroid insecticides cypermethrin
and fenvalerate. Mutagenesis 1989:4:72^.

29. Ricci M. Interleukin-4. A key cytokine in atopy. Clin Exp
Allergy 1993:23:370-^.

.30. Ricci M. Matucci A. Rossi O. Source of IL-4 able to induce
the development of THrlike cells. Clin Exp Allergy 1997:
27:488-.50().

31. Surralles J. Xamena N, Creus A, Catalan J, Norppa H,
Marcos R. Induction of micronuclei by five pyrethroid
insecticides in whole-biood and isolated human lymphocyte
cultures. Mutat Res - Gen Toxicol 1995:341:169-84.

32. Ryu J-C. Kim K-R, Kim H-J, et al. Evaluation of the
genetic toxicity of synthetic chemicals. II. A pyrethroid
insecticide, fenpropathrin. Arch Pharm Res 1996:19:251-7.

33. Dianovsky J, Sivikova K. Cytogenetic effects of super-
methrin in pig and cattle lymphocytes. Acta Vet BRNO
1997:66:3.3-8.

34. Paul EA. Simonin HA. Effects of naled, synergized. and
non-synergized resmethrin on the swimming performance
of young trout. Bull Environ Contam Toxicol 1996:57:495-
502.

35. Johansson II, Fredriksson A, Eriksson P. Low-dose effects
of paraoxon in adult mice exposed neonatally to DDT.
Environ Toxicol Pharm 1996:2:307-14.

36. Santoni G, Cantalamessa F. Mazzucca L, Romagnoli S,
Piccoli M. Prenatal exposure to cypermethrin modulates
NK cell cytotoxic functions. Toxicology 1997:120:231-
42.

37. Vivjerberg HPM, van den Bercken J. Neurotoxicological
effects and the mi>de of action of pyrethroid insecticides.
Toxicology 1990:21:10.5-25.

38. Goetzl EJ, Ichikawa S, Ingram DA, et al. Neuropeptide
regulation of pulmonary parenchymal immune res-
ponses. In: Basomba A, Sastre J, editors. XVI European
Congress Allergology and Clinical Immunology ECACI 95.
Bologna: Monduzzi, 1995:161-7.

39. Kasaian MT, Clay MJ, Happ MP, Garman RD, Hirani S,
Luqman M. IL-4 production by allergen-stimulated pri-
mary cultures: identification of basophils as the major IL-4-
producing cell type. Int Immunol 1996:8:1287-97.

40. van Neerven RJJ, Ebner C, Yssel H, Kapsenberg ML,
Lamb JR. T-cell responses to allergens: epitope-specificity
and clinical relevance. Immunol Today 1996:17:526-32.

1059






