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ABSTRACT

Cypermethrin and permethrin are widely used in the agriculture in many countries. Continuous
low level exposure of human to such chemicals may increase the susceptibility to various
diseases due to the suppression of immune system. Therefore, the aim of the present study is to
evaluate the toxicity of these pesticides at immunological, hematological and biochemical levels
using tamoxifen as a modulatory agent against the toxicity of pyrethroids. The animal groups
were intoxicated for 30 or 60 days with either cypermethrin or permethrin. The single effects of
either pyrethroids or tamoxifen were studied. The double effects of both of tamoxifen-
pyrethroids were also investigated. It was found that pyrethroids alone decreased IgG level,
while tamoxifen and tamoxifen plus pyrethroids increased its concentration. Pyrethroids,
tamoxifen and tamoxifen in combination with pyrethroids had an inhibitory effect on
lymphocyte stimulation index measured in vitro, phagocytic function of neutrophil and catalase
activity. These treatment, however, increased relative ear thickness and contact hypersensitivity.
In conclusion, these results raise some concerns about the possibility that tamoxifen may
potentiate or attenuate the effects caused by pyrethroids.
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INTRODUCTION

Synthetic pyrethroids are an important family of pesticides.
They are modified derivatives of pyrethrins, which are natural
substances obtained from the flowers of Pyrrethrum
cinerariaefolium and Pyrethrum carneum (Luty et al., 2000).
Cypermethrin  (cyp) and permethrin (per) are the most
commonly used pyrethroids in agriculture and in domestic
purpose. These chemicals are esters of carboxylic acid with
three chirial centers located at carbons 1 and 3 of the
cyclopropane ring and at the a-carbon of the alcohol moiety.
Cypermethrin has a cyano group, which contributed to
mammalian toxicity (Surralles et al., 1995). Although the
wide utilization of cypermethrin and permethrin as
agricultural insecticides, their immunotoxic mechanisms are
still unclear (Desi et al., 1985; Desi et al., 1986; Hoellinger
etal., 1987; Madsen et al., 1996).

It was reported that these pyrethroids decrease the division
rates of T- and B-lymphocytes in laboratory cultures,
suggesting a functional impairment of these cells (Stelzer and
Gordon, 1984; Blaylock et al., 1995). Permethrin also
inhibited the mitogenic response of murine lymphocytes to
phytohaemagglutinine (PHA), and decreased the production of
interferon- y (IFN-y) and interleukin-4 (IL-4) (Diel et al.,
1998). Additional effects were identified from exposure of
these lymphocytes to pesticides. For example, the elimination
rates of foreign bodies were decreased when T-lymphocytes
were exposed to permethrin (Blaylock et al., 1995). Likewise,
the cytolytic activity of natural killer cells (NK) was also
decreased upon exposure to permethrin (Blaylock et al.,
1995). Santoni et al., (1999) suggested that the changes in
mitogen-induced proliferative responses in the peripheral

blood and spleen of prenatally cypermethrin-exposed rats may
be attributable to pesticide-induced catecholamine release,
which causes an increase output of CD3+, CD4+ and CD8+ T-
cells from spleen and peripheral blood and a consequent
lymphocytosis.

Cypermethrin and deltamethrin exposure has been reported to
lead to a reduced the ability of lymphocyte to bind antigens
which was attributed to a decreased amount of antibody
production (Desi et al., 1986; Lukowicz-Ratajczak and
Krechniak, 1992a). The authors described dose-dependent
reductions in humoral response in rabbits treated with 1/40,
1/20 or 1/10 of the LD50 of cypermethrin. Furthermore,
plaque-forming cells were also reduced in number, which is
another indication of a diminished humoral response
(Tamang et al., 1986). Pyrethroids may also affect the
mechanisms of nonspecific humoral immunity. Thus
application of o -cypermethrin, having stimulatory effect on
the synthesis of tumor necrosis factor-a (TNF-o) was observed
in Swiss albino mice 28 days after treatment. The synthesis of
IL-2 was inhibited or stimulated according to the dose of the
pyrethroid and the gender of the animals used (Luty and Maj,
1998a).

Santoni et al. (1997) reported that rats prenatally exposed to
cypermethrin during days 7 to 16 had a reduced thymus
weight and decreased numbers of T-lymphocytes in this gland
associated with an increased lymphocyte count in the
peripheral blood, which may reflect an accelerated release of
lymphocytes from the thymus.

Depending on the dose level, pyrethroids may exert a toxic,
suppressive or stimulatory effect on the immunological system
(Desi et al., 1985; Desi et al., 1986; Hoellinger et al., 1987;
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Lukowicz-Ratajczak and Krechniak, 1991; Lukowicz-
Ratajczak et al., 1992b; Madsen et al., 1996). The defensive
capability of neutrophils changes as a result of the dermal
absorption of o —cypermathrin. This compound when
administered in a dose 1/10 LD50 caused induction of
phagocytic activity, however, higher dose 1/2 LD50
suppressed phagocytic activity (Luty et al., 1998c).

Tamoxifen has been used as a chemotherapeutic agent for
oestrogen receptor positive neoplasias for the past two decades
and has significantly increased patient survival. Furthermore,
it has been shown to be efficacious in some oestrogen receptor
negative tumours and as a prophylactic in those with family
histories of breast cancer (MacGregor and Jordan, 1998).
The mechanism of action of tamoxifen was originally thought
to be based solely on its ability to competitively bind to
oestrogen receptors. However, recent research has shown that
its actions are more complicated. Tamoxifen has both agonist
and antagonist actions at oestrogen receptors. For example,
while tamoxifen competes for binding with oestrogen
receptors in breast tissue, it has oestrogenic actions on bone
and lipid metabolism (Watanabe et al., 1997). Many of the
benefits of tamoxifen chemotherapy come from this dual
activity since it can be used as an anti-oestrogen in breast
tissue but at the same time preserve bone density and be
cardioprotective due to its oestrogenic action. Whether
oestrogenic or anti-oestrogenic actions are seen relate not only
to tissue/cell type but also to whether binding occurs to either
Al or A2 transcription activating factors and to the ratio of
oestrogen receptor subtypes a and B present in the tissue
(Watanabe et al., 1997; Kuiper et al., 1998). Further
research has shown that tamoxifen, along with its metabolite,
4-hydroxy-tamoxifen, has non-genomic actions that may
contribute to its anti-tumor activity (MacGregor and Jordan,
1998; Kostrzewska et al., 1997; Cantabrana and Hidalgo,
1992). Csaba and Inczefi-Gonda (2000) proved that single
injection of tamoxifen to newborn rats causes a faulty
imprinting in thymic receptors, increasing affinity and density
of males, and decreasing females' glucocorticoid receptors as
well as decreasing the density of uterine estradiol receptors.

When the adult intact and castrated male rats were treated with
tamoxifen for long term, the results showed the following: (1)
Age-related involution of the male thymus from the juvenile
period through puberty to post puberty depends on the rising
testosterone levels and represents mainly a decrease of thymic
lymphoid-cell elements. (2) Tamoxifen administration
reverses thymic involution in intact adult male rats and this
effect is related to a dose-dependent, tamoxifen-induced
castration and decrease of testosterone levels. (3) The changes
of circulating testosterone levels, either resulting from
maturity, or induced by tamoxifen or by castration, have a
minimal effect on splenic growth and weight. (4) In contrast
to intact animals, administration of tamoxifen at
pharmacological doses to adult castrated rat’s results in thymic
regression. These findings revealed that tamoxifen is able to
reverse aging changes in the thymus by suppressing
testosterone production, whereas it exerts thymolytic effects in
the absence of androgens (Sfikakis et al., 1998).

Pasqualinni et al., (1984) reported that tamoxifen provokes a
selective decrease the larger and actively proliferating
lymphoid cells of the cortical zone. Moreover, Leitner et al.
(1996) reported that tamoxifen strongly inhibited humoral
immune response to E. coli and sheep red blood cells (SRBC)
antigen in avian. In addition, tamoxifen has stimulatory effect
on overall cytokine production in B-cell line, whereas on a T-
cell line, it stimulated IL-1B, IL-6 and IFN-y production
(Jarvinen et al., 1996).

Pretreatment  of  T-cell  enriched-preparations  with
"therapeutic" concentrations of tamoxifen augmented their
capacity to promote 1gG but not IgM secretion of untreated
autologous B-lymphocytes (Baral et al., 1986). Fishelson et
al.,, (1992) proved that tamoxifen blocked the action of
leukoregulin (LR) which is a lymphokine secreted by human
natural killer cells. In patients undergoing adjuvant therapy
with tamoxifen, an increase of reactivity in the leukocyte
migration inhibition test against tumor tissue and increase in
the percentage of natural killer cells were observed
(Mallmann et al., 1990).

In breast cancer patients, the lymproliferative response to
PHA was reduced sharply when they were treated with
tamoxifen (Scambia et al., 1988). Tamoxifen treatment
resulted in diminished expression of C3-receptors on the cells
as detected (Baral et al., 1985). Tamoxifen also inhibits the
phagocytosis of rod outer segments by retinal pigment
epithelium in both human retinal pigment epithelial cell line
D407 and pig retinal pigment epithelial cells (Mannerstrom
et al., 2001). The results show a reduction in the activity of
the retinal pigment that removes the outer segment of
photoreceptor cells by phagocytosis after tamoxifen exposure
(Toimela et al., 1995). Current evidence clearly indicated that
free radicals play a prominent role in the incidence and
development of breast cancer. Tamoxifen-treated patients
showed remarkably increased levels of enzymic and
nonenzymic antioxidants (Thangaraju et al., 1994). The
activity of  glutathione  S-transferase and  hexose
monophosphate shunt (HMS) in rat liver were permanently
induced by the high dose of tamoxifen (Ahotupa et al., 1994).

The aim of the present study is to investigate the modulatory
action of tamoxifen as antiestrogenic compound on the
subchronic immunotoxic effect of pyretheroids in male Wistar
rats.

2. Materials and Methods
2.1. Insecticides used:

Two pyrethroids exhibiting two different structures purchased
from Help Pesticides and Chemicals Company (Free Zone,
New Damietta, Egypt) were used:

A - Cypermethrin:  a-cyano-3-phenoxybenzyl(1RS)-
cis,trans-3-(2,2-diclorovinyl)-2,2-dimethyl-cyclopropane
carboxylate of 95% purity.

B — Permethrin: 3—phenoxybenzyl-3-(2,2-dichlorovinyl)-2,2-
dimethyl-cyclopropane carboxylic acid of 92% purity.

Both insecticides are used in a large scale in Egypt. They were
dissolved in pharmaceutical-grade sesame oil.

C- Anticancer used (Tamoxifen):

Tamoxifen: ([Z]-1-[P-Dimethyl amino ethoxyphenyl]-1,2-
diphenyl-1-butene) was purchased from Sigma, USA.

2.2. Experimental animals:

Four to six week-old outbred albino male Wister rats with
average weight of 100 — 150 g were purchased from the
Egyptian Organization for Biological and Vaccine Production,
Cairo, Egypt., and kept under conventional conditions in the
animal house, Zoology Department, Faculty of Science,
Minufiya University. Standard rodent food and water were
available at all times. The animals were acclimatized to
laboratory condition for about one week before the
experiments.

2.3. Experimental design:
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The acute oral LD50 of both compounds was determined by
the method of Litchfield-Wilcoxon (1949) on 8-week old male
Wistar rats using eight doses and six animals per dose. In the
present study, equitoxic doses of 1/60 LD50 (Cypermethrin:
1.0 mg/kg and permethrin: 12.9 mg/kg) were dissolved in
pharmaceutical-grade sesame oil. Sixty rats were divided into
six groups of 10 rats for each group:

Group (1): Composed of two subgroups (five rats each)
received sesame oil orally at similar volumes as the treated
groups and was considered as controls.

Group (2 and 3): Composed of four subgroups (five rats each)
received orally equitoxic doses of 1/60 LDs;.

Group (4): Composed of two subgroups (five rats each)
received orally tamoxifen (1.8 mg/kg) that equivalent to daily
human therapeutic dose after conversion to rats (Paget and
Barnes, 1964).

Group (5 and 6): Composed of four subgroups (five rats each)
received orally equitoxic doses of 1/60 LDs, and
modulated by Tamoxifen (1.8 mg/kg).

2.4. Blood and tissue samples:

Blood was collected from the hepatic portal vein of the rats.
Each blood sample was divided into two tubes, one of them
was mixed with heparin and the other was permitted to clot.
The tubes were centrifuged in a cooling centrifuge at 3000
rpm for 15 min to separate blood serum. The separated serum
was sampled into clean tubes and kept in a deep-freezer at -
50 °C.

Liver, thymus, spleen and testes were excised and blotted
using filter paper placed in plastic containers and kept in a
deep-freezer at -50 °C till further analyses were performed.

2.5. Toxicological and haematological parameters

The organ relative weight was done for each animal by
dividing the organ weight by the animal weight.

For hematological studies, total leukocytic count (WBC),
absolute differential white blood cell count; was done
manually according to method described by (Dacie and
Lewis, 1991).

2.6. Immunological parameters

Lymphocytes were isolated from the heparinized blood
sample according to the method of Boyum et al. (1968).
Lymphoproliferative response to mitogen was carried out by
culturing the lymphocytes with phytohemagglutinine (PHA)
under complete sterile conditions for three days at 37°C at 5%
CO, incubator. The stimulation index was estimated by
incorporating *H-thymidine in the culture medium at the third
days and measured using - scintillation counter (Colley et
al., 1979).

The innate immunity was evaluated by investigating the
phagocytic function of the neutrophils. Briefly, neutrophils
were isolated from the heparinized blood sample according to
the method of Markert et al. (1984) and incubated with
boiled yeast cells for 30 min at 37°C. Then, the reaction was
stopped by putting the tubes in ice cold water. The phagocytic

index was estimated by checking the phagcytic cells under
ordinary light microscope according to the method of
Timothy et al. (1997).

The humoral immunity was evaluated by measuring the level
of 1gG in the serum of animals using radial immunodiffusion
plates (RID) according to the method of Mancini et al.
(1965). The contact hypersensitivity response (relative ear
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thickness) assay was performed according to Gad et al.,
(1986).

2.7. Biochemical assays

Protein content was determined in liver homogenate according
to the method of Lowry et al. (1951). Catalase activity as
antioxidant enzyme was determined in the liver homogenate
according to the method of Aebi, ((1974)

2.8. Data processing

Data were collected and analyzed by using SPSS software®.
The statistical analyses were carried out by Independent
Student-t test and one-way ANOVA, setting the probability
level to P<0.05, post hoc analysis of group differences was
performed by LSD test. The treated groups were compared to
each other and with untreated control group.

RESULTS

Table (1) demonstrates the effect of pyrethroids on the
relative organ weights. No significant change was observed on
the relative spleen weights in rats as a result of treatment of
cypermethrin. Permethrin showed a significant increase in the
relative spleen weight (P<0.05) when compared to that of the
control group after 30 days of intoxication. Also, no
significant effect was recorded for the relative spleen weight
upon the treatment with tamoxifen after the same period of
treatment. The modulatory effect of tamoxifen was
demonstrated when it was combined with cypermethrin that
displayed significant elevation in the relative spleen weight
(p<0.01) when compared to that of cypermethrin treated group
after 30 days. After 60 days no significant effect was observed
upon the treatment with pyrethroids, tamoxifen or co-exposure
of pyrethroids with tamoxifen.

As shown in Table (1), the relative liver weight was
significantly increased (p<0.001) in rats treated with either
permethrin or cypermethrin when compared to that of the
control group after 30 days. Also, tamoxifen had the same
effect after the same period. Moreover, in intoxicated rats
treated with co-exposure of pyrethroids with tamoxifen, the
relative liver weight was significantly increased (p<0.05)
when compared to those of permethrin or cypermethrin
intoxicated group.

After 60 days, rats treated with either pyrethroid displayed a
significant decrease in relative liver weight when compared to
that of the control. On the other hand, treatment with
tamoxifen alone, indeed, revealed a significant increase
(p<0.05) in the relative liver weight. Similar effect was
observed in relative liver weight in rats treated with
tamoxifen—pyrethroid intoxicated rats when compared to those
treated groups with pyrethroids.

As shown in Table (1) A significant decrease (p<0.05) in the
relative testes weight in male Wister rats treated with
permethrin was observed, while no significant change was
observed upon treatment of cypermethrin or tamoxifen for 30
days when compared with their respective control group. In
tamoxifen—permethrin treated rats, the relative testes weight
was significantly reduced (p<0.05) when compared to that of
the permethrin group. After 60 days, the relative testes weight
was significantly reduced (p<0.05) in pyrethroids treated
groups when compared to those of control groups. Moreover,
the relative testes weight was significantly decreased
(p<0.001) in rats treated with tamoxifen. Rats treated with
both permethrin and tamoxifen or cypermethrin and tamoxifen
displayed a significant drop in relative testes weight as
compared to either permethrin or cypermethrin only.
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As shown in Table (1) a significant decrease (p< 0.05) in the
relative thymus weight in rats treated with either permethrin or
cypermethrin was observed when compared to that of the
control group after 30 days, while rats treated with tamoxifen
displayed a significant increase (p<0.05) after the same
experimental period. the relative thymus weight was
significantly increased (p<0.05) in male Wister rats upon
treatment with tamoxifen-pyrethroids when compared to each
pyrethroid alone after 30 days.

After 60 days, rats treated with permethrin displayed a
significant decrease in the relative thymus weight, as
compared to its control group. No significant effect in rats
upon treatment with cypermethrin after the same period.
Tamoxifen induce a significant increase (p<0.05) in rats.
However, tamoxifen was able to modulate the pyrethroids
effect thus, increases in the relative thymus weight was
observed.

Table (2) shows the effect of the chronic doses of type | and 11
pyretheroids and tamoxifen- pyrethroids on the total
leukocytic count. The results indicated that the subchronic
doses of permethrin, cypermethrin or tamoxifen after 30 days
caused significant decreases in total leukocytic count (P<0.05)
in male Wistar rats compared to those of the control group.
Rats treated with both permethrin and tamoxifen or
cypermethrin and tamoxifen displayed significant increases in
the total leukocytic counts, as compared to permethrin or
cypermethrin alone after 30 days. No significant change was
observed in rats treated with permethrin, cypermethrin or
tamoxifen after 60 days, only rats that exposed to tamoxifen-
permethrin showed a significant increase in total leukocyte
counts, as compared to permethrin alone after 60 days.

Table (3) demonstrates the effect of chronic treatment of
pyrethroids or co-exposure of animals to both pyrethroids and
tamoxifen on absolute differential count of leukocytes.
Significant decreases (P<0.05) were observed in the absolute
lymphocyte counts in rats treated with cypermethrin, while no
significant change was demonstrated upon treatment of
permethrin when compared to that of its control group after 30
days. Moreover, a significant decrease was demonstrated in
rats upon treatment with tamoxifen after the same period. Rats
treated with tamoxifen- permethrin only displayed a
significant increase (p<0.05), as compared to that of the
permethrin group after 30 days.

As shown in Table (3) a significant decrease (p<0.05) of the
absolute monocyte and granulocyte counts were observed in
rats treated with either permethrin or cypermethrin when
compared to their respective control groups after 30 days.
Also, similar effect was observed upon treatment with
tamoxifen. Rats treated with both tamoxifen and permethrin or
cypermethrin displayed significant increases (p<0.05) in both
the absolute monocyte and granulocyte counts when compared
to those of the permethrin or cypermethrin groups after 30
days.

After 60 days no significant change in the absolute
lymphocyte and granulocyte counts was observed upon
treatment with pyrethroids when compared to those of control
groups. Only a significant decrease in the absolute monocyte
count was observed in rats treated with either cypermethrin or
tamoxifen when compared to that of the control group. Rats
treated with tamoxifen —pyrethroids (permethrin or
cypermethrin) displayed no significant changes in the absolute
monocyte, lymphocyte and granulocyte counts, as compared
to either permethrin or cypermethrin.

The effects of chronic treatment of rats with pyrethroids and
co-exposure of rats to both pyrethroids and tamoxifen on

lymphocyte response to mitogen, expressed as stimulation
index (SI) were shown in Table (4). Significant decreases
(P<0.001) were observed in rats treated with both permethrin
and cypermethrin after 30 days and 60 days when compared to
those of the control groups. Similar effects were noticed when
rats were treated with tamoxifen after the same experimental
periods and no modulatory effect was observed in rats treated
with pyrethroids with tamoxifen after the periods of treatment.

Table (5) illustrates the effect of chronic doses of pyrethroids
and co-exposure of pyrethroids with tamoxifen on the
phagocytic function of neutrophils, expressed as phagocytic
index. A significant decrease (P<0.001) was observed in rats
upon treatment with permethrin, cypermethrin and tamoxifen
after 30 and 60 day when compared to those of the control
groups. Rats treated with both permethrin and tamoxifen or
cypermethrin and tamoxifen displayed a significant drop in
phagocytic indices, as compared to permethrin or
cypermethrin alone after 30 days. On the other hand, the
phagocytic index was significantly increased in tamoxifen -
permethrin group when compared to that of permethrin treated
group after 60 days.

The effect of chronic treatment of pyrethroids and co-exposure
of pyrethroids with tamoxifen on the serum level of
immunoglobulin G (IgG) was shown in Table (6). The results
indicated that type | and Il pyrethroids caused a significant
decrease (P<0.05) in the level of IgG when compared to the
control group. On the other hand, treatment with tamoxifen for
30 and 60 days significantly increased (P<0.05) the 1gG level
when compared to the control group. Also, the combined
influence of pyrethroids and tamoxifen has led to significant
increases (P<0.001) in IgG levels after 30 and 60 days of
treatment, as compared to their respective pyrethroid groups.

The effects of pyrethroids and tamoxifen on the liver catalase
activity are shown in Table (7). The results demonstrated that
type | and Il pyrethroids significantly reduced (P<0.01) the
catalase activity when orally administrated to rats for 30 and
60 days, compared to control group. Also, catalase activity
was significantly diminished (P<0.01) upon treatment with
tamoxifen for 30 and 60 days. The data also showed that
tamoxifen exhibits no modulatory action on the pyrethroid
intoxicated groups.

Tables (8A and B) illustrate the effects of topical application
of permethrin and cypermethrin, on the contact
hypersensitivity response measured as relative ear thickness
(RET). The results demonstrate that topical application of
subchronic dose of permethrin to rats for 0 day, 30 and 60
days caused significant increases in the RET, compared to the
control group. The results also show that tamoxifen
significantly increased (P<0.05) the RET when applied alone
to rats for O day and 30 days, compared to the control group.
Tamoxifen- permethrin treatment increased the RET
compared to that of permethrin alone after 30 days, while, no
significant change was observed after 60 days.

As shown in table (8B), cypermethrin significantly increased
(P<0.05) the RET when topically applied to male Wistar rats
for 0 day, 30 and 60 days, compared to the control group.
Also, a significant increase (P<0.05) was observed in RET in
tamoxifen- cypermethrin treated group when compared to that
of the control group. Tamoxifen- cypermethrin treatment
seems to be significantly decreased (P<0.05) when compared
to that of the cypermethrin alone after30 and 60 days.

Moreover, topical application of chronic treatment of
pyrethroids (permethrin and cypermethrin) and also tamoxifen
—pyrethroids treatment to male Wistar rats for 30 and 60 days
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caused a significant inhibition in the RET compared to these
groups at 0 day.

Discussion

The present study investigated the immunotoxic effect of two
synthetic pyrethroids commonly used in agricultural purposes,
(cypermethrin and permethrin). and the ability of tamoxifen
(anticancer agent) to modulate the immunotoxic effect of these
pyrethroids.

The results of the present study demonstrated that after 30
days, rats treated with pyrethroids showed a significant
increase in the relative liver weight. On the other hand, a
significant decrease in the relative thymus weights. Only
permethrin showed a significant increase in the relative spleen
weights, conversely, a significant decrease in the relative
testes weights. Tamoxifen alone and co-exposure of each
pyrethroid with tamoxifen illustrates a significant increase in
the relative liver and thymus weights when compared to their
respective pyrethroid groups. In contrary, co-exposure of
permethrin with tamoxifen demonstrates a significant decrease
in the relative testes weight when compared to their respective
permethrin group. After 60 days, rats treated with pyrethroids
illustrate a significant decrease in the relative liver and testes
weights. Moreover, permethrin alone show a significant
decrease in the relative thymus weights when compared to that
of the control group.

Tamoxifen alone and co-exposure of each pyrethroid with
tamoxifen showed no a significant change in the relative
spleen weight, a significant increase in the relative liver and
thymus weights, while, a significant decrease in the relative
testes weight when compared to their respective pyrethroid
groups.

The results of the present study are coincident with those
obtained by Siroki et al. (1994) who reported a reduction in
the relative liver weight in male CFLP mice after treatment
with supercypermethrin. Krechniak and Wrzesniowska
(1991) demonstrated irregular changes in the relative liver
weights of rats following 20-days oral administration with 80
mg/kg cypermethrin. In other studies undertaken by Parker et
al. (1984a, b); Hext et al. (1986); Ishmael and Litchfield
(1988); Schoenig (1995) and IRIS (2001a, b) the authors
indicated an increased liver weights, congestion,
hepatocellular hypertrophy and other microscopic signs of
changes in liver of experimental animals during intermediate
and chronic oral administration of  pyrethroids.
Administration of permethrin at doses of 12.6, 50.3 and 125.7
mg/kg caused an increase of relative liver weight in male
Wister rats (Kadota et al., 1975; Killen and Rapp, 1976;
Clapp et al., 1977; Hart et al., 1977; Metker et al., 1977
and Institoris et al., 1999a). In another investigation,
Institoris et al., (1999b) reported an elevation in the relative
liver weights in four weeks old male Wister rats following
treatment with cypermethrin. Dési et al. (1986) revealed that
treatment with cypermethrin at doses of 6.25, 12.5 and 25
mg/kg/day for 6 and 12 weeks lead to non-significant changes
in relative spleen. Our findings are consistent with the results
of Madsen et al. (1996) who indicated that cypermethrin had
no effect on relative spleen weight; and deltamethrin deceased
relative thymus weights after 28 days of treatment in male
F344 rats. The results of our study are also in agreement with
the results of Forsberg (2000) who found that eight-week-old
NMRI mice treated neonatally with tamoxifen, which
displayed an enlargement in the thymus. Moreover, it was
reported that treatment with tamoxifen leads to a significant
reduction in spleen weight (Kosaka and Yamashita, 1992).
In addition, Gill-Sharma et al. (2001) reported that the
relative testes weight was significantly reduced in male Wistar
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rats after oral administration of tamoxifen at a dose of 0.4
mg/kg/day for 120 days.

A comparative study was carried out on different strains of
experimental animals (rats) to investigate the effect of
tamoxifen on relative liver weight and cell proliferation for 26
weeks of treatment. In Wistar and Lewis but not F344 rats,
there was a marked increase in hepatocellular proliferation
during the first 4 weeks of treatment. The onset of the
proliferative response was delayed for thirteenth week in the
F344 strain (Stanley et al., 2001). Tamoxifen users displayed
a significant increase in the level of liver fats (Nguyen et al.,
2001). Treatment with TAM" phenobarbital (20 mg/kg per
day) for 6 weeks of, female lambda/lacl transgenic rats
resulted in time-dependent increases in liver weight compared
with the corresponding controls (Styles et al., 2001).

The results of the present study demonstrated a significant
decrease in the total leukocyte count, absolute lymphocyte,
monocyte and granulocyte counts were observed in rats
treated with pyrethroids or tamoxifen when compared to that
of the control group after 30 days. While no significant change
was demonstrated in the absolute lymphocytes count upon the
treatment of permethrin alone. The combined influence of
pyrethroids and tamoxifen display an increase in the total
leukocyte count, absolute monocyte and granulocyte count in
male Wister rats when compared to their respective pyrethroid
groups. Co-exposure of permethrin with tamoxifen only
displayed an increase in absolute lymphocyte count. After 60
days no significant change in the absolute lymphocyte and
granulocyte count was recorded. Only a significant decrease in
the absolute monocyte count was observed in rats treated with
either tamoxifen or cypermethrin. Co-exposure to pyrethroids
plus tamoxifen showed a minimal increase in the total
leukocyte count. These findings are consistent with the results
of Varshineya et al. (1992) who reported that cypermethrin
reflected a depression of cellular response accompanied by
leucopenia. Also, cypermethrin decreased white blood cell
counts recorded in studies undertaken by Institoris et al.
(1999a) and Krishnappa et al. (1999). Komi and Lassile,
(2000) showed that tamoxifen inhibited the differentiation of
white blood cells, especially for lymphocytes. Also, Sabbioni
et al. (1999) reported that tamoxifen induced a decrease in
lymphocytes and its subset counts. In addition, Grey et al.
(1997) illustrated that 20 mg/day of tamoxifen over two years
resulted in a significant decline in the total leukocyte count.

The results of this work demonstrated that oral administration
of 1/60 of LD50 of pyrethroids or tamoxifen to rats for 30 and
60 days resulted in a significant inhibition in lymphocyte
proliferation to mitogen. Co-exposure of permethrin or
cypermethrin with tamoxifen increased the inhibitory effect of
pyrethroids on lymphocyte proliferation to mitogen.

Stelzer and Gordon, (1984) proved that permethrin and
cypermethrin inhibited the T cells and B cells proliferation in
vitro. Santoni et al. (1998) noticed a reduction in mitogen-
induced T-cell proliferation in prenatal exposure pregnant
female Wister rats orally administrated 50mg/kg of
cypermethrin. Several lines of evidence indicate that type Il
pyrethroids are strong inducers of both adrenaline and
noradrenaline release (Ray and Cremer, 1979; Cremer and
Seville, 1982; Bradburry et al., 1983; Ray, 1991), and both
adrenaline and noradrenaline in vitro inhibit Con-A induced
proliferation of murine thymus cells (Cook-Mills et al.,
1995). Moreover, Wu et al. (2000) indicated that tamoxifen
inhibits the induction of T-cell by interleukin-2 (IL-2). In
addition, tamoxifen, at concentration of 0.1 tol M
significantly inhibited the response of rat spleen cells to
phytohemagglutinin  (PHA), concanavalin-A (Con-A) and
pokeweed mitogen (PWM) in a dose-dependent manner
(Baral et al., 1994; Baral et al., 1989). Also, it was reported
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that treatment with tamoxifen leads to a general inhibition of
lymphocyte proliferation to PHA in vitro (Baral et al., 2000)
and in breast cancer patients (Scambia et al., 1988).

The phagocytic function of neutrophils in rats treated with
pyrethroids or tamoxifen for 30 and 60 days. These results
demonstrated significant reductions compared to those of the
control group. Co-exposure of each pyrethroid and
furthermore, tamoxifen potentiate this inhibitory effect on the
phagocytic function of neutrophils.

In this respect the results agree with the others especially
those recorded by Punareewattana et al. (2001), who
reported that the ability of permethrin to inhibit the production
of H202 by splenic macrophages 2 days post-exposure. The
same finding was proved by Gassner et al. (1997) who
demonstrated that permethrin inhibits mitochonderial complex
I, which may interfere with the electron transport chain and
thus the respiratory metabolic burst of the phagocytic cells.
Also, Luty et al. (2000) proved that the administration of a-
cypermethrin at doses of 1/2 and 1/5 LD50 to Swiss mice for
28 days resulted in a lower bactericidal activity of neutrophils
as demonstrated using the nitroblue —tetrazolium test (NBT).
As regard to tamoxifen, Lukac et al. (1994) indicated that
tamoxifen exhibited an inhibitory effect on phagocytic
function of macrophages in vitro. Tamoxifen also inhibited the
phagocytosis of rod outer segments by retinal pigment
epithelium in both human retinal pigment epithelial cell line
D407 and pig retinal pigment epithelial cells (Mannerstrom
et al., 2001). Baral et al. (1994) reported that tamoxifen
inhibited phagocytosis and block H202 production by human
neutrophils.

Oral administration of chronic dose of pyrethroids to male
Wistar rats leads to a significant decrease in the level of IgG
when compared to those of the control group. On the other
hand, 1gG level was elevated upon treatment with tamoxifen.
Moreover, tamoxifen when combined with each pyrethroid
was able to modulate effect of pyrethroids.

Hadnagy et al. (2003) reported that pyrethroids cause a
significant decrease in the 1gG concentrations in volunteer
persons. Also, Siroki et al. (1998) demonstrated that the
treatment with supercypermethrin resulted in a reduction in
the splenic 1g plaque-forming cells (Ig-PFC) number. A
significant reduction in humoral immune response was
observed at the 25 mg/kg/day of pyrethroids for 6 or 12 weeks
(Dési et al. 1986). The present results are consistent with
those which reported that tamoxifen has an inhibitory action
on suppressor T-lymphocytes and in some situations this
could lead to enhancement of immunoglobulin secretion by B-
lymphocytes (Baral et al., 1994). Paavonen et al. (1991)
proved that tamoxifen can increase plaque-forming cells
response of peripheral blood lymphocytes and subsequently
causes an increase in the number of Ig-secreting cells in PWM
stimulated cultures.

The influence of subchronic doses of type | and Il pyrethroids
on liver catalase activity in male Wistar rats treated orally for
30 and 60 days, demonstrated that both permethrin and
cypermethrin have significantly reduced the catalase activity
in the liver. Tamoxifen also caused a significant decrease in
liver catalase activity when compared with control group.
Meanwhile, tamoxifen exhibited no modulation effect on the
catalase activity when administrated with pyrethroids.

Previous studies reported that an increase in the oxidative
damage in rat erythrocytes was followed by a reduction in
antioxidant enzymes (Bagnasco et al., 1991; Bainy et al.,
1993; Oruc and Uner, 2000; Gabbianelli et al., 2002). This
might be result from O2 production or a direct action of

pesticides on the synthesis of the enzyme. Moreover,
Punareewattana et al. (2001) reported that permethrin
inhibited the production of H202 in splenic macrophages. The
presence of hydrogen peroxide could stimulate an increase of
the catalase activity (Aebi, 1974). Accordingly, we can
assume that the inhibition of H202 may lead to the
remarkable inhibition of catalase activity in rat liver
homogenate. In addition, the gradual decrease in erythrocyte
catalase activities over a period of time in rats treated with
pyrethroid shows a decrease in reactive oxygen species
generation due to metabolism and excretion of these
pyrethroids (Kale et al., 1999).

The results of the present study are in agreement with the
results of Caballero et al. (2001) who indicated that
tamoxifen might cause alterations in liver cell homeostasis and
thereby leads to liver damage and subsequently increases the
reactive oxygen species (ROS). The diminished catalase
activity in tamoxifen-treated animals might result of its
sensibility to at least one of the ROS generated under
oxidative stress. Inhibition of catalase could be the
consequence of an irreversible autocatalytic process, in which
the sustained increase of ROS would finally lead to cellular
death (Pigeolet et al., 1990). In another study, raloxifene
treatment had no statistically significant effect on catalase
activity measured in the plasma of neurodegenerative diseased
and cerebral ischemic patients (Oga et al., 2003). These
results are consistent with the observation of Thangaraju et
al. (1995) who reported that tamoxifen is potent suppressor of
lipid peroxidation through the favorable effects on membrane
lipid and protective enzyme system.

The topical application of subchronic doses of permethrin to
male Wistar rats for 0 day, 30 and 60 days caused a significant
increase in the contact hypersensitivity response measured as a
relative ear thickness (RET) when compared to the control
group. In addition, cypermethrin showed a remarkable
increase in RET when applied for 0 day, 30 and 60 days,
compared to the control group. Meanwhile, tamoxifen
exhibited a stimulatory effect on the contact hypersensitivity
response. No remarkable modulation was observed when
tamoxifen was combined with pyrethroids.

Previous studies have revealed that pyrethroids induced the
human basophils to release the histamine, which is the
essential element for hypersensitivity reaction (Diel et al.,
1999). The same finding was proved by EIl-Elaimy et al.,
(1990) who reported that cypermethrin stimulated the release
of histamine into the blood of poisoned rats. Exposure to
pesticides caused tissue damage that may lead to release of
basic polypeptide or protein fractions that have direct action
on cells producing histamine causing its exocytosis (Bayoumi
et al., 1979; Hassan et al., 1985). In injured tissues, histamine
released from damaged cell, increase capillary permeability.
Thus it is probably responsible for some of the swelling in the
area of inflammation (Ganong, 1989). Pollutants, like
pyrethroids, have been proposed as causative agents of
increasing allergic disease and hypersensitivity, although this
is a controversial area (Pauluhn, 1996; Davies and
Magnussen, 1997). This observation is consistent with the
finding of Moya-Quiles et al. (1996) who proved that
pyrethroids interfere with the packing order of cell membranes
and hence may cause histamine release via a non-specific
mechanism. The results also are confirmed with the
observation that eight-week-old female and male NMRI mice
treated, at neonatal period, with the synthetic tamoxifen
exhibited delayed-type hypersensitivity (DTH) response
(Forsberg, 2000).

Beside the differences in strains, sub-strains, doses, and
treatment schedules, the contradictory results in the literature



122

can probably be attributed to differences in purity and cis :
trans ratio of cypermethrin or permethrin used.

In conclusion, tamoxifen may increase the risk of either
effects or adverse immuno-toxicological effects caused by
pyrethroids. This may be explained on the basis of its
mechanism of action which was originally thought to be based
solely on its ability to competitively bind to oestrogen
receptors, however recent research has shown that its actions
are more complex than expected (Watanabe et al., 1997).

Tamoxifen has both agonistic and antagonistic actions at
oestrogen receptors. For example, while tamoxifen competes
for binding with oestrogen receptors in breast tissue it has
oestrogenic actions on bone and lipid metabolism (Watanabe
etal., 1997).

Pyrethroid pesticides showed also estrogenic potential. Such
estrogenic potentialities were ranked as Permethrin >
cypermethrin > deltamethrin  (Chen et al.,, 2002). Sex
hormones can strongly influence immune response (Clemens
et al., 1979; Forsberg, 1984). Moreover, both estrogen and
progesterone receptors have been identified recently in human
lymphocytes (Cohen et al., 1983; Purdom , 1983; Forsberg,
1984).

In conclusion, it can be suggested that altered immune
responses in male rats occurred after oral administration of
subchronic doses of type | and Il pyrethroids, including
antibody production, which have high concordance (predictive
values)  for  immunosuppression in  rats.  Beyond
immunosuppression, data also, suggest possible increased
incidence of allergic effects associated with chronic exposure
to pyreth -roids. The presence of o-cyano group in
cypermethrin provokes its immunotoxic action compared to
permethrin. For the same reason, permethrin being more
permeable it easily filters through the membrane compared to
cypermethrin influencing more intracellular enzymatic
activity.
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Table (1): Relative organ weights in male Wistar rats chronically treated with pyrethroids
for 30 and 60 days and after modulation with tamoxifen.

Period

Parameter Independent

Groups After 30 days  After 60 days Samples Test
Mean +SD Mean *SD T Sig. (2-tailed)

Spleen wt./Body weight Control 246  £0.10 270*  £0.03

(gx107) Permethrin 2.72° +0.10 2.69%  +0.18 0.339 0.743
Cypermethrin 2.60% +0.04 2.63% +0.06 0.931 0.379
Permethrin + Tamoxifen 2.61%*  +0.09 2.78°2 +0.13  2.450 0.040*
Cypermethrin +
Tamoxifen 3.83° +0.26 2.51° +0.13  9.696 0.000**+
Tamoxifen 245% 1022 261% 1024 1118  0.296
ANOVA 44.33 1.927
P 0.000*** 0.127

Liver wt./Body weight (- Control 32.04"  +0.81 31427 +0.87

g x 107) Permethrin 3518° $0.08 28.34° 1089 17.100  0.000%**
Cypermethrin 33.60° +050 29.08° +0.26 17.951  0.000%**
Permethrin + Tamoxifen 38.44° +0.05 34.92° +0.43 18.300 0.000***
Cypermethrin +
imoxifen 35.32°  +0.19 31.62% +0.70 11.375  0.000%**
Tamoxifen 34.92°  +0.86 35.64° +220 0.681 0.525
ANOVA 79.864 36.970
P 0.000*** 0.000***

Testes wt./Body weight control 10.83%  +0.20 12.12*  +0.73

(gx107) Permethrin 9.92° +034 11.54° +026 8422  0.000%**
Cypermethrin 10.98%  £0.36  10.52°  £0.22 2.431  0.041*
Permethrin + Tamoxifen 9.26° +0.47 2.39¢ +0.05 32.357 0.000***
Cypermethrin +
Tamoxifen 10.70°  +0.26  2.93% +0.29 37.989  0.000%*
Tamoxifen 11.30%° +050 3.14° +0.65 20.989  0.000***
ANOVA 17.337 585.73
P 0.000*** 0.000***

Thymus wt./Body weightControl 142°  #0.01 0.93%  0.02

(gx107) Permethrin 1.12°  +001 0.76°  +0.03 25314  0.000**
Cypermethrin 1.08" £0.11  0.99° +0.04 1.851 0.123

Permethrin + Tamoxifen 1.39% +0.10 1.46° +0.05 1.298 0.231
Cypermethrin +

Tamoxifen 1.62° +0.08  1.16° +0.09  8.388 0.000***
Tamoxifen 1.57°¢ £0.07 1.30° +0.07  6.008 0.000***
ANOVA 43.367 108.569
P 0.000*** 0.000***

Significant * (P<0.05), High significant ** (P<0.01), and Very high significant *** (P<0.001)

ANOVA: Analysis of variance, and SD” Standard deviation

Significant differences between groups calculated by ANOVA and follow up test (LSD)

Means in the same columns assigned with the same letter show insignificant differences between these values.
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Table (2): Total leukocytic count in male Wistar rats chronically treated with pyretheroids
for 30 and 60 days and after modulation with tamoxifen.

WBCS (10¥mm?)

Independent Samples

Groups After 30 days After 60 days Test

Mean +SD Mean +SD T Sig. (2-tailed)
Control 15.54°  +1.14 12.33%  +0.50
Permethrin 11.58"° +1.31 11.80° +0.20 0.280 0.789
Cypermethrin 11.06" +1.21 10.26° +1.16 1.068 0.317
Permethrin + Tamoxifen 15.98° +1.51 14.40° +1.06 1.761 0.122
Cypermethrin + Tamoxifen 13.56°  +0.38 11.30%  +1.59 3.088 0.032*
Tamoxifen 10.32° +1.50 11.10° +2.14 0.645 0.539
ANOVA 18.718 4.650
P 0.000*** 0.007**

Significant * (P<0.05), High significant ** (P<0.01), and Very high significant *** (P<0.001)
ANOVA: Analysis of variance, and SD” Standard deviation
Significant differences between groups calculated by ANOVA and follow up test (LSD)
Means in the same columns assigned with the same letter show insignificant differences between these values.

Table (3): Absolute differential counts in male Wistar rats chronically treated with
pyretheroids for 30 and 60 days and after modulation with tamoxifen.

Period

Parameter Independent Samples

Groups After 30 days After 60 days Test
Sig. (2-
Mean +SD Mean +SD T tailed)

LYMPHOCYTE COUNT Control 10.25% +0.50 8.65% +0.49

(10%/mm?) Permethrin 8.62% +124 781 063 1003 0373
Cypermethrin 7.85° +1.82 6.61% +1.07 1.014 0.368
Permethrin + Tamoxifen 10.90¢ +1.25 951° +0.75 1757 0.190
Cypermethrin + Tamoxifen ~ 8.52%° #0.16 ~ 7.45% +1.42 1289  0.267
Tamoxifen 6.03¢ +1.22  8.02%® +1.94 1505 0.207
ANOVA 6.62 2.28
P 0.004** 0.112

MONOCYTE COUNT

(10*/mm?®) Control 1.24% 4017 0.87* +0.07
Permethrin 0.34°  +0.09 0.83* +0.02 9.241  0.001**
Cypermethrin 0.38" 016 059° +0.13 1720 0.161
Permethrin + Tamoxifen 0.99% +0.10 0.65™ +0.16 3.263 0.031*
Cypermethrin + Tamoxifen 1.18% +0.32  0.64™ +0.12 2722 0.053
Tamoxifen 0.63° +0.09 053" +0.14 1127 0.323
ANOVA 15.56 4.08
P 0.000*** 0.02*

GRANULOCYTE Control 455% 050 267% +0.36

COUNT (10%/mm?) Permethrin 254° 053 372% +026 3432 0.026*
Cypermethrin 257°  +0.17 3.13%* +052 1.777 0.150
Permethrin + Tamoxifen 4.77°¢ +0.43 4.35° +1.01 0.667 0.541
Cypermethrin + Tamoxifen 3.84°¢ 029 3.24% +055 1644 0.176
Tamoxifen 3549  +0.67 351® +0.68 0.042 0.968
ANOVA 12.84 2.61
P 0.000*** 0.08

Significant * (P<0.05), High significant ** (P<0.01), and Very high significant *** (P<0.001)
ANOVA: Analysis of variance, and SD” Standard deviation



128 Proc. 7" Int. Con. Biol. Sci. (Zool.), 116 — 131 (2012)

Significant differences between groups calculated by ANOVA and follow up test (LSD)

Means in the same columns assigned with the same letter show insignificant differences between these values.

Table (4): Lymphoproliferative response to mitogen expressed as stimulation index (SlI) in
rats chronically treated with pyrethroids for 30 and 60 days and after modulation with
tamoxifen.

S. INDEX
Independent Samples

Groups After 30 days After 60 days Test

Mean +SD Mean +SD T Sig. (2-tailed)
Control 12.81% +1.04 13.38 & +2.41
Permethrin 232 +0.38 431 ° +0.26 9.659  0.000%**
Cypermethrin 462° +0.78 2.96 ¢ +0.10 4.722  0.008**
Permethrin + Tamoxifen 1.84°  +0.07 1.07 ¢ +0.07 18.036  0.000***
Cypermethrin + Tamoxifen 3.11° +0.31 1.32 ¢ +0.03 12.870 0.000***
Tamoxifen 2.88 %  +0.06 2.27 % +0.38 3.526  0.022*
ANOVA 263.167 107.178
P 0.000*** 0.000***

Significant * (P<0.05), High significant ** (P<0.01), and Very high significant *** (P<0.001)

ANOVA: Analysis of variance, and SD” Standard deviation

Significant differences between groups calculated by ANOVA and follow up test (LSD)

Means in the same columns assigned with the same letter show insignificant differences between these values.

Table (5): Phagocytic index in male Wistar rats chronically treated with pyrethroids for 30
and 60 days and after modulation with tamoxifen.

PHAGOCYTIC INDEX %

Independent Samples

Groups After 30 days After 60 days Test

Mean +SD Mean +SD T Sig. (2-tailed)
Control 56.40° +2.61 39.20° +5.12
Permethrin 24.00°  +1.00 13.80°  +0.84 17.493  0.000***
Cypermethrin 20.40° +1.14 8.60°° +1.52 13.906  0.000***
Permethrin + Tamoxifen 10.20%  +1.79 18.40°  +1.14 8.644  0.000%**
Cypermethrin + Tamoxifen 10.60°  +1.14 11.40°°  +1.34 1.016  0.339
Tamoxifen 8.20°  +1.79 8.20° +1.30 0.000 1.000
ANOVA 588.840 120.607
P 0.000%** 0.000%**

Significant * (P<0.05), High significant ** (P<0.01), and Very high significant *** (P<0.001)

ANOVA: Analysis of variance, and SD” Standard deviation

Significant differences between groups calculated by ANOVA and follow up test (LSD)

Means in the same columns assigned with the same letter show insignificant differences between these values.
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Table (6): Level of immunoglobulin G (IgG) in male Wistar rats chronically treated with
pyrethroids for 30 and 60 days and after modulation with tamoxifen.

IlgG CONCENTRATION (mg/L)

Independent Samples

Groups After 30 days After 60 days Test

Mean +SD Mean +SD T Sig. (2-tailed)
Control 2720.00% +169.71 2720.00° +169.71
Permethrin 2164.00° +131.45 1678.00° #120.50 6.094 0.000%**
Cypermethrin 2032.00° #225.10 2164.00° +131.45 1.132 0.290
Permethrin + Tamoxifen 3876.00° +142.41 3616.00° +142.41 2.887 0.020*
Cypermethrin + Tamoxifen 3980.00° +183.85 3720.00° +260.00 1.826 0.105
Tamoxifen 3512.00° +116.28 3616.00° +142.41 1.265 0.242
ANOVA 134.742 133.785
P 0.000*** 0.000***

Significant * (P<0.05), High significant ** (P<0.01), and Very high significant *** (P<0.001)

ANOVA: Analysis of variance, and SD” Standard deviation

Significant differences between groups calculated by ANOVA and follow up test (LSD)

Means in the same columns assigned with the same letter show insignificant differences between these values.

Table (7): Catalase activity in male Wistar rats chronically treated with pyrethroids for 30
and 60 days and after modulation with tamoxifen.

CATALASE ACTIVITY (10 U/ mg protein / Sec.
Independent Samples

Groups After 30 days After 60 days Test

Mean +SD Mean +SD T Sig. (2-tailed)
Control 16.87%  +2.82 17.22%  +2.96
Permithrin 12.76°  +1.88 13.37°  +2.23 0.362 0.736
Cypermethrin 578°  +0.85 467° +0.81 1.639 0.177
Permithrin + Tamoxifen 10.35°  +1.40 9.87¢  +1.03 0.475 0.660
Cypermithrin + Tamoxifin 547°  +0.49 552 °  +0.77 0.095 0.929
Tamoxifin 7.08° #1.01 581° +0.43 2.012 0.115
ANOVA 23.637 28.202
P 0.000%** 0.000***

Significant * (P<0.05), High significant ** (P<0.01), and Very high significant *** (P<0.001)

ANOVA: Analysis of variance, and SD” Standard deviation

Significant differences between groups calculated by ANOVA and follow up test (LSD)

Means in the same columns assigned with the same letter show insignificant differences between these values.
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Table (8A): Contact hypersensitivity response measured as relative ear thickness (RET) in
male Wistar rats chronically treated with permethrin for 30 and 60 days and after
modulation with tamoxifen.

Relative Ear Thickness %

After 00 day After 30 days After 60 days

Groups Mean + SD Mean +SD Mean =+ SD
Control 9.22% +0.89 10.68* +0.62 14.37%* +1.81
Permethrin 57.16° +2.87 36.06° +1.43 36.85° +4.15
Permethrin + Tamoxifen 60.77° +1.58  40.60° +1.87 39.84°  +3.09
Tamoxifen 2236° +1.89 14.85° +4.06 19.91% +2.38
ANOVA 518.86 147.18 52.49

P 0.000%** 0.000%** 0.000%**

Significant * (P<0.05), High significant ** (P<0.01), and Very high significant *** (P<0.001)

ANOVA: Analysis of variance, and SD” Standard deviation

Significant differences between groups calculated by ANOVA and follow up test (LSD)

Means in the same columns assigned with the same letter show insignificant differences between these values.

Table (8B): Contact hypersensitivity response measured as relative ear thickness (RET) in
male Wistar rats chronically treated with cypermethrin for 30 and 60 days and after
modulation with tamoxifen.

Relative Ear Thickness %
After 00 day After 30 days After 60 days

Groups Mean +SD Mean +SD Mean +SD
Control 8.94% +135 8.70°% +223 11.62% +1.79
Cypermethrin 64.77° +2.35 43.42°7 1276 48.06" =+4.58
Cypermethrin + Tamoxifen 61.65° +255 2276° +578 38.73° +4.08
Tamoxifen 22.36° +1.89 14.85% +406 19.91% +2.38
ANOVA 542.36 51.48 87.81

P 0.000*** 0.000*** 0.000***

Significant * (P<0.05), High significant ** (P<0.01), and Very high significant *** (P<0.001)
ANOVA: Analysis of variance, and SD” Standard deviation
Significant differences between groups calculated by ANOVA and follow up test (LSD)

Means in the same columns assigned with the same letter show insignificant differences between these values.



131
I. A. El Elaimy., Immune -Toxicity of Synthetic Pyrethroids: Modulation of Cypermethrin and Permethrin Toxicity

o) padlall

O e sl aandill daa (aat JalaS (b galdl) ;4RI by g i g jmally o Lial) aandll
e el g

(’)?:\A\‘)..\\GJQc(V)eSLmLBJLLH(\)QA}:\QG}@:\QWA\)G‘\:\H\&M}\
sws@ﬁd\:\u\;ce}ﬂ\:@ﬁco\)ﬁﬂ\e&sg(\)
MM\W\Ac‘\;ﬁ;ﬁ\\:ﬁ;}l)ﬂ\}gﬁ\)}ﬂmm@\u&\J@Ju(\‘)

a8 e 2 g e ¢ Gl (e el o) )l Jlae (858 S 8 s laddia G p-Te gl 5 (e )
Jlad) A e 2 5 L e liall Jlgall Conay oyl 038 (ha b pira Gille jal a yadll y | cla el 02 o] sy
Lol 13 ¢l (5 5iana o g AT bl 50 A pa A00aS 5 A elio il Jae ai 285 Gl 3a¥) (e 22l
il Sl a8 JalaS (i galdll g0 gl ad jall o2 5 lapall a3 dpa s il saa pa Bl 5G5S
sl 1o 5V B el dia 3a 8 ) smaay (e snsall 5 0 eyl bl () )8 Joalad g il 02 (8 il s 5 sl
A ) A ol L a5 ad S alill oy il L 13K 5 0 e sl g 0 e gl (e ST il AL Al o iy
Ot =tva ) e S-S0 0y aiall LBl 1 SYLS milsill a5 Sy g (i salill aa iy g 55yl (e JS g g0 3l il
Ot galil) ae oy 5 5 5 ) e JSU 50 3all ) ool Lty 7 Sl assad) 308 55 i ) gl 28 (0 S el
Ay ghaall LAl i joiatl) Joalea (anid (Adabeiall LySAl & penlill 5 a8l Jay 55 oz aloaall amusa) 5 5550l 5 )
Balaall Balall ae cpapsall (e (sl 7 5h 35 aie B e cl 5l sgdh ane g B WSBU Sl cadl) YLK o 53) Bl ads
Lo ) e ol 33 ydie iy g 5 s ) Lgaeasd i) asend) Ay il Ly ) i) o of LSl jLia¥l oda e gl il
Bl ) (oo (i 5alill 350 B pmilill o pgdal 28 5 elzanll ()13 a8 AV Sl (8 A e i oS i) ae
s AN | i34 Sl | ayhlae lcla g pdepallen il 5 Aa




