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ABSTRACT This study analyzed the histopathological and histochemical effects of different
dosages of permethrin on liver and spleen cells of mice, in order to evaluate the toxic potential of
this substance and the possible impairments that this chemical causes in different tissues of non-
target organisms (laboratorial conditions). The results showed that permethrin caused severe
alterations in the liver cells, reducing the size of the nuclei and causing hydropic degeneration of
the hepatocytes, in addition to stimulating the proliferation of Kupffer cells, altered the amount of
proteins, polysaccharides, lipids, and vacuoles in the cytoplasm of the hepatocytes and congested
the hepatic capillaries. As for the spleen of the treated mice, no alterations were observed in the
morphology in relation to the control group, what would suggest that the spleen would continue
performing its functions, without suffering morphological alterations even in the presence of the
toxic agent. Microsc. Res. Tech. 75:229–238, 2012. VVC 2011 Wiley Periodicals, Inc.

INTRODUCTION

Pesticides represent an important group of environ-
mental pollutants to which man is daily exposed,
mainly as consequence of their wide use in agriculture,
and also in lots of chemical products, such as insect
repellents and acaricides (Pastor et al., 2001). Of
special concern with these chemicals are their undesir-
able health effects in humans. Among these are the
cytotoxic and genotoxic effects, including cancer and
several other genetic diseases (IARC, 1991).

The pyrethroid permethrin is widely used in the
control of ticks, especially the dog tick Rhipicephalus
sanguineus (Mencke et al., 2003). Little is known about
its metabolism in vertebrate animals. Some studies
report that this chemical product would affect the
development of the brain of newborn mice (Imamura
et al., 2002) and would alter the synthesis of testoster-
one (Zhang et al., 2007), in addition to causing other
symptoms such as neuritis, psychiatric manifestations,
hepatorenal dysfunction, and neurological, immune,
metabolic, and endocrine problems (Amr, 1999; Au
et al., 1999; Kishi et al., 1995; López et al., 1998). In
this sense, it can be suggested that permethrin could
also be potentially carcinogenic for humans, although
some studies have reported that this product would be
quickly distributed throughout the body, mainly in the
adipose tissue, liver, kidneys, and brain, not presenting
potential for bioaccumulation in other tissues (Choi
et al., 2002).

Different methodologies have been developed to eval-
uate the cytotoxicity and genotoxicity of the chemical
agents such as pesticides, which would cause altera-
tions in the organisms when introduced in the environ-
ment. Thus, to evaluate the toxicity of chemicals and

try to reproduce accurately what would happen in
humans have been conducted in vivo test systems
(Kuroda et al., 1992) as the coepidemic, focusing on
human populations and the experimental data, mainly
using rodent (Camargo et al., 1994; Huff et al., 1991).
Researches that evaluate the cytotoxic potential of
chemical agents on the cells of the liver and spleen of
rodents have become fundamental, once these organs
are vital for the metabolism of the individual as a
whole, playing a role in the metabolism, detoxification
and inactivation of toxic substances that are absorbed
by the organism (liver), as well as in the defense
against antigens introduced in the blood (spleen). In
addition, these organs could suffer lesions when over-
loaded by these substances (Ross and Pawlina, 2008;
Sreelatha et al., 2009).

On the basis of these data, this study analyzed the
morpho-histochemical effects of different dosages of
permethrin on the liver and spleen cells of mice (labo-
ratorial conditions), in order to evaluate the cytotoxical
effect of this substance and the possible impairments
that this chemical agent could cause on different
tissues of nontarget organisms.
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MATERIALS ANDMETHODS
Animals

Twenty female Swiss mice (Mus musculus) were
used. The mice were five to six weeks old, healthy, and
had similar weights (20 g6 20%).

Animals were obtained from the animal resource cen-
ter of CEMIB/UNICAMP, Campinas, SP, Brazil, and
maintained under controlled conditions (22 6 28C, 50%
humidity, 12 h of photoperiod) in the laboratory for
seven days to allow acclimation prior to experiments.

Mice were individually identified, and each group
was housed in polypropylene cages with filtered water
and commercial food ad libitum.

Experiments were conducted at the Laboratory of
Histology from Department of Biology of the Bioscien-
ces Institute, UNESP, Rio Claro, SP, Brazil.

This study was subjected and approved by Research
Ethics Committee and Scientific Merit - UNIARARAS,
Protocol n8 011/2009.

Permethrin

Permethrin (3-phenoxybenzyl (1RS, 3RS, 1RS, 3SR)-
3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropanecarboxy-
late) used in this study was purchased from Fersol
Indústria e Comércio S/A (Mairinque, SP, Brazil)—
38,4% purity.

Permethrin dosages used were based on LD50 of
320 mg/kg, determined in a preliminary study
conducted at the Department of Biology, UNESP, Rio
Claro, SP, Brazil by Roma et al. (2010, personal com-
munication). Final doses of permethrin administered
in the experiments were obtained by dilution to 30% of
LD50 (96 mg/kg), 50% of LD50 (160 mg/kg), and 80% of
LD50 (256 mg/kg). Control animals were exposed only
to distilled water.

All doses of permethrin tested were diluted in dis-
tilled water and prepared and stored in labeled con-
tainers for immediate use.

Experimental Design

Mice were divided into four groups: group I 5 con-
trol; group II 5 30% of LD50 (96 mg/kg); group III 5
50% of the LD50 (160 mg/kg) and group IV5 80% of the
LD50 (256 mg/kg). Five females Swiss mice were used
for each treatment.

Animals received 0.2 mL of permethrin dose deter-
mined for each treatment. The control group received
0.2 mL of distilled water.

The intraperitoneal route was used for all animals to
maximize chemical exposure. The mice were sacrificed
by cervical dislocation after seven days an acute expo-
sure to permethrin.

This work is an experimental design and that doses
used can not be related to what is seen on hosts (dogs)
treated with permethrin based products.

Methods

Histology and histochemistry. All mice were dis-
sected on wax pads with the aid of scissors and dissec-
tion tweezers.

The livers (central and peripheral regions) and
spleens were removed, cut into pieces 4–5 mm, fixed
for 24 h in 4% paraformaldehyde and 0.9% NaCl in
10% phosphate buffer (0.1 M - pH 7.5) (for routine

histology and proteins detection), Bouin’s solution
(for polysaccharides detection) and calcium formol (for
lipids detection). The material was dehydrated in an
alcoholic series (70, 80, 90, and 95%) at 1-h intervals.
Infiltration was made with Leica resin and the mate-
rial embedded in plastic molds at 48C to delay prepoly-
merization. The molds with material were filled
and covered with Leica resin and the polymerization
completed at room temperature (about 378C).

Sections with 3 lm thickness were mounted on glass
slides. After they were air dried before staining with
hematoxylin and eosin (Junqueira and Junqueira,
1983), bromophenol blue (protein) (Pearse, 1985), PAS
(polysaccharides) (Junqueira and Junqueira, 1983) and
Baker (lipids) (Baker, 1946) and examined and photo-
graphed in a Motic BA 300 photomicroscope.

RESULTS

In these experiments all mice females were used in
each treatment, thus these results represent a morpho-
logical and histochemical pattern among the five indi-
viduals, since no significant variations were observed
among individuals of each treatment.

Liver Histology

Group I (control). The morphology of vertebrate
liver is widely described in the literature. In this study,
the morphological results obtained for individuals from
the control group were the same as the ones obtained
by these authors. In general, both the central and
peripheral regions of the mice’s livers presented polyg-
onal hepatocytes which were organized forming
extended anastomosed plates (Figs. 1A and 1B). The
cytoplasm of these cells presents a great amount of
basic components (acidophilous). The hepatocytes
present 1 or 2 big nuclei, central and round-shaped,
in which it is possible to observe 1 or more nucleoli
(Figs. 1A and 1B).

The hepatocyte plates and the hepatic capillary walls
(sinusoids) limit the Disse space. The hepatic capillary
wall is covered by Kupffer cells (Figs. 1A and 1B),
observed through light microscopy, mainly by its
strongly stained elongated nuclei. The abundance of
blood vessels is very evident (Figs. 1A and 1B).

Group II (treated with 96 mg/kg of permethrin).
The livers (central and peripheral regions) of the indi-
viduals exposed to this concentration of permethrin
present the most significant histological alterations in
relation to the other treatment groups.

The hepatocytes plates are disorganized and the lim-
its of these cells are of difficult visualization (Figs. 1C
and 1D). In the cytoplasm of the hepatocytes many
vacuoles are observed, as well as lower acidophily
(Figs. 1C and 1D). The nuclei of these cells appear
smaller and less stained in comparison to the control
group, and some of them are pyknotic and partially
degraded (Figs. 1C and 1D). In some hepatocytes it is
possible to observe lipid droplets (Figs. 1C and 1D).
Kupffer cells start to present much more pyknotic
nuclei than those of individuals from the control group
(Figs. 1C and 1D).

Group III (treated with 160 mg/kg of perme-
thrin). The central and peripheral regions of the livers
of individuals exposed to this concentration present
clear cellular disorganization, with great histological
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Fig. 1. Histological sections of the livers of permethrin-treated
mice. (A–H) Hematoxylin and eosin staining and (I–P) bromophe-
nol blue staining to proteins detection. (A, I) Central and (B, J)
peripheral region of the livers of the control group. (C, K) Central
and (D, L) peripheral region of the livers of the group treated
with 96 mg/kg of permethrin. (E, M) Central and (F, N) peripheral
region of the livers of the group treated with 160 mg/kg of perme-

thrin. (G, O) Central and (H, P) peripheral region of the livers of
the group treated with 256 mg/kg of permethrin. C, hepatic capil-
laries; cv, hepatic central vein; h, hepatocytes; Kc, Kupffer cells; n,
hepatocytes nucleus; v, vacuoles; arrow, lipids droplets; double
arrow, pyknotic or partially degraded nucleus. [Color figure can be
viewed in the online issue, which is available at wileyonlinelibrary.
com.]
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alterations, however less intense than the ones found
in the previous treatment group. The hepatocytes are
swollen and present many vacuoles that occupy practi-
cally all the cytoplasm of these cells (Figs. 1E and 1F).
The presence of hepatocytes with smaller, pyknotic and
partially degraded nuclei is clear (Figs. 1E and 1F).
Kupffer cells are more numerous in this stage, which is
observed by the increase in the amount of flat and
strongly stained nuclei between the hepatic plates
(Figs. 1E and 1F). The lumen of the hepatic capillaries
is stronger in relation to what was observed in the con-
trol group (Figs. 1E and 1F).

For this concentration of permethrin, the peripheral
regions of the livers show more evident hepatic altera-
tions in relation to the central (Figs. 1E and 1F).

Group IV (treated with 256 mg/kg of perme-
thrin). The individuals exposed to this concentration
show severe histological alterations (disorganization of
the tissue) in the central and peripheral regions of the
livers.

The shape of the hepatocytes turns from polygonal to
round due to swell and extended cytoplasmic vacuola-
tion (Figs. 1G and 1H). Lipid droplets are frequently
observed in the cytoplasm of the hepatocytes (Figs. 1G
and 1H). Like in previous concentrations, the nuclei of
the hepatocytes are smaller in relation to control
group, and many of them are partially degraded and
pyknotic (Figs. 1G and 1H). In this concentration of
permethrin, an increase in the frequence of Kupffer
cells can be observed (Figs. 1G and 1H). The lumen of
the hepatic capillaries is stronger in relation to control
group (Figs. 1G and 1H).

As it was observed in the previous group, the periph-
eral regions of the livers show more pronounced histo-
logical alterations in relation to the central regions
(Figs. 1G and 1H).

Liver Histochemistry

Proteins detection. The histochemical test for the
detection of proteins reveals a great amount of these
elements both in central and peripheral regions of the
livers of individuals from the control group, which is
demonstrated by the strong positive reaction of the
cytoplasm, both in the hepatocytes and in other cells of
the hepatic parenchyma (Figs. 1I and 1J). The nuclei of
the hepatocytes and Kupffer cells react strongly to the
test (Figs. 1I and 1J). The lumen of the hepatic capilla-
ries located among the hepatocyte plates is also posi-
tive to the test due to the great amount of erythrocytes
in their interior.

The central and peripheral regions of the livers of
mice treated with 96 mg/kg of permethrin present the
same characteristics observed in the control group;
however, for this concentration the beginning of cyto-
plasmic vacuolation can be observed (Figs. 1K and 1L).

The central and peripheral hepatic cells of the indi-
viduals treated with 160 mg/kg of permethrin are less
marked for proteins when compared to those from con-
trol group, once both the hepatocyte and other cells
present big vacuolated areas and, therefore, are nega-
tive to the test (Figs. 1M and 1N).

The livers (central and peripheral regions) of the
individuals treated with 256 mg/kg of permethrin still
present strong marking for proteins; however, there is

an increase in the vacuolated regions that react nega-
tively to the test (Figs. 1O and 1P).

Histochemical differences are not observed for pro-
teins between central and peripheral regions of the liv-
ers of individuals from all treatment groups (Figs. 1I
and 1P).

Polysaccharides detection. This histochemical
test reveals that the livers (central and peripheral
regions) of the individuals from the control group pres-
ent hepatocytes with polysaccharides of strongly posi-
tive rough granulation distributed all over the cyto-
plasm (Figs. 2A and 2B).

The nuclei of the hepatocytes and of Kupffer cells are
not observed, once this technique is not specific for the
demonstration of the nucleus. The lumens of hepatic
capillaries do not react to the test (Fig. 2B).

The central and peripheral regions of the livers of
individuals treated with 96 mg/kg of permethrin still
present strong positivity for polysaccharides, however,
due to emerging vacuolated regions (negative to the
test) a reduction in the amount of these elements in
relation to group control can be observed (Figs. 2C and
2D). For this concentration, the peripheral regions of
the livers present fewer polysaccharide elements in
relation to the central region (Figs. 2C and 2D).

The hepatocytes of the individuals treated with 160
mg/kg of permethrin show few polysaccharide granules
in relation to the previous groups, due to the increase
of cytoplasmic vacuolation (PAS-negative) in these cells
(Figs. 2E and 2F). As for the individuals treated with
256 mg/kg of permethrin, the amount of polysaccha-
rides is even smaller, once extended negative vacuoles
occupy almost all the cytoplasm of the hepatocytes
(Figs. 2G and 2H). Few strongly positive granules are
found in the hepatic cells (Figs. 2G and 2H).

In the groups treated with 160 and 256 mg/kg of per-
methrin the peripheral region of the livers is less
marked for polysaccharides in relation to the central
region of this organ (Figs. 2E and 2H). In addition, the
hepatic tissues of all the individuals treated with per-
methrin present fine cytoplasmic vacuolation of bluish
coloration, which is more evident in the peripheral
regions of the organ (Figs. 2D and 2H).

Lipids detection. The livers (central and peripheral
regions) of the individuals of the control group present
a great amount of lipid elements, which is demon-
strated by the strong positive reaction of the hepato-
cyte cytoplasm, as well as of the other cells of the he-
patic parenchyma (Figs. 2I and 2J). The nuclei of all
the cells, including the ones of the hepatocytes and
Kupffer cells are stained due to the utilization of hema-
tein, solution obtained through the oxidation of hema-
toxylin (Figs. 2I and 2J).

The hepatocytes of the central and peripheral
regions of individuals treated with 96 mg/kg of perme-
thrin show cytoplasmic areas negative to the test due
to the presence of vacuoles (Figs. 2K and 2L). However,
most part of the parenchyma of the livers is positive to
the test, as well as the lumen of the hepatic capillaries
(Figs. 2K and 2L).

The central and peripheral regions of the livers of
mice treated with 160 and 256 mg/kg of permethrin
present less lipid elements in relation to the control
and previous treatment group, due to the presence
of extended vacuolated regions (negative) in the
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Fig. 2. Histological sections of the livers of permethrin-treated
mice. (A–H) PAS staining to polysaccharides detection and (I–P)
Baker staining to lipids detection. (A, I) Central and (B, J) peripheral
region of the livers of the control group. (C, K) Central and (D, L)
peripheral region of the livers of the group treated with 96 mg/kg of
permethrin. (E, M) Central and (F, N) peripheral region of the livers

of the group treated with 160 mg/kg of permethrin. (G, O) Central
and (H, P) peripheral region of the livers of the group treated with
256 mg/kg of permethrin. C, hepatic capillaries; h, hepatocytes; Kc,
Kupffer cells; n, hepatocytes nucleus; v, vacuoles. [Color figure can be
viewed in the online issue, which is available at wileyonlinelibrary.
com.]
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cytoplasm of the hepatocytes (Figs. 2M–2P). The
lumens of the hepatic capillaries react strongly to the
test (Fig. 2N).

In all the treatment groups no histochemical differ-
ence for lipids between the central and peripheral
regions of the livers is observed (Figs. 2I–2P).

Spleen Histology

Group I (control). The histological results here
obtained corroborate the ones available in literature
which show that the spleens (individuals from control
group) present lymphatic cords and nodules which
form the white pulp, in which lymphocytes T and B
predominate. These are permeating a reddish matrix
called red pulp (Fig. 3A), formed by splenic cords which
are separated by sinusoids. In these regions, macro-
fages, lymphocytes B and T, plasmocytes, monocytes,
leukocytes, granulocytes, erythrocytes, and platelets
are found among other cells.

Groups II, III, and IV (treated with 96, 160 e 256
mg/kg of permethrin, respectively). The same mor-
phological characteristics found in the control group
are found in the spleens of the individuals treated with
permethrin (Figs. 3B–3D), not being observed, there-
fore, alterations caused by the chemical product.

Spleen Histochemistry

Group I (control). The individuals from the control
group show the spleen’s white pulp positive for pro-
teins, while the red pulp has greater positivity, mainly
due to the presence of a great amount of erythrocytes
(Fig. 3E). The polysaccharides test reveals that the
spleen presents small quantity of these elements,
being, therefore, weakly positive to the test (Fig. 3I).
Only some regions around the white pulp show moder-
ate positivity (Fig. 3I).

The individuals from the control group which were
subjected to the lipid detection test show that the
spleen’s white pulp does not react—or react weakly—to
the test, revealing small amount of lipid elements on
this region, once the red pulp is constituted by strong
positive granulation (Fig. 3M).

Groups II, III, and IV (treated with 96, 160 e 256
mg/kg of permethrin, respectively). As observed in
the histological analysis, the spleens of the individuals
treated with permethrin do not show histochemical
alterations when compared to control group (Figs. 3F–
3H, 3J–3L, 3N–3P).

DISCUSSION

Pyrethroids were previously considered harmless for
mammals, as well as for human health. However,
recent studies have revealed possible genotoxic and
carcinogenic action of these compounds in a wide vari-
ety of organisms (Surrallés et al., 1995).

Permethrin is one of the different pyrethroids which
are currently commercialized in the form of active
ingredients of agricultural products, insecticides and
acaricides. Little is known about its effects on verte-
brates; however, according to Larini (1999), experi-
ments using rats have showed that this pyrethroid
would cause neurological alterations, probably
peripheral, which would trigger aggressiveness, trem-
ors, convulsive spasms, discoordinated movements,
and prostration. However, very little has been reported

about the morphophysiological effects of the perme-
thrin on different organs of vertebrate in general.
Thus, this study aimed to carry out a histopathological
and histochemical analysis of the livers and spleens of
mice exposed to different dosages of permethrin in
order to evaluate the cytotoxic potential and the possi-
ble impairments that this chemical product causes in
nontarget organisms (laboratorial conditions) such as,
for example, in hosts of ticks that are treated with
acaricides. This kind of study has been proved to be a
useful tool in the detection of the toxic effects of natural
and synthetic chemical compounds on vital organs of
vertebrates (Teh et al., 1997).

The liver is an organ which captures, transforms and
accumulates metabolites, neutralizing, and eliminat-
ing countless toxic substances which are present in the
blood (Braunbeck, 1998; Gonzalez et al., 1993). The he-
patocytes (basic structural units of the liver) can be
considered the first target of toxicity of a substance,
putting the liver in the category of an important organ
for toxicological studies (Braunbeck, 1998; Zelikoff,
1998).

On the basis of these data, this study showed that
permethrin would be one of the synthetic chemical
agents with the potential to cause damage in the liver
cells of mice exposed to this toxic, reducing the size of
their nuclei and causing hydropic degeneration of the
hepatocytes, in addition to stimulating the prolifera-
tion of Kupffer cells, alter the amount of proteins, poly-
saccharides, lipids, and vacuoles in the cytoplasm of
the hepatocytes and congest the hepatic capillaries.

The livers (central and peripheral regions) of mice
from control group presented the same morphological
characteristics widely described in the literature of
mammals in general (Carvalho and Colares-Buzato,
2005; Junqueira and Carneiro, 2008; Ross and Paw-
lina, 2008), i.e., with polygonal hepatocytes disposed in
extended anastomosed plates, separated by hepatic
capillaries (sinusoids) via Disse space.

The hepatocytes plates in the hepatic tissue of indi-
viduals treated with 96 mg/kg of permethrin showed
clear disorganization, considering that it was possible
to observe vacuoles in the cytoplasm of these cells, data
that would suggest that the hepatocytes would be
developing defense mechanisms in an attempt to inac-
tivate or even eliminate the toxic compound from the
system, conditioning it in small compartments, which
would later go through degradation processes. In the
same way, already damaged cell structures could be
suffering recycling and/or degradation processes
helping in the maintenance of the cellular integrity.
Similar data were found by Ferreira (1992) and Flores-
Lopes and Malabarba (2007) in studies with fish
exposed to petrochemical effluents. In addition to this,
lipid droplets were also observed in the cytoplasm of
the hepatocytes, which would confirm the occurrence of
damage caused by this chemical product even in small
dosages.

For this same concentration of permethrin (96 mg/
kg), it was also observed that the hepatocytes had
smaller nuclei in relation to control group, which prob-
ably would be due to the vacuolation of the cytoplasm
of these cells, process that, according to Hibiya (1982),
would force the nucleus to dislocate to the cell periph-
ery. According to this same author, this situation would
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frequently be followed by nuclear atrophy, corroborat-
ing data here obtained, once many nuclei were
pyknotic and/or partially degraded.

The livers of individuals treated with 160 mg/kg of
permethrin also presented hepatic disorganization
with great alterations in relation to the control group.

Fig. 3. Histological sections of the spleens of permethrin-treated
mice. (A–D) Hematoxylin and eosin staining, (E–H) bromophenol
blue staining to proteins detection, (I–L) PAS staining to polysaccha-
rides detection and (M–P) Baker staining to lipids detection. (A, E, I,
M) Spleen cells of the control group. (B, F, J, N) Spleen cells of the

group treated with 96 mg/kg of permethrin. (C, G, K, O) Spleen cells
of the group treated with 160 mg/kg of permethrin. (D, H, L, P)
Spleen cells of the group treated with 256 mg/kg of permethrin. rp,
red pulp; wp, white pulp. [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]
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In this dosage, the hepatocytes were swollen and
vacuolated. According to Dyk et al. (2007) this would
be the result of the hydropic degeneration, morphologi-
cal alteration frequently found in individuals exposed
to toxic agents. Still, according to Rhodes et al. (1987)
and Teh et al. (1997), this cellular hypertrophy (grad-
ual increase in the cytoplasmic area of the hepatocytes)
would occur due to the increase of the smooth endo-
plasmic reticulum, event caused when a metabolic
overload would be imposed to the cell, in the attempt to
inactivate the toxic agent, what would probably be
occurring here. However, additional electronic micros-
copy studies need to be carried out to confirm these
data.

For this same dosage (160 mg/kg) hepatocytes with
smaller, pyknotic, and partially degraded nuclei in
relation to control group were also observed, which
confirms once more that permethrin would be able to
affect the integrity of the genetic material of these
cells, preventing it from performing their activities.
These data corroborate findings by Ram and Singh
(1998) and by Gül et al. (2004), in fish exposed to carbo-
furan pesticide and polluted waters, respectively.

It can still be observed that in the livers of individu-
als exposed to 160 mg/kg of permethrin that the
Kupffer cells increased in amount in this stage, data
that corroborate Sreelatha et al. (2009) in studies on
the liver of rats subjected to carbon tetrachloride. In
this study, these results would be expected, once these
cells are part of the monocyte-macrophage defense sys-
tem. On the basis of data here obtained it can be sug-
gested that higher dosages of permethrin would trigger
processes of macrophage hyperplasia, which would
increase the phagocytic efficiency of the organ in an
attempt to eliminate toxic compounds, as well as cell
remains both from the organ and from the system.

In individuals treated with 256 mg/kg of permethrin,
the liver showed severe changes in comparison to the
previous group (160 mg/kg), but less intense in relation
to the group treated with 96 mg/kg permethrin, such
as: intensification of cellular hypertrophy and cytoplas-
mic vacuolation, as well as increase in the amount of
pyknotic and/or degraded nuclei and Kupffer cells,
indicating that the morphophysiological alterations
observed in the hepatic tissue would be proportionally
more significant as the dosage of permethrin increased.
In addition, the intense cytoplasmic vacuolation in the
hepatocytes in relation to the other treatment groups
would suggest the occurrence of recycling processes
and/or cellular degeneration (Roy and Bhattacharya,
2006) as the dosage of the toxic agent increased. This
would probably occur to eliminate damaged cell
remains more efficiently and still allow the components
which were still useful to the cell to be reused. How-
ever, as in this dosage of permethrin (256 mg/kg) the
presence of vacuoles in the hepatocytes was noticeable,
it can still be suggested that these cells could be in full
autophagic activity.

In addition to the alterations described above, the
livers of the individuals exposed to 256 mg/kg of perme-
thrin frequently presented lipid droplets in the hepato-
cytes cytoplasm, corroborating data from Carvalho and
Colares-Buzato (2005), who described that the pres-
ence of vacuoles with empty and round aspect in the
hepatocytes would indicate sites which were previously

occupied by lipids. The presence of lipid in the hepatic
cells, in turn, would characterize the installation of ste-
atosis processes (accumulation of lipids due to altera-
tions in the intrahepatic metabolism of these ele-
ments); however, in this study the amount of these
structures was not enough to confirm the occurrence of
this process.

In the liver of mice treated with 160 and 256 mg/kg
of permethrin an increase in the diameter of the he-
patic capillaries in relation to other treatment groups
was observed. These data would characterize conges-
tion processes in the blood vessels, in which a greater
amount of defense cells would be trying to get to the
liver to perform the phagocytosis of the foreign sub-
stance that was introduced in the system, in this case,
the permethrin. According to Booth and McDonald
(1992), the main cells related to this process would be
neutrophiles, monocytes and lymphocytes.

The peripheral regions of the liver of individuals
exposed to higher concentrations of permethrin (160 e
256 mg/kg) showed more pronounced alterations in
relation to central regions. This could be explained by
the way the blood makes in the liver, from the periph-
ery to the center of the hepatic lobule, the origin of the
hepatic capillaries (lobule margins) and after would
suffer ramifications that would be extended among the
hepatocytes plates and converge to the lobular center
forming the hepatic central vein. Thus, the more
peripheral cells of the hepatic lobule would be the first
to receive the sinusoids nutrients and toxic substances,
being, therefore, the first to be affected.

Comparatively, alterations in the hepatic tissue of
the individuals treated with 96 mg/kg of permethrin
were more severe in relation to the other treatment
groups (160 e 256 mg/kg), once there was a reduction
in the amount of nuclei of the hepatocytes and Kupffer
cells. In addition, it was not possible to observe the cell
limits anymore. It is important to emphasize that
higher dosages of this acaricide provoked intense alter-
ations in the liver; however, even in the presence of the
chemical product it was possible to observe the limits
of the cells. This would probably occur due to the physi-
ology of the organ, which would naturally react pre-
venting the entrance of part of the chemical product in
the cells in higher dosages, which would not occur in
lower dosages, once the physiological system would not
be recognizing the product as toxic to the organism.

Concerning the histochemical analysis of the liver of
individuals from control group, this study showed
significant presence of proteins in form of rough granu-
lation and distributed all over the cytoplasm of the
hepatocytes, corroborating data by Junqueira and
Carneiro (2008) for the liver of mammals. According to
these authors, the hepatocytes, in addition to synthe-
sizing proteins for its own maintenance, it would also
produce plasmatic proteins for exportation, such as
albumine, prothrombin, fibrinogen e lipoproteins, what
would certainly be occurring in the individuals here
analyzed. However, a decrease in the protein content
was observed in mice treated with permethrin,
evidenced by the increase of vacuolated areas negative
to the test, suggesting that the synthesis processes
performed by the hepatic cell, both for structural
proteins and proteins for exportation would be
impaired, which would consequently impair not only
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the general metabolism of the liver, but also of the
whole individual.

This study also showed that the hepatocytes of the
individuals from the control group would have a lot of
polysaccharides distributed all over the cytoplasm, con-
firming the fact that the liver is the organ responsible
for intermediating the transformation of energy from
food in useful energy for the organism to supply the tis-
sues in general (Ross and Pawlina, 2008).

As it was observed with the proteins, the liver of
mice treated with permethrin showed significant
reduction of polysaccharides, corroborating findings by
Schwaiger et al. (1997) and Flores-Lopes and Mala-
barba (2007) for the livers of fish subjected to copper
and petrochemical effluents, respectively. This reduc-
tion in the levels of polysaccharides would certainly be
impairing the metabolic activities performed by the
hepatocytes, once if there was a fall in the levels of
glucose in the circulating blood (hypoglycemia), the
liver would be stimulated to break the glycogen by gly-
cogenolysis supplying glucose back to the organism
(Junqueira and Carneiro, 2008).

On the other hand, the polysaccharides could have
been used by the hepatocytes as a source of energy for
the metabolic processes of detoxification of chemical
substances, such as permethrin.

It was still possible to observe the presence of fine
bluish granulation all over the hepatocytes cytoplasm
in the liver of mice exposed to permethrin, suggesting
that enzymes would be forming complexes with poly-
saccharides in order to degrade the toxic substance
introduced in the system of these animals.

In all the individuals treated with permethrin the
peripheral regions of the liver were less marked for
polysaccharides in relation to the central region, con-
firming histological data that the cells of the hepatic
lobule periphery would be the first to have contact and
suffer the alterations imposed by permethrin.

The lipid was other element found in the liver of indi-
viduals from the control group. According to Carvalho
and Recco-Pimentel (2007), this organ would also have
central function in the metabolism of lipids and
lipoproteins, mainly in the capture, oxidation and/or
metabolic conversion of free fatty acids, synthesis of
cholesterol and phospholipids, as well as in the forma-
tion and secretion of specific classes of lipoproteins.
According to data obtained in this study, it is suggested
that all these functions related to the metabolism of
the lipids would be impaired in the individuals exposed
to permethrin, considering the reduction in the pres-
ence of these elements. Other hypothesis would be that
the lipids could have been used, as well as the polysac-
charides, as energy source for the metabolic processes
of detoxification and elimination of permethrin.

In addition to the histopathological analysis of the
liver, the present study also evaluated if permethrin
would be able to induce alterations in the spleen of
mice exposed to different dosages of this chemical
product; however, the results showed that the spleen of
individuals ‘‘control’’ and ‘‘exposed’’ presented the same
characteristics reported in literature for mammals
in general (Carvalho and Colares-Buzato, 2005;
Junqueira and Carneiro, 2008; Ross and Pawlina, 2008),
i.e., a big lymphoid organ interposed in the blood circula-
tion with functions to produce immunological responses

against antigens transported by the blood circulation as
well as to remove particles of material and damaged or
old erythrocytes. For its location in the blood circulation
the spleen would respond faster to the antigens that
would occasionally invade the blood, acting as an impor-
tant phagocytary and immunological filter, in addition to
being a great supplier of antibodies.

In the individuals here analyzed the white pulp was
observed in the form of nodules and cordons included
on a reddish matrix (red pulp). According to Junqueira
and Carneiro (2008), T and B lymphocytes predominate
in the white pulp, which would retain and process the
antigens brought by the blood, initiating the immune
response. As for the red pulp, formed by splenic cor-
dons among other cells, macrophages and lymphocytes
B and T, plasmocytes, monocytes, leukocytes, granulo-
cytes, as well as platelets and erythrocytes would be
found, which would complement the defense mecha-
nisms of this organ against harmful agents.

No morphological alterations were observed in the
spleens of individuals subjected to permethrin
(through light microscopy), or concerning the presence,
amount, and distribution of proteins, polysaccharides
and lipids; however, the same morphological character-
istics found in the control group were observed. These
data would suggest that the spleen, in this case, would
continue to perform its normal functions, without suf-
fering alterations even in the presence of the toxic
agent in the blood, which, in turn, would be sent to the
liver, that would be also receiving the blood from the
digestive tract and pancreas (Ross and Pawlina, 2008),
to be detoxified. The results presented in this study cor-
roborate analysis by Choi et al. (2002), who reported
that permethrin would be metabolized in the liver,
organ which is functionally characterized by the detox-
ification and elimination of drugs and toxins.

In literature, the studies that evaluate the possibility
of morphological alterations in the spleen of animals
exposed to chemical agents are extremely rare, and
most of them analyze the immunomodulatory effects of
toxic products on this organ, like the ones carried out
by Prater et al. (2002).

CONCLUSIONS

It was established by this study that histopathologi-
cal analysis are useful tools in the detection of the
direct toxic effects of chemical compounds on target
organ, mainly the liver.
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