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SUMMARY

Cypermethrin is a Type II pyrethroid widely used for pests
control in agriculture. The principal effect of this insecticide
is to alter voltage-dependent sodium channels in the nervous
system, but it also affects GABA levels in the CNS of mam-
mals. The cerebellar circuit has as its principal neurotransmit-
ter GABA for transportation of Cl-, allowing its inhibitory and
modulatory function. In this work, the effects of cypermethrin on
the cerebellar cortex are studied. Thirty three adult CF-1 male
mice were distributed in three groups: 1) untreated, 2) vehi-
cle (oil) and 3) experimental (cypermethrin in oil at 1/5 DLS50).

The animals were euthanized at days 1, 8, 17, 25 and 34, then
processed for histology (haematoxylin-eosine) and im munohis-
tochemistry (Apaf-1 and Ki-67). The Purkinje cells and the im-
munoreactive Purkinje and Granular cells were quantified. The
results showed a significant decrease in Purkinje cells numbers
at all the times studied, also, there was an increase in the ex-
pression of Apaf-1 and Ki-67 in the Purkinje and Granular cells
in acute and chronic stages. This shows that cypermethrin at
1/5 DL50 produces damage to the cerebellar cortex and induces
apoptosis in the Purkinje and Granular cells.

Introduction

Cypermethrin it is a synthet-
ic, photo stable pyrethroid with
great insecticide power and a
broad action spectrum, widely
used for pest control in crops,
with  good effects on
Lepidoptera, Coleoptera and
Hemiptera. The inclusion of a
a-cyano group classifies cyper-
methrin as a type Il pyretroid
(Soderlund et al., 2002). The
a-cypermethrin makes up more
of the 90% of the active form
of the insecticide and corre-
sponds with a rasemic mixture
of the cis isomers (Lessenger,
1992). Cypermethrin it’s

considered as a class II insecti-
cide by WHO (2010).

The pesticide has multiple
ways of entrance to the body:
dermal (Luty et al., 2000),
oral (Manna et al., 2004),
across the conjunctiva and
through the respiratory tract
epithelium (Martinez-
Navarrete et al., 2008). This
last one allows a high rate of
absorption and is the best
known (Martinez-Navarrete
et al., 2008). Cypermethrin
shows high affinity to lipids,
its elimination kinetics from
nervous tissue is 78% in 24h,
12% in 8 days and the re-
maining 10% between 18 and

24 days. The rate of excretion
does not increase after repeat-
ed exposure. The half-life of
cis-cypermethrin in fatty tis-
sue of mice is 13 days, and
the trans isomer has a half-
life of one day (Soderlund
et al., 2002; Wolansky and
Harrill, 2008).

The principal mechanism of
action is by alteration of the
voltage-dependent sodium
channels (VDSC) in the CNS,
increasing the channel opening
time, which in turn increases
depolarization time (Ray and
Fry, 2006). Cypermethrin also
produces alterations on the
gamma aminobutyric (GABA)

receptor, altering the GABA
dependent Cl- channel
(GDCC). GABA is the princi-
pal neurotransmitter for ClI-
transport in the CNS and the
cerebellum has the highest
concentration of GABA in the
encephalon. Severe alterations
of GABA concentration could
lead to disruption of the cere-
bellar circuits, mainly affect-
ing the Purkinje cells.
Cypermethrin and deltame-
thrin produce decreases on the
level of GABA in rats exposed
with 1/10 of the LDy, (Manna
et al., 2006). Permethrin (a
Type I pyrethroid), decreases
in the number of Purkinje
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RESUMEN

La cipermetrina es un piretroide tipo II ampliamente utiliza-
do para el control de pestes en agricultura. El principal efec-
to de este insecticida es alterar los canales de sodio voltaje
dependientes en el sistema nervioso, pero también afecta los
niveles de GABA en el SNC de mamiferos. El circuito cerebe-
loso tiene a GABA como su principal neurotransmisor para el
transporte de CI, permitiendo su funcion inhibitoria y modu-
ladora. En el presente trabajo se estudian los efectos de la ci-
permetrina sobre la corteza cerebelosa. Treinta y tres ratones
CF-1 adultos fueron distribuidos en tres grupos: 1) sin trata-
miento, 2) con vehiculo (aceite) y 3) experimental cipermetrina

en aceite a 1/5 DLsy). Los animales fueron sacrificados después
de 1, 8, 17, 25 y 34 dias, para luego ser procesados para his-
tologia (hematoxilina-eosina)e inmunohistoquimica (Apaf-1
y Ki-67). Se cuantificaron las células de Purkinje y las célu-
las de Purkinje y Granulares inmunoreactivas. Los resultados
mostraron un descenso significativo en el numero de células de
Purkinje en todos los tiempos del estudio, asi como un aumen-
to en la expresion de Apaf-1 y Ki-67 en las células de Purkinje
y Granulares en estadio agudo y cronico. Se muestra que la
cipermetrina a 1/5 D50 produce daiios en la corteza cerebelo-
sa e induce apoptosis en las células de Purkinje y Granulares.

AVALIACAO DOS EFEITOS DE UMA DOSE UNICA DE CIPERMETRINA NO CORTEX CEREBELAR DE RATOS CF-1
German Venegas F., Cristian Donoso, Camilo Arriaza, Omar Espinoza-Navarro, Maria Eugenia Castro,

Cristian Torres, Felipe Lillo e Héctor Rodriguez B

RESUMO

A cipermetrina ¢ um piretroide tipo Il amplamente uti-
lizado para o controle de pestes na agricultura. O principal
efeito deste inseticida é alterar os canais de sodio voltagem
dependentes no sistema nervoso, mas também afeta os niveis
de GABA no SNC de mamiferos. O circuito cerebeloso tem o
GABA como seu principal neurotransmissor para o transporte
de Cl-, permitindo sua fung¢do inibitoria e moduladora. No pre-
sente trabalho se estudam os efeitos da cipermetrina sobre o
cortex cerebeloso. Trinta e trés ratos CF-1 adultos foram dis-
tribuidos em trés grupos: 1.- sem tratamento, 2.- com veicu-
lo (0leo) e 3.- experimental cipermetrina em oleo a 1/5 DL50).

Os animais foram sacrifcados depois de 1, 8, 17, 25 e 34 dias,
para logo ser processados para histologia (hematoxilina-eos-
ina)e imuno-histoquimica (Apaf-1 y Ki-67). Quantificaram-se
as células de Purkinje e as células de Purkinje e Granulares
imunorreativas. Os resultados mostraram um descenso signif-
icativo no numero de células de Purkinje em todos os tempos
do estudo, assim como um aumento na expressdo de Apaf-1 e
Ki-67 nas células de Purkinje e Granulares em estado agudo e
cronico. Mostra-se que a cipermetrina a 1/5 D50 produz danos
no cortex cerebeloso e induz apoptose nas células de Purkinje
e Granulares.

cells in dermally exposed rats
(Abdel-Rahman et al., 2001).

The objective of this study
was to evaluate the effects of
a low dose (1/5 DLs,) of cy-
permethrin on the cerebellar
cortex, focusing on the density
of the Purkinje cell population
and the expression of apoptotic
(Apaf-1) and proliferation (Ki-
67) biomarkers, as regulators
of cellular proliferation pro-
cesses, through the route of
caspases and cell cycle regula-
tory factors, respectively.

Materials and Methods
Materials

Thirty-three mice of the
CF1 strain, 2.5-3 month old,
weighing 25-30g, were kept
under standard feeding condi-
tions, with a 12h light and

12h darkness cycle in the an-
imal house of the Faculty of
Medicine, Universidad de
Chile. Cypermethrin (CAS N°
52315-07-8) 92.5% p/p from
Anasac was re-suspended in
vegetable oil (Sunflower).

Experimental design

Animals were distributed in
three groups: Group 1 (n= 3)
were left untreated, Group 2
(n= 15) received 50pl vegeta-
ble oil i.p., and Group 3 (n=
15) received 50ml vegetable
oil containing cypermethrin at
1/5 of the lethal i.p. dose
(LDs,) of 485mg-kg! (IPCS,
2008). For each group, the
cerebellums of three mice
were dissected at 24h and 8,
17, 25, and 34 days after cy-
permethrin treatment, follow-
ing euthanasia according to
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NIH protocols (Mendez,
2009). These periods coincide
with the time required for
metabolism and elimination of
cypermethrin, and its perma-
nence in the fatty tissue with
a half-life of 9-12 and 18
days, respectively. The cere-
bellum was fixed for 48h in
10% buffered formalin (phos-
phate buffer pH 7.2) and
thereafter subjected to stan-
dard histological techniques,
such as paraffin embedding
(56/58°C melting point).
Sections of S5pum were sliced
and mounted in silanised
slides (Star Frost).

Purkinje cell count

After hematoxylin eosine
(H-E) staining, bright field
photomicrographs were taken
with a 1000x objective. Cell

counts were made by measur-
ing a line in the monolayer of
Purkinje cell, and an index
was obtained considering
number of Purkinje cells per
lineal extent (um). A total of
30 fields were read per
cerebellum.

Immunohystochemistry

Apoptosis was analyzed
with antibody against Apaf-1
and cell proliferation was an-
alyzed with antibody against
Ki-67 (Clon SP6. Thermo
Scientific Catalog RM-9106-
SO). Positive Purkinje cells
were counted as the number
of immune reactive cells in
relation to the total of
Purkinje cells. For Granular
cells, positive cells were
counted and tabulated as the
number of immune reactive
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cell per unit area (um?). A to-
tal of 30 fields were read per
cerebellum (1000x).

Statistical analysis

Data were analyzed statisti-
cally with non-parametric
ANOVA (Kruskal-Wallis test)
and post test (Dunn’s multiple
comparison test), considering
always p<0,05.

Results

The three layers of the cere-
bellar cortex: Molecular,
Purkinje and  Granular
(Figure 1) were differentiated
in histological sections stained
with hematoxylin eosin.
Morphological alterations of
the tissue were not observed.

Purkinje cell count

Purkinje cells were observed
with their characteristic mor-
phology forming a monolayer in
the cerebellar cortex (Figure 1).
The number of Purkinje cells
was significant decreased
(p< 0.05) after the administra-
tion of cypermethrin. This was
observed at all the times stud-
ied in comparison to the control
group 1 (Figure 2). The de-
crease of the Purkinje cells was
higher at days 17 and 25, which
shows that the insecticide not
only has an acute affect to the
cerebellar tissue, but can also
induce significant changes to

the tissue in chronic stages
(p< 0.05).

Apoptosis

Immunoreactive cells showed
a bright brown staining in both
Purkinje cells and Granular
cells. There was an increase of
the expression of Apaf-1 in
both cell populations. In
Purkinje cells there was a
higher expression of Apaf-1 in
days 17 and 25, but this wasn’t
significant (p> 0.05). Granular
cells showed a significant in-
crease of the expression of
Apaf-1 at day 25 (Figure 3),
which concurs with the lowest
count of Purkinje cells at days
17 and 25.

Ki-67

Both cell populations showed
immunoreactive cells to the
antibody. There was an in-
creased of the expression of
Ki-67 in the Purkinje cells at
days 17 and 25, but this was
not significant (p> 0.05).
Granular cells showed a signif-
icant increase in the expression
of Ki-67 at day 25 (Figure 4).
Discussion

The effect of cypermethrin
on the CNS is principally
through an increase of the
opening time of the voltage-de-
pendent sodium channels, but
also affects the GABA recep-
tors and GABA encephalic

Figure 1. Cerebellar cortex, H-E staining showing the three layers of the
cortex, Granular (G), Purkinge (P) and Molecular (M).
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Figure 2. Effect of cypermethrin on the Purkinje cells in the cerebellum at
different times. The bars show the means and standard deviation. (¥) p< 0.05.
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Figure 3. Expression of Apaf-1 in Purkinje (a) and Granular (b) cells in
mice cerebellums after a single dose (1/5 DLs,) of cypermethrin. The
bars show the means and standard error. (*) p<0.05.
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Figure 4. Expression of Ki-67 in Purkinje (a) and Granular (b) cells in
the cerebellum after a single dose (1/5 DLs,) of cypermethrin. The bars
show the means and standard error. (*) p<0.05.
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levels. In the normal cerebellar
circuits the Purkinje cells acts
as their axis (Sarna and
Hawkes, 2003), exerting an
inhibitory function through
GABA dependent CI' channels.
This implies that an alteration
on the GABA receptors can
affect the cerebellar circuits
and the cerebellar cell popula-
tion, which can induce a de-
crease in the Purkinje cell pop-
ulation, as observed in the
present study. A cypermethrin
effect on GABA levels was
showed in rats exposed to the
insecticide to a single dose of
145mg-kg!, producing a signif-
icant decrease in the concentra-
tions of the neurotransmitter
(Manna et al., 2006b).

The main afferent pathway
of the normal cerebellar circuit
is through the mossy and the
climbing fibers. The mossy fi-
bers forms glutamatergic syn-
apses on the Granular cells,
and these cells in turn project
their axons to the molecular
layer, to synapse on the den-
dritic spines of Purkinje cells.
This means that damage to
Purkinje cells, as observed in
this study, could alter the pop-
ulation of Granular cells. The
climbing fibers come from the
olivar complex and synapse
directly on the Purkinje cells.
Finally, the Purkinje cell axons
synapse on neurons in deep
cerebellar and vestibular nuclei
that are constantly modulated
by inhibition from the Purkinje
cells, which are exclusively
GABAergic (Sarna and
Hawkes, 2003). This circuit
can be altered by the presence
of pyrethroids that reduce
GABA levels (Manna et al.,
2006b) and also reduce the
number of Purkinje cells
(Abdel-Rahman et al., 2001).
In the present study a signifi-
cant decrease in the number of
Purkinje cells was observed
after a single dose of
cypermethrin.

The euthanasia of the ani-
mals was carried out at days 1,
8, 17, 25 and 34, which corre-
spond with the biotransforma-
tion and excretion of cyperme-
thrin. The trans isomer is al-
most completely eliminated in
the first 24h, while the cis iso-
mer is eliminated by day 8

from liver and kidney, and in
days 12, 17, 24 and 28 from
fatty tissue (Crawford et al.,
1981; Rhodes et al., 1984;
Soderlund et al., 2002).

There was a larger decrease
in the Purkinje cell number at
days 17 and 25; this concurs
with previous results in cere-
bral cortex, where a significant
decrease in the neuronal densi-
ty was observed at day 25 in
mice exposed to a 1/5 DLy, of
cypermethrin (Jiménez et al.,
2008). This allows to determi-
nate that cypermethrin has a
significant effect in acute and
chronic stages after exposure.

Other authors also described
the chronic effect of cyperme-
thrin in the CNS; this was
shown in rats exposed to 1/10
and 1/20 of the LD,,, where
the animals had a significant
decrease of the GFAP protein
present in astrocytes at days 2
and 21 after exposure, the re-
duction being more pronounced
in day 21 (Malkiewicz et al.,
2006). This shows that cyper-
methrin not only leads to dam-
age of neurons, but also affects
the glial cells in the CNS.

An increase in the expres-
sion of Apaf-1 in the Purkinje
and Granular cells was ob-
served at all the times stud-
ied, with a significant in-
crease in day 25, which
agrees with the lowest num-
bers in the Purkinje cell pop-
ulation. This shows that the
decrease in the cell number
could be due top the apoptot-
ic cell death induced by cy-
permethrin. Apoptosis in-
duced by pyrethroids in
Purkinje cells was also shown
in rats exposed for 30 days to
permethrin at daily doses of
0.14mg-kg!' (Abdel-Rahman
et al., 2004). Also, cyperme-
thrin-induced apoptosis was
observed in telencephalon of
tadpoles of Physalaemus bili-
gonigerus, 96h after exposure
to 193ug-1"! of the insecticide
(Izaguirre et al., 2000). The
increase in the expression of
Apaf-1 in Granular cells can
be a direct effect of cyperme-
thrin, or due to disruption of
the cerebellar circuit after the
death of the Purkinje cells, in
turn inducing the death of
Granular cells.
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There was an increase in the
expression of Ki-67 in the
Purkinje cells at days 17, 25
and 34. This was not statistical
significant in comparison with
the control groups, althoug it
was significant at day 25 in
comparison with days 1 and 8.
Granular cells also showed a
significant increase in the ex-
pression of Ki-67 in day 25.
This change can be a response
to the decreased cellular popu-
lation resulting from the ex-
pose to cypermethrin, causing
activation of the cell cycle
leading to an increase in the
expression of Ki-67. However,
the cells do not complete the
cycle; it has been shown that
cells can return to a quiescent
state even after having synthe-
sized DNA (Scholzen and
Gerdes, 2000). Cells can un-
dergo cellular arrest and apop-
tosis after entering the cell
cycle if they do not successful-
ly past the checkpoints of the
cycle (Liu and Greene, 2001).
Neurons are highly differentiat-
ed cells, and they do not have
the adequate cellular machin-
ery to successfully complete a
cell cycle, so that after they
start it they can end in cellular
arrest and apoptosis.

Cypermethrin has a signifi-
cant effect on the cerebellar
cortex, altering both Purkinje
and Granular cells. This is es-
tablished by the reduction in
density of Purkinje cell popula-
tion and the increases in the
expression of Apaf-1 and Ki-67
in both Purkinje and Granular
cells. Ki-67 is a unique peptide
that appears in the G1 and G2
phases of the cell cycle, and
has a short half life.
Meanwhile, Apaf-1 brings to-
gether , through the caspase
pathway, the intrinsic and ex-
trinsic apoptosis pathways.

Cypermethrin produces acute
and chronic effects in the cer-
ebellar cortex. The insecticide
can remain in fatty tissue even
28 days after the exposure
(Rhodes et al., 1984) and can
cause a chronic effect to the
cerebellar neurons. Such chron-
ic effect of cypermethrin can
be produced by two processes:
1) as mentioned, the insecticide
can remain in fatty tissue after
28 days of exposure, and

2) because of the damage to
cerebellar circuits the intact
neurons activate the cellular
machinery trying to compen-
sate this lost circuits, ending in
cellular arrest (Liu and Greene,
2001; Migliorini et al., 2002).
It is difficult to determine
which one of the proposed pro-
cesses has more importance in
the damage produced by cy-
permethrin. Also, this damage
has been observed in other
tissues under the similar exper-
imental conditions (Jiménez
et al., 2008; Rodriguez et al.,
2009).

Conclusion

In adult mice, cypermethrin
at a 1/5 LDy, produces acute
and chronic effects on the cer-
ebellar cortex, causing a de-
crease in the number of
Purkinje cells. It also increases
the expression of apoptotic bio-
markers such as Apaf-1 in
Purkinje and Granular cells,
and increases the expression of
Ki-67 in these cells.
Cypermethrin can cause sub-
clinic damage to the cerebellar
cortex due to direct damage
and induction of apoptosis.
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