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Introduction

Ozone (O3) is a primary component of air pollution 
in large cities and due to the accumulation of pho-
tochemical smog [1-3]. Damage caused by O3 ex-
posure depends on the dose inhaled [1,4]. O3 causes 
an increase in the generation of reactive oxygen 
species (ROS), oxidation or peroxidation of biomol-
ecules with loss of functional groups of proteins 
and cell damage or death [4-6].

When the O3 level overwhelms the antioxidant 
defense systems in the lungs [7,8], ROS can then 
reach the central nervous system (CNS) through 
the bloodstream, causing oxidative stress (OS) [9-
11], OS in the CNS plays a major role in neuronal 
death caused by severe vulnerability of the brain to 
a lost oxidation-reduction balance [12].

In the CNS, OS caused by O3 increases lipoper-
oxidation (LPO) [13], with the olfactory bulb, hip-
pocampus, striatum, cerebellum and prefrontal 

cortex being the most vulnerable areas [14-18]. In 
the hippocampus also causes neuronal death [1] 
and can lead to impaired brain plasticity, resulting 
in learning, memory and motor deficits and ending 
in progressive neurodegeneration [1]. OS has also 
been described in the pathophysiology of neurode-
generative diseases, such as Alzheimer and Parkin-
son [19,20].

It has been reported that the administration of 
several exogenous compounds, such as taurine [21], 
vitamin E [22] and estradiol (E2) [23], have antioxi-
dant effects and may decrease lipid peroxidation 
induced by O3 exposure. E2 also decreases neuronal 
death, cognitive deficit and impaired social recog-
nition memory caused by exposure to O3 in adult 
rats [23,24]. E2 is likely to exert antioxidant activity 
through its inherent ability to scavenge ROS and 
may inhibit LPO [25,26]. However, it is well known 
that the chronic administration of E2 alone and in 
combination with progestins as hormone therapy 
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Introduction. Oxidative stress increases brain lipid peroxidation, memory and motor deficits and progressive neurodegeneration. 
Tibolone, a treatment for menopausal symptoms, decreases lipid peroxidation levels and improves memory and learning. 

Aim. To study the effect of chronic administration of tibolone on lipid peroxidation, memory and motor deficits in ozone 
induced oxidative stress. 

Materials and methods. 100 male Wistar adult rats were randomly divided into 10 experimental groups: control (C) was 
exposed to an airstream for 60 days; C + tibolone, airstream exposure plus 1 mg/kg of tibolone for 60 days; groups 3-6 
were exposed to ozone for 7, 15, 30, and 60 days, and groups 7-10 received 1 mg/kg of tibolone treatment by oral gavage 
for 7, 15, 30 and 60 days and were then exposed to ozone. We determined the effect of tibolone on memory and motor 
activity. Hippocampus was processed to determine the content of 4-hydroxynonenal and nitrotyrosine by Western blot. 
Four animals were perfused and processed for analysis of neuronal death. 

Results. In the hippocampus, administration of 1 mg/kg of tibolone for 30 days prevented increased levels of lipid 
peroxidation and protein oxidation, whereas after 60 days prevented neuronal death in the CA3 region caused by exposure 
to ozone. Therefore, tibolone prevents cognitive deficits in short- and long-term memory on the passive avoidance task 
and prevents a decrease in exploratory behavior and an increase in freezing behavior. 

Conclusion. Our results indicate a possible neuroprotective role of tibolone as a useful treatment to prevent oxidative 
stress neurodegeneration.

Key words. 4-hydroxynonenal. Hippocampus. Learning. Lipoperoxidation. Memory. Oxidative stress. Neurodegeneration. 
Nitrotyrosine. Ozone. Tibolone.
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(HT) has side effects as endometrial and breast 
cancers and cardiovascular events [27,28].

Tibolone (TIB) is a selective tissue estrogenic ac-
tivity regulator that is widely prescribed to treat 
menopausal symptoms and to prevent bone loss 
[29]. TIB is metabolized into three biologically active 
metabolites, the 3-α-hydroxyestrogenic metabolite, 
the 3-β-hydroxyestrogenic metabolite, and the Δ4-
TIB, which display progestogenic and androgenic 
effects [30,31]. TIB metabolites circulate in inactive 
forms, and their conversion to bioactive forms de-
pends on tissue-specific desulfation [32,33].

Previous reports have indicated that the 3-α- and 
3-β-hydroxy-TIB are the predominant free metabo-
lites in the brain tissues of ovariectomized (OVX) 
cynomolgus monkeys [32-34]. High doses of TIB 
(1 and 10 mg/kg) improved learning observed in T-
maze compared to the vehicle. In this same study, in 
the hippocampus, the choline acetyl transferase 
content decreased with increasing doses of TIB, 
whereas the tryptophan hydroxylase content in-
creased with doses of 1 and 10 mg/kg of TIB [35]. 
TIB causes less vaginal bleeding, breast tenderness, 
and mammographic density with cardiovascular 
safety not different from other HTs [27,28].

In premenopausal women, TIB administration 
has reversed the cognitive damage caused by leupro-
lide acetate and improved the mood and quality of 
life in patients receiving uterine leiomyoma treat-
ment [36]. In hypothalamic neurons, TIB adminis-
tration rapidly attenuated the response of  γ-amino-
butyric acid receptor B [37]. In the cortex and hippocam-
pus of OVX rats, TIB decreased lipoperoxidation 
levels, produced greater total antioxidant capacity 
[38], and improved memory in a inhibitory avoid-
ance task [39]. Another study reported more intense 
staining for glial fibrillary acidic protein (GFAP) and 
c-fos in the brain cortex and hippocampus of female 
rats treated with TIB than in control animals [40]. In 
hippocampal and cerebellar tissues, the chronic ad-
ministration of TIB significantly decreased the pro-
tein content of hyperphosphorylated tau and in-
creased the levels of dephosphorylated tau, and these 
correlated with increases in the phosphorylated form 
of glycogen synthase kinase 3 (GSK3) [41]. All these 
results indicate that the chronic administration of 
TIB may exert a neuroprotective effect.

However, the effects of the chronic administra-
tion of TIB on memory deficits and motor impair-
ment in an OS rat model induced by O3 exposure 
are unknown. Therefore, in this work, we analyzed 
the effect of administering TIB at different times on 
memory deficit and motor impairment using the 
passive avoidance task and the motor activity test. 

We also analyzed the correlation of TIB treatment 
with the expression of OS markers and neuronal 
death in the male rat hippocampus.

The aim of this work was to study the effects of 
chronic administration of TIB on lipoperoxidation, 
memory and motor deficits, and neuronal death on 
a well-established noninvasive OS model using a 
chronic exposure of animals to low doses of O3 
similar to a day of high pollution in México City.

Materials and methods

Animals

One hundred male Wistar rats weighing 250-300 g 
were housed in acrylic boxes (five animals per cage) 
with free access to water and food (Purina, Min-
netonka, MN) and kept in a clear air room main-
tained on an artificial 12 h light/dark cycle (lights on 
at 08:00 h). Animals were treated in accordance with 
the guidelines and requirements of the World Medi-
cal Association Declaration of Helsinki and those of 
the Ethical Committee of the Faculty of Medicine 
at the Universidad Nacional Autónoma de México.

Treatments

The animals were randomly divided into ten experi-
mental groups, with ten animals per group. In the 
first group (C), ten animals were exposed to an air-
stream free of O3 for 60 days; in the second group 
(C+TIB), ten animals were exposed to an airstream 
free of O3 and received 1 mg/kg of TIB (Livial ® Or-
ganon, Mexico) for 60 days. Groups 3, 4, 5, and 6 
were exposed to O3 for 7, 15, 30, and 60 days, respec-
tively. Groups 7, 8, 9, and 10 received 1 mg/kg of TIB 
treatment by oral gavage for 7, 15, 30, and 60 days 
(O3+TIB), respectively, and were then exposed to 
O3. We selected this dose and time periods because 
previous studies have reported that TIB exerts effects 
on cognitive processes during the first two months 
of treatment with doses of 0.5 and 1 mg/kg [35,39].

O3 exposure

Animals were put daily for 4 h, exposed to 0.25 ppm 
of O3 inside a chamber with a diffuser connected to 
an ozone generator (5 L/s). The procedure used has 
been described elsewhere [1,17,21,24].

Air exposure

The same chamber was used when treating the con-
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trol group where flow of ozone-free purified air was 
used [1,17,21,24].

Passive Avoidance Task (PAT)

The PAT described in reference [13] was employed. 
Training was performed in a conditioning chamber 
with two compartments of the same size (30 × 30 × 
30 cm), one considered the safe compartment and 
the other the punishment compartment. They were 
separated by a guillotine-style door. In the safe 
compartment the floor consisted of an aluminum 
grill made of bars 0.5 cm in diameter separated by a 
distance of 1.5 cm. A stainless-steel layer covered 
the lateral walls and the floor of the punishment 
compartment. There was a gap of 1 cm in the mid-
dle of the floor. The floor was connected to a con-
stant-current unit (Grass, Model PSIU6), which in 
turn was connected to a Grass stimulator (Model 
S48) that delivered 50 square pulses per second at 
an intensity of either 2 to 4 mA, with a duration of 
5 ms per pulse for 5 s. Passive avoidance training of 
10 rats per group with a 3 mA footshock was per-
formed two hours following the last air or O3 expo-
sure. Either 10 min (short-term memory) or 24 h 
(long-term memory) after this training procedure, 
a retention test was performed. 

Motor Activity Test (MAT)

The MAT described in reference [13] was em-
ployed. Immediately after air or ozone exposure 
had finished, animals were returned to their home 
cages. Two hours later, motor activity of each ani-
mal of each group was quantified. The home cage 
was positioned on a locomotion sensitive plate, 
while the animal remained inside it. Motor activity 
was measured using an electronic activity monitor 
(EAM; Stoelting Co., Wood Dale, IL, USA). Ten 
minutes after having placed the cage on the plate, 
so as for the animal to adapt to the new location of 
the cage, motor activity was measured for 5 min. 
Quantification of the motor activity (exploratory 
and freezing) was carried out in all 10 animals of 
each group. The motor activity of the rats in the 
control groups was compared to that of the animals 
in the other experimental groups.

Western blot analysis

After analysis of the different behaviors, six animals 
from each group were randomly selected and killed 
by decapitation, and their hippocampus were dis-
sected and processed for Western blotting. The 

Western blot analysis described in reference [41] 
was employed. Tissue samples were homogenized 
in lysis buffer (150 nM NaCl, 20 mM Tris-HCl, 10% 
glycerol, 5 mM EDTA, and 1% NP-40; Roche, Mann-
heim, Germany) supplemented with protease in-
hibitors (50 μg/ml of phenyl methyl sulfonyl fluo-
ride, 10 μg/mL aprotinin, 25 μg/mL leupeptin, all 
from Sigma). Proteins were obtained by centrifuga-
tion for 15 min at 15,000 rpm at 4 °C, and the su-
pernatants were quantified using a modified Brad-
ford assay (BioRad, Munich, Germany). Proteins 
(30 mg) were resolved using sodium dodecyl sul-
fate-polyacrylamide gel electrophoresis (10% SDS-
PAGE) with a Mini-Protean system (BioRad) and 
electrophoretically transferred to nitrocellulose 
membranes (GE Healthcare, formerly Amersham 
Bioscience, Piscataway, NJ, USA). To verify that the 
amount of protein was the same in each lane, the 
membrane was stained with Ponceu S solution 
(0.1% w/v in 5% acetic acid, Sigma) and washed 
with 0.05% Tween-20 Tris-buffered saline until the 
stain disappeared. The membranes were blocked 
with 5% non-fat dry milk diluted in 0.05% Tween-
20 Tris-buffered saline and incubated overnight 
with the primary antibodies. Pre-stained markers 
(BioRad) were included for size determination. The 
following antibodies were used: rabbit polyclonal 
antibody against nitrotyrosine (NT) (Abcam, dilut-
ed 1:1,000); mouse monoclonal antibody against 
4-hydroxynonenal (4-HNE) (R&D, diluted 1:1,000). 
After incubation with the primary antibody, the 
membranes were washed and incubated with horse-
radish peroxidase-coupled secondary antibodies 
(Santa Cruz, diluted 1:10,000). The intensity of the 
protein bands was quantified by densitometry us-
ing a HP Scanner for capturing data and the Kodak 
1D Image Analysis Software for densitometric anal-
ysis. Five immunoreactive bands were quantified 
(50, 65, 80, 94 and 120 kDa) in both oxidative stress 
markers. The sum of the optical density of the 5 bands 
was used to perform the corresponding graph. To 
minimize intra-assay variations, samples from all 
animal groups in each experiment were processed 
concurrently and under the same conditions.

Histological assessment

For histological assessment of hippocampal dam-
age, the other four animals were perfused with 4% 
paraformaldehyde in PBS at the end of the last O3 
exposure. Brain slices containing the dorsal hip-
pocampus were processed for paraffin embedding 
and coronal sections (10 μm) were stained with the 
Nissl technique. The number of remaining pyrami-
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dal neurons showing normal morphology, distinct 
cytoplasmic and nuclear outlines, and visible nu-
cleolus, per 385 μm length in the middle part of the 
CA3 pyramidal cell layer, was counted bilaterally in 
2 sections per animal under a light microscope 
(magnification, 400×). Cell counts from the right and 
left hippocampus on each of the two sections were 
averaged to provide a single value for each animal.

Statistical analysis

Behavioral data were analyzed using nonparamet-
ric tests: Kruskal-Wallis analysis of variance among 
all groups and the Mann-Whitney test to compare 
the control and experimental groups. Western blot 
data and histological assessment were analyzed us-
ing ANOVA followed by a post hoc analysis with 

Tukey’s test. Prism 2.01 software (Graph Pad, CA) 
was used for calculating probability values. Values 
of p < 0.05 were considered statistically significant.

Results

Figure 1 shows Western blot data for OS markers of 
protein oxidation as NT (Fig. 1a) and lipoperoxida-
tion, such as 4-HNE (Fig. 1b) from animals exposed 
to O3 and exposed to O3 plus treatments of 1 mg/kg 
of TIB. We observed that the OS produced by 
chronic exposure to O3 increased the levels of prod-
ucts of the decomposition of peroxides derived 
from polyunsaturated fatty acids and the levels of 
ester lipoperoxidation and protein oxidation. We 
further observed that these increases were statisti-
cally significant upon at least 15 days of exposure. 
However, treatment with TIB maintained the levels 
of these OS markers at values similar to those of 
controls over the same time period (Figs. 1a and 1b).

Figure 2 shows the results of the PAT at 10 min 
and 24 h after the last exposure to O3 or to O3 with 
1 mg/kg of TIB treatment. We observed that chron-
ic exposure to O3 decreased the retention latency 
in both short- and long-term memory; this decrease 
was statistically significant after 15 days of exposure 
and was maintained until 60 days of exposure to O3 
(Figs. 2a and 2b). In animals exposed to O3 and 
treated with TIB, the retention latency remained at 
levels similar to those of the controls at 10 minutes 
(Fig. 2a). Although we observed a decrease in the 
retention latency at 24 h in animals treated with 
TIB, the values were higher than those of animals 
exposed to O3 only (Fig. 2b).

We observed that chronic O3 exposure decreased 
exploratory behavior and that this decrease was 
statistically significant after 30 days, whereas ani-
mals treated with TIB before exposure to O3 re-
tained levels of exploratory behavior similar to 
those observed in the controls (Fig. 3a). This result 
is related to the increase in freezing behavior, which 
was statistically significant beginning at 15 days of 
exposure (Fig. 3b). In animals pretreated with TIB, 
an increase in freezing behavior was observed, al-
though this increase was statistically lower than that 
observed in animals exposed to O3 without TIB 
treatment (Fig. 3b).

Finally we analyzed whether TIB may alter CA3 
neuronal death provoked by O3 exposure. Nissl 
staining showed O3 induced neuronal death in CA3 
region of the hippocampus (Figs. 4e, 4f, 4i). In ani-
mals previously treated with TIB, reduced CA3 
neuronal death was observed (Figs. 4g, 4h, 4i) not 

Figure 1. Examples of Western blots and effects of chronic exposure to 
O3 and O3+TIB on NT and 4-NHE content in the hippocampus of rats. 
Animals were randomly divided into ten experimental groups, (C) ani-
mals exposed to an airstream for 60 days; C+TIB animals exposed to 
an airstream and received 1 mg/kg of TIB for 60 days. O3 groups were 
exposed to O3 for 7, 15, 30, and 60 days, respectively. O3+TIB groups 
received 1 mg/kg of TIB treatment for 7, 15, 30 and 60 days respective-
ly, and were then exposed to O3. Bands immunodetected and densito-
metric analysis of NT (a) and 4-HNE antibody (b) are showed. Results 
are expressed as mean ± standard error. n = 10. a p < 0.05 compared 
to C and C+TIB; b p < 0.05 15d, 30d and 60d O3+TIB compared to 15d, 
30d and 60d O3 respectively. 

a

b
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being statistically different to animals treated with 
air (C) (Figs. 4a, 4b, 4i) or air plus TIB (C+TIB) 
(Figs. 4c, 4d, 4i).

Discussion

Our team developed a well-established noninvasive 
OS induced by O3 exposure. These OS damage can 
lead impaired brain plasticity, resulting in learning, 
memory and motor activity deficits [18,21], by in-
creasing LPO levels [23].

We observed that chronic inhaled exposure of 
O3 increases 4-HNE and NT in the rat hippocam-
pus after 15 days of exposure and that these levels 
are maintained until 60 days (Fig. 1a). These results 
are in agreement with ours previous works in which 
we reported that chronic exposure to O3 increases 
LPO [23]. The brain is especially vulnerable to LPO 
by ROS because it consumes approximately one 
fifth of a human’s oxygen intake, has a relative pau-
city of antioxidant systems and contains high con-
centrations of polyunsaturated fatty acids (PUFAs) 
[42]. 4-NHE is a highly reactive aldehyde generated 
by the exposure of polyunsaturated fatty acids to 
peroxide and ROS and is a biomarker for the occur-

rence and extent of OS in neurodegenerative dis-
eases [43,44].

As discussed above, E2 exerts antioxidant activi-
ty, donating hydrogen atoms from its phenolic hy-
droxyl structure to lipid peroxy radicals, ROS and 
other damaging radicals, which can inhibit LPO 
and block memory deterioration [23,26].

In the last few years, the CNS effects of TIB have 
been extensively researched [35-41,45-50]. Although 
the cognitive and neuroprotective aspects have not 
been fully elucidated, studies in animals and hu-
mans suggest that TIB could be helpful against 
damage induced by long-term OVX [35], meno-
pause [46], leuprolide acetate administration [36] 
and aging [38]. TIB has been proposed as a neuro-
endocrine modulator [45] and as a neuro transmitter 
modulator [35], and it reduces the formation of 
paired helical filaments (PHF) by increasing the 
proportion of dephosphorylated Tau [41].

On our study, we observed that treatment with 
TIB maintains the levels of these markers of OS at 
values similar to those of the controls along the 
same time-course as O3 treatment (Figs. 1a and 1b). 
These results are in agreement with previous re-
ports in which the administration of TIB reduced 
the LPO induced by aging in rat hippocampus [38]. 

Figure 2. Effects of O3 and O3+TIB on PAT. Short-term (a) and long-
term (b) memory retention latency. Mean latencies in seconds are on 
the ordinate and treatments on the abscissa. a p < 0.05 compared to C 
and C+TIB; b p < 0.05 15d, 30d and 60d O3+TIB compared to 15d, 30d 
and 60d O3 respectively.

a

b

Figure 3. Effects of O3 and O3+TIB on exploratory and freezing behav-
ior. Exploratory (a) and freezing (b) behaviors in mean (n) ± standard 
error (s) are depicted on the ordinate. The different treatments are de-
picted on the abscissa (n = 10 for each group). a p < 0.05 compared to 
C and C+TIB; b p < 0.05 15d, 30d and 60d O3+TIB compared to 15d, 
30d and 60d O3 respectively.

a

b

10 minutes later 

24 hours later 
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To our knowledge, this is the first published report 
of protein oxidation levels upon chronic treatment 
with TIB. We observed maintenance in the values of 
the oxidative and nitrosative stress biomarkers as 
normalized to the control rats’ values, even with 
chronic exposure. Previous studies have reported 
that chronic administration of TIB reduces the LPO 
produced by OVX in the rat brain and in the blood 
of menopausal women. These results might be due 
to the property of TIB to donate hydrogens from its 
A ring with a resulting increased capacity of scav-
enging oxyradicals, and/or by stimulating direct and 
indirect mechanisms of antioxidants (e.g. tocopher-
ol) within increased plasma concentrations of them 
as observed in previous references [38,50].

Our results indicate that TIB reduces the oxida-
tion of hippocampal lipids and proteins in this mod-
el. However, the mechanisms through which TIB 

performs this action are unknown and deserve fur-
ther investigation.

The PAT is a Pavlovian fear-motivated avoidance 
task useful for evaluating the effect of novel chemical 
entities on learning and memory as well as studying 
the mechanisms involved in cognition.

In our study, chronic O3 exposure decreased the 
retention latency in short- and long-term memory. 
These results are in agreement with previous reports, 
which demonstrated that chronic O3 exposure can 
lead to impaired brain plasticity and produce learn-
ing and memory deficits [18,21]. In contrast, we ob-
served that pretreatment with TIB, retention latency 
remained at levels similar to the controls at the 10-
minute time point (Fig. 2a). Despite the decrease in 
retention latency at 24 h in animals treated with TIB, 
the values are higher than those of animals treated 
with O3 only (Fig. 2b). Similarly [38], have reported 
that E2 valerate and TIB affect memory differently in 
females in a dose- and age-dependent manner. In a 
previous study, our group reported that TIB im-
proved learning, modulating the hippocampal cho-
linergic and serotonergic systems [35]. All these re-
sults indicate that the chronic administration of TIB 
could be helpful against some types of damage that 
induce memory impairment.

In addition, we observed that chronic O3 expo-
sure decreases exploratory behaviors and increases 
freezing behaviors. These results are in agreement 
with previous reports of impairments in motor ac-
tivity after different periods and concentrations of 
O3 exposure [9,18,21]. In animals treated with TIB 
before exposure to O3, exploratory behavior levels 
remained similar to those observed in the controls 
(Fig. 3a). Although there was also an increase in 
freezing behavior, this increase was statistically 
lower than in animals exposed to O3 without TIB 
treatment (Fig. 3b).

A previous report indicated that O3 inhalation 
produced impaired nigral cell morphology and a 
loss of dopamine neurons in (OVX) rats. This effect 
was counteracted after 60 days of 17β-E2 treatment, 
when blood levels were highest [24]. Other study 
reported, that treatment with 17β-E2 significantly 
attenuated both motor impairment and the lipid 
peroxidation process, and it restored the levels of 
antioxidants in a neurotoxicity model induced by 
ethanol [51]. All these results indicate that TIB at-
tenuated the motor activity impairment induced by 
OS in the O3 exposure model could be by its estro-
gen activity on the CNS [34,41].

In respect to the histological assessment we ob-
served neuronal death induced by O3 after 60 days 
of exposure. These results reinforces our previous 

Figure 4. TIB partially reduced the CA3 pyramidal neuron loss induced by chronic O3 exposure. Left: Nissl 
stained coronal sections of the dorsal hippocampus of rats subjected either to airstream free of O3 expo-
sure (C; a, b) or airstream free of O3 exposure + 1 mg/kg of TIB for 60 days (C+TIB; c, d), or to O3 expo-
sure for 60 days (O3 60d; e, f) or to O3 exposure + 1 mg/kg of TIB for 60 days (O3+T 60d; g, h), obtained 
at the last day of O3 exposure. Down (i): number (mean ± standard error) of pyramidal neurons in the 
CA3 in three experimental groups. Scale bars: 1 mm (hippocampus), 100 µm (CA3). Tukey test: a p < 0.05 
vs. C , C+TIB and O3+TIB; b p < 0.05 vs. O3 60d.
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reports where we found O3 induced neuronal death 
and loss of brain repair in the hippocampus of adult 
rats [1]. We also observed that TIB pretreatment 
reduces the number of neurons death by chronic 
O3 exposure probably because of that antioxidant 
ability discussed before [38,50].

This reduce of neuronal death provides a possi-
ble explanation of why motor activity impairment 
was also diminished. The same effect observed on 
hippocampus might be happening in the substantia 
nigra with a lowering loss of dopaminergic neurons 
and restore of dopaminergic communication. More-
over, further studies on that region have to be per-
formed to confirm such hypothesis.
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Efecto neuroprotector de la tibolona contra el estrés oxidativo inducido por la exposición a ozono

Introducción. El estrés oxidativo aumenta la lipoperoxidación, produce déficits de memoria y de actividad motora así 
como una neurodegeneración progresiva en el sistema nervioso central. La tibolona es un tratamiento para los síntomas 
de la menopausia que disminuye los niveles de peroxidación de lípidos y mejora la memoria y el aprendizaje. 

Objetivo. Estudiar el efecto de la tibolona sobre la peroxidación de lípidos, los déficits de memoria y motor en el modelo 
de estrés oxidativo inducido por la exposición crónica al ozono. 

Materiales y métodos. Se dividieron aleatoriamente 100 ratas adultas Wistar en 10 grupos: control (C), que recibió aire 
durante 60 días; (C + tibolona), aire más 1 mg/kg de tibolona durante 60 días; los grupos 3-6, ozono durante 7, 15, 30, 
y 60 días; y los grupos 7-10, 1 mg/kg de tibolona durante 7, 15, 30 y 60 días previo a la exposición al ozono. Se realizaron 
pruebas de memoria y motoras y se determinó el contenido del 4-hidroxinonenal y de la nitrotirosina por Western blot, así 
como la muerte neuronal en el hipocampo. 

Resultados. La administración de tibolona disminuyó el contenido de lípidos peroxidados, la oxidación de proteínas y la muer-
te neuronal en el hipocampo; mejoró la memoria y previno las alteraciones motoras en los animales expuestos a ozono. 

Conclusión. Nuestros resultados indican un posible papel neuroprotector de la tibolona como un tratamiento útil para 
prevenir la neurodegeneración inducida por el estrés oxidativo.

Palabras clave. 4-hidroxinonenal. Aprendizaje. Estrés oxidativo. Hipocampo. Lipoperoxidación. Memoria. Ozono. Neuro-
degeneración. Nitrotirosina. Tibolona.


