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Abstract
The aim of this study was to investigate the effect of ovariectomy (OVX), a surgical model of menopause, and/or vitamin D (VIT
D) supplementation on oxidative status, DNA damage, and telomere length in hippocampus of rats at two ages. Ninety-day-old
(adult) or 180-day-old (older) femaleWistar rats were divided into four groups: SHAM, OVX, VIT D, and OVX +VIT D. Thirty
days after OVX, rats were supplemented with VIT D (500 IU/kg) by gavage, for a period of 30 days. Results showed that OVX
altered antioxidant enzymes, increasing the activities of catalase in adult rats and superoxide dismutase in older rats. VIT D per se
increased the activities of catalase and superoxide dismutase in older rats, but not in adult rats. VIT D supplementation to OVX
(OVX+VIT D) rats did not reverse the effect of OVX on catalase in adult rats, but it partially reversed the increase in superoxide
dismutase activity in older rats. OVX increased DNA damage in hippocampus of adult and older rats. VIT D per se reduced DNA
damage, and when associated to OVX, it partially reversed this alteration. Additionally, OVX caused a telomere shortening in
older rats, and VIT D was able to reverse such effect. Taken together, these results demonstrate that surgical menopause in rats
causes hippocampal biochemical changes and VIT D appears, at least in part, to act in a beneficial way.
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Abbreviations
ANOVA Analysis of variance
CAT Catalase
CNS Central nervous system
DCF 2′7’dichlorofluorescein
DCFH 2′7’dichlorofluorescin
DCFH-DA 2′7’dichlorofluorescein diacetate
DI Damage index

DTNB 5,5′-dithio-bis (2-nitrobenzoic acid)
gDNA Genomic DNA
GPX Glutathione peroxidase
HRT Hormone replacement therapy
OVX Ovariectomy
OVX+VIT D Ovariectomy + vitamin D supplementation
qPCR Real-time polymerase chain
SOD Superoxide dismutase
TBARS Thiobarbituric acid reactive substances
VDR Vitamin D receptor
VIT D Vitamin D
TBA Thiobarbituric acid
TCA Trichloroacetic acid
TNB 5-thio-2-nitrobenzoic acid

Introduction

Menopause is a physiological state in women’s lives. It occurs
naturally, diagnosed after 12 months of amenorrhea without
pathological cause, but, it can also be induced by chemother-
apy, radiation exposure, or surgery, such as ovariectomy
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(Grant et al. 2015; Shuster et al. 2010). The real effects of
surgical menopause are not fully understood, but it is believed
to be associated with increased long-term health risk factors
(Henderson and Sherwin 2007; Rocca et al. 2010; Shuster
et al. 2010).

Evidence shows that estrogenic deprivation characteristic
of menopause may be related to increased risk of developing
neurodegenerative diseases in women, highlighting the possi-
ble neuroprotective role of estrogens (Georgakis et al. 2016;
Henderson 2014). Furthermore, the involvement of estrogens
in the protection against oxidative imbalance is well recog-
nized (Borras et al. 2010; Xiao et al. 2017). Accentuated es-
trogen’s reduction has been related to an imbalance between
the production of oxidant species and antioxidant defenses,
leading to oxidative stress (Doshi and Agarwal 2013).
Although the low concentration of oxidative species is impor-
tant in the intracellular signaling, high concentrations may
cause damage to biomolecules such as lipids, proteins, and
DNA, which may contribute to damage and cellular function
loss (Halliwell 2012; Valko et al. 2016). Elevated levels of
reactive oxygen species (ROS) induce the oxidation of gua-
nine bases (Cadet and Wagner 2013) and single and double
breaks in the DNA (Nathan and Cunningham-Bussel 2013;
Tamm et al. 2008). Consequently, progressive accumulation
of DNA damage is related to premature induction of senes-
cence and the appearance of an early disease-dependent phe-
notype (Bhatia-Dey et al. 2016; Chen et al. 2007).

Among senescence, telomere lengths have been proposed
as a biomarker of cellular aging (Sanders and Newman 2013;
von Zglinicki and Martin-Ruiz 2005). Telomeres are ribonu-
cleoprotein structures located at the end of linear eukaryotic
chromosomes whose function is attributed to protection of
genome integrities (Blackburn 2000; O’Sullivan and
Karlseder 2010). The telomeres are composed of a tandemly
repeated hexamer DNA sequence (5′-TTAGGG-3′) and natu-
rally undergo shortening under physiological conditions
(O’Callaghan and Fenech 2011). However, the premature or
accelerated shortening rate has been considered a marker of
cellular senescence (Bernadotte et al. 2016).

Menopausal women usually perform hormone replacement
therapy (HRT) for the substitution of endogenous estrogens;
however, it is known that this practice is not free of adverse
effects. Therefore, the search for alternative treatments to re-
place or complement the HTR used by menopausal women
has increased in the last years (Ben et al. 2010; Monteiro et al.
2005a; Siebert et al. 2014). Vitamin D (VIT D) is considered a
steroid hormone with important function in calcium homeo-
stasis. The main source of VIT D is its endogenous formation
in cutaneous tissues as a result of exposure to ultraviolet B
radiation (Mpandzou et al. 2016; Stroud et al. 2008).
However, diet has become an important alternative source of
VIT D. VIT D has numerous biological targets and acts
through its receptor (VDR), found in most body cell (Eyles

et al. 2007). In both rats and humans, VDR appears to be
localized in brain key area regions, such as amygdala, cortex,
and hippocampus, which are involved in cognitive function-
ing (Eyles et al. 2005; Harms et al. 2011;McGrath et al. 2004).

In this work, we investigate the effects of ovariectomy
(OVX-surgical menopause model), performed at two different
ages of female Wistar rats: 90 days old (adult) and 180 days
old (older), on oxidative stress parameters, DNA damage in-
dex, and relative telomere length in hippocampus, a brain
structure sensitive to effects caused by this model (Monteiro
et al. 2005b; Siebert et al. 2014). The neuroprotective effect of
VIT D supplementation was also evaluated. Our hypothesis is
that VIT D could reverse some alteration caused by OVX.

Material and Methods

Animals and Reagents

Female Wistar rats (90 or 180 days old) were obtained from
the Central Animal House of the Department of Biochemistry
at the Institute of Basic Health Sciences, Universidade Federal
do Rio Grande do Sul (UFRGS), Brazil. Animals were housed
in plastic cages and maintained at a constant temperature
(22 °C) in a light/dark cycle 12:12 h with free access to water
and protein commercial chow containing 2.000 IU/kg of vita-
min D3 (cholecalciferol) in its composition. The ethical stan-
dards followed the official governmental guidelines issued by
the Brazilian Federation of Societies for Experimental
Biology, following the Guide for Care and Use of
Laboratory Animals and Arouca Law (Law no. 11.794/
2008). Animal experimentation protocols had been approved
by the University Ethics Committee for the Use of Animals
(CEUA) under the project (#28033). All chemicals were pur-
chased from Sigma-Aldrich (St. Louis, MO, USA), except
Platinum® Taq DNA polymerase enzyme (Invitrogen, USA).

Experimental Groups

Considering that Wistar rats reach sexual maturity from the
sixth week of life (Sengupta 2013), we chose to perform OVX
in adult Wistar rats at two different ages: 90 or 180 days old.
Ninety- or 180-day-old female Wistar rats were randomly di-
vided into four groups: (1) SHAM (control: surgery without
ovaries removal), (2) OVX (surgical removal of both ovaries),
(3) VIT D, and (4) OVX +VIT D. The timeline of the exper-
imental protocol used can be seen in Fig. 1.

OVX Procedure

Animals were anesthetized by intraperitoneal (i.p.) adminis-
tration of a mixture of ketamine (90 mg/kg) and xylazine
(10 mg/kg) and subsequently subjected to a surgical procedure
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for removing both ovaries as previously described (Ben et al.
2009; Mackedanz et al. 2011). Studies from our and other
groups have already shown that OVX causes a significant
decrease in estradiol circulating levels (Monteiro et al.
2005b; Waynforth and Flecknell 1992), which confirms the
effectiveness of the procedure for this purpose.

Vitamin D Supplementation

After full recuperation from OVX (30 days), animals received
for a 30-day period, daily supplementation with VIT D (cho-
lecalciferol–vitamin D3; 200 μL once per day) by gavage.
Control groups (SHAM and OVX) received an equal volume
of vehicle (propylene glycol). Based on previous work
(Chabas et al. 2013; de Souza Santos and Vianna 2005;
Gueye et al. 2015; Salum et al. 2013), the dose of VIT D used
was 500 IU/kg/day. Animals’ weight was controlled weekly.

Approximately 12 h after the last administration, rats were
decapitated without anesthesia, and the hippocampus was re-
moved for further tissue analysis. The rats of the SHAM
groupwere decapitated at the diestrus stage of the estrous cycle,
where low plasma concentrations of estrogen are present.

Tissue Preparation to Measure of Oxidative Stress

The hippocampus was homogenized in ten volumes (1:10, w/
v) of 20 mM sodium phosphate buffer, pH 7.4 containing
140 mM KCl and centrifuged at 800×g for 10 min at 4 °C.
The supernatant was immediately frozen for subsequent oxi-
dative stress assays.

Superoxide Dismutase Assay

The assay for the measurement of the antioxidant enzyme
superoxide dismutase (SOD) activity is based on the autoxi-
da t ion abi l i ty of the reagent pyrogal lo l (1 ,2 ,3-
trihydroxybenzene) in the presence of superoxide (substrate
for SOD). The inhibition of this autoxidation occurs in the
presence of SOD, whose activity can be then indirectly
assayed spectrophotometrically at 420 nm (Marklund 1985).
A calibration curve was performed with purified SOD as stan-
dard. The results were reported as units/mg protein.

Catalase Assay

The assay for the measurement of the antioxidant enzyme
catalase (CAT) activity is based on the consumption of H2O2

measured at 240 nm in a reaction medium containing 20 mM
H2O2, 0.1% Triton X-100, 10 mM potassium phosphate buff-
er pH 7.0, and 0.1–0.3 mg protein/mL (Aebi 1984). CAT
activity was expressed as CAT units/mg protein. One CAT
unit was defined as 1 mmol of H2O2 consumed per minute.

2′7′dichlorofluorescin Oxidation Assay

The production of ROS was measured based on the oxidation
of 2′7′-dichlorofluorescein (LeBel et al. 1992). Hippocampus
supernatant (60 μL) was incubated with 240 μL of 100 μM 2′
7′dichlorofluorescein diacetate (DCFH-DA) solution for
30 min at 37 °C in the dark. DCFH-DA is cleaved by cellular
esterases, and the resultant 2′7′ dichlorofluorescin (DCFH) is
oxidized by ROS present in samples. This reaction produces
2′7′ dichlorofluorescein (DCF), a fluorescent compound,
which was measured at 488-nm excitation and 525-nm emis-
sion. The production of reactive species was calculated as
nmol DCF/mg protein.

Thiobarbituric Acid Reactive Substances Assay

The index of lipid peroxidation was determined by TBARS
according to the method described by Ohkawa et al. (1979).
Hippocampus supernatant was mixed with 20% trichloroace-
tic acid (TCA) and 0.8% thiobarbituric acid (TBA) and heated
in a boiling water bath for 60 min. TBARS were determined
by absorbance at 535 nm. The results are calculated as nmol
TBARS/mg protein.

Sulfhydryl Content

The sulfhydryl content is inversely correlated to oxidative
damage present in proteins. This assay is based on the reduc-
tion of 5,5′-dithio-bis (2-nitrobenzoic acid-DTNB) by thiols,
generating a yellow derivate 5-thio-2-nitrobenzoic acid (TNB)
whose absorption was measured spectrophotometrically at
412 nm (Aksenov and Markesbery 2001). The results are
calculated as nmol TNB/mg protein.

Fig. 1 Timeline of experimental
design for adult (upper) or older
(down) female rats
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Comet Assay

The alkaline comet assay was performed in duplicate as de-
scribed by Singh et al. (1988) in accordance with general
guidelines for use of the comet assay (Bajpayee et al. 2005;
Hartmann et al. 2003; Tice et al. 2000). Homogenized tissues
were suspended in agarose and spread onto glass microscope
slides pre-coated with agarose. Agarose cell suspension was
allowed to set at 4 °C for 5 min. To examine DNA damage,
slides were incubated in ice-cold lysis solution (2.5 M NaCl,
100 mM EDTA, 10 mM Tris, pH 10.0, and 1% Triton X-100
with10% DMSO) in order to remove proteins, leaving DNA
as Bnucleoids^. Next, slides were placed in a horizontal elec-
trophoresis chamber, covered with a fresh solution (300 mM
NaOH and 1 mMEDTA, pH > 13) for 20 min at 4 °C to allow
DNA unwind and the expression of alkali-labile sites.
Electrophoresis was performed for 20 min (25 V; 315 mA;
0.9 V/cm). Slides were then neutralized, washed in bidistilled
water, and stained using a silver staining protocol. After over-
night drying at room temperature, slides were analyzed using
an optical microscope. A total of 100 comets (50 comets from
each of the two replicate slides) were arbitrarily chosen and
analyzed. Comets were visually scored from 0 (no migration)
to 4 (maximal migration) according to tail length. From this, a
DNA damage index (DI) was created for cells ranged from 0
(all cells with no migration) to 400 (all cells with maximal
migration) (Tice et al. 2000). Slides were analyzed by at least
two different operators blinded for the experimental identifi-
cation of the groups. Scores are presented as median values.

Telomere Length Determination

The relative quantification of telomere length was performed by
real-time polymerase chain (qPCR). For each sample, two con-
secutive reactions were performed, a telomeric (T) and single
copy gene (36B4) control amplification, as previously reported
(Cawthon 2002) with modifications (Barbe-Tuana et al. 2016).

Briefly, after euthanasia, a small portion of the hippocam-
pus tissue was snap frozen in liquid N2. Genomic DNA
(gDNA) was extracted with phenol/chloroform/isoamyl alco-
hol (25:24:1) (Chomczynski and Sacchi 1987), and gDNA
(25 ng/reaction) was used as template for measurement of
relative telomere length. We used already published oligonu-
cleotide primers (O’Callaghan and Fenech 2011), specific for
rodent single copy gene (36B4, S) or human/rodent telomeres
(T) detection.

In each run, standard curves were performed for single
copy constitutive gene (S) and telomeres (T). Reactions were
done using the Platinum® Taq DNA polymerase enzyme
(Invitrogen, USA) in a StepOnePlus™ apparatus (Applied
Biosystems). We included two controls per plate, a negative
control to detect any possible contamination, and a randomly
chosen sample.

The results were analyzed when the efficiency of the reaction
was 80–110%, and linear regression coefficient of the standard
curve was R2 ≥ 0.985. Triplicates with difference ≥ 0.5 threshold
cycles (Ct) were discarded and repeated. The T/S ratio was cal-
culated by the delta delta Ct method (each sample relative to the
control group mean) using StepOnePlus™ (Software v2.2.2,
Applied Biosystems). The coefficient of variation (CoV= stan-
dard deviation/mean) was calculated to monitor the inter-plate
variation. The relative measurement of telomere length was
expressed as a mean value of the sample by the T/S ratio.

Protein Determination

The determination of total protein was performed by colori-
metric method (Lowry et al. 1951), using serum bovine albu-
min as standard.

Statistical Analysis

The data were analyzed by one-way analysis of variance
(ANOVA) followed by post hoc Tukey’s test. Non-
parametric data (telomere length) were analyzed by Kruskal-
Wallis test followed by post hoc Dunn’s test orMann-Whitney
U test. Values of p < 0.05 were considered statistically signif-
icant. All analyses and plots were performed using GraphPad
Prism 5.1 software program in a compatible computer.

Results

Tables 1 and 2 show the effect of OVX and/or VIT D supple-
mentation on oxidative status parameters in rats submitted to
OVX at two different ages: 90 or 180 days old, respectively.
Results showed that OVX at 90-day-old rats increased the
activity of the antioxidant enzyme CAT (p < 0.05), but did
not alter the activity of the antioxidant enzyme SOD
(p > 0.05). VIT D per se did not alter these parameters
(p > 0.05); however, when associated with OVX (OVX +
VIT D group), maintained increase in CAT activity observed
in OVX group (p < 0.05; Table 1). On the other hand, OVX in
180-day-old rats present a different pattern of changes on en-
zymatic antioxidant defenses (Table 2). At this age, OVX
group showed an increase in SOD activity (p < 0.005)
and no change in CAT activity (p > 0.05); VIT D per se
increased SOD and CAT activities (p < 0.005; p < 0.05, re-
spectively), and when the supplementation was associated
with OVX (OVX + VIT D), it partially reversed the in-
crease in the SOD activity caused by OVX. Regarding
the reactive species levels, lipid damage, and protein dam-
age (DCFH oxidation, TBARS levels, and sulfhydryl con-
tent, respectively), the results showed that both OVX and
VIT D supplementation did not alter these parameters in
both ages (p > 0.05, Tables 1 and 2).
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Subsequently, we evaluated the DNA damage index in hip-
pocampus from Wistar rats submitted to OVX at 90 (adult
rats, Fig. 2a) or 180 (old rats, Fig. 2b) days old and VIT D
supplemented. The results followed the same pattern in both
ages. OVX significantly increased the DNA damage index
(Fig. 2a, b; p < 0.001) when compared to control (SHAM).
VIT D per se decreased DNA damage index (Fig. 2a:
p < 0.05 and 2b: p < 0.001), but when was associated with
OVX (OVX +VIT D), it partially reversed the DNA damage
caused by OVX (Fig. 2a, b, different from SHAM and OVX
groups, p < 0.001).

Finally, we performed analysis of the telomeres length (T/S
ratio) in hippocampus of rats submitted to OVX at 90 or
180 days old with or without VIT D supplementation
(Fig. 3a, b, respectively). Figure 3a shows no statistical differ-
ence in telomeres length between the groups (p > 0.05) of rats
submitted to OVX at 90 days old; however, we observed a
tendency of decrease in telomeres length in OVX and VIT D
groups.When this parameter was analyzed in rats submitted to
OVX at 180 days old, the results showed that OVX rats have
shorter telomeres (p < 0.005; Fig. 3b); VIT D per se did not

alter telomere length (p > 0.05), and when associated with
OVX (OVX+VIT D), VIT D supplementation was able to
reverse the telomere shortening observed (p < 0.005).
Considering that the telomeres length suffers influence of nor-
mal aging, we performed additional analysis of this parameter
between the ages studied (Table 3). The results showed that
animals submitted to OVX at 180 days old presented telo-
meres shorter than those submitted to OVX at 90 days old
(p < 0.05).

Discussion

In the present study, we investigated some biochemical pa-
rameters associated with oxidative stress, DNA damage, and
telomere length in hippocampus of female Wistar rats after
bilateral ovarian withdrawal (OVX) at two different ages: 90
or 180 days old, followed by VIT D supplementation. The
hippocampus was the brain structure used because is associ-
ated with memory mechanism, and previous studies show that
OVX causes memory impairment (Monteiro et al. 2008;

Table 2 Parameters of oxidative stress in hippocampus of older ovariectomized rats and/or vitamin D supplemented

Parameters Groups

SHAM OVX VIT D OVX+VIT D

SOD activity (units/mg protein) 8.92 ± 0.96 12.08 ± 1.98** 12.6 ± 1.59** 10.59 ± 1.47

CAT activity (units/mg protein) 0.52 ± 0.05 0.45 ± 0.12 0.71 ± 0.12* 0.54 ± 0.10a

DCFH oxidation (nmol/mg protein) 222.78 ± 40.82 225.75 ± 25.81 225.86 ± 15.09 229.05 ± 38.51

TBARS levels (nmol/mg protein) 3.17 ± 0.16 3.16 ± 0.20 2.90 ± 0.38 2.93 ± 0.33

Sulfhydryl content (nmolTNB/mg protein) 44.76 ± 14.74 47.39 ± 12.78 46.18 ± 13.16 55.65 ± 11.61

Data are expressed as mean ± SD for 6–8 animals per group (one-way ANOVA followed by post hoc Tukey’s test)

Older rats submitted to OVX or SHAM at 180 days old
* Significantly different from SHAM (p < 0.05)
** Significantly different from SHAM (p < 0.005)
a Significantly different from VIT D (p < 0.005)

Table 1 Parameters of oxidative stress in hippocampus of adult ovariectomized rats and/or vitamin D supplemented

Parameters Groups

SHAM OVX VIT D OVX+VIT D

SOD activity (units/mg protein) 12.07 ± 0.89 10.99 ± 1.02 12.21 ± 1.07 11.21 ± 0.98

CAT activity (units/mg protein) 0.57 ± 0.15 0.83 ± 0.20* 0.66 ± 0.16 0.82 ± 0.11*

DCFH oxidation (nmol/mg protein) 379.18 ± 71.22 364.96 ± 46.07 325.80 ± 34.60 342.46 ± 65.51

TBARS levels (nmol/mg protein) 1.57 ± 0.34 1.54 ± 0.22 1.34 ± 0.14 1.37 ± 0.04

Sulfhydryl content (nmolTNB/mg protein) 56.69 ± 20.90 46.98 ± 6.74 41.21 ± 7.93 47.36 ± 4.13

Data are expressed as mean ± SD for 5–8 animals per group (one-way ANOVA followed by post hoc Tukey’s test)

Adult rats submitted to OVX or SHAM at 90 days old

*Significantly different SHAM (p < 0.05)
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Siebert et al. 2017; Su et al. 2012) and alters some biochemical
parameters, including energy metabolism in this brain struc-
ture of adult rats (Siebert et al. 2014).

Initially, we investigated some oxidative stress markers such
as the activities of antioxidant enzymes SOD and CAT, reactive
oxygen species production, and damage to lipid and protein in
the hippocampus. Results showed that OVX alters enzymatic
antioxidant defenses, but did not change other parameters relat-
ed to oxidative stress analyzed (levels of reactive species, pro-
tein damage, and lipids) at both ages. Rats submitted to OVX at
90 days old present an increase in CAT activity, and rats sub-
mitted to OVX at 180 days old present an increase in SOD
activity, suggesting that the effect of OVX on these enzymes
depend on the age of rats. SOD catalyzes the reaction of
dismutation of superoxide (O2•

−) in oxygen (O2) and hydrogen
peroxide (H2O2). CAT is one of the enzymes responsible for
detoxifying H2O2 (Gruber et al. 2013; Halliwell and Gutteridge
2007b). CAT activation observed in rats submitted to OVX at
90 days old may be an adaptive mechanism for H2O2 presence
that is being detoxified and therefore is not detected by oxida-
tion of DCFH, a measure used for the detection of reactive
oxygen species. On the other hand, the SOD activation ob-
served in rats submitted to OVX at 180 days old may be
resulting in an increase in H2O2 which was also not detected
by the oxidation of DCFH and did not result in the CAT acti-
vation. This H2O2, produced as a result of the SOD activation,
may be following the Fenton or Haber-Weiss reaction, forming
the hydroxyl (OH•) radicals. The OH• radical is highly reactive;
it can react and alter cellular structures and influence enzymes,
membranes, or nucleic acids (Martindale and Holbrook 2002).

Evidence indicates that the continuous presence of reactive spe-
cies may lead to upregulation of antioxidant enzymes as adap-
tive cellular strategy for oxidative stress (Finkel and Holbrook
2000; Halliwell andGutteridge 2007a; Halliwell andWhiteman
2004; Poljsak andMilisav 2013). Therefore, we cannot rule out
the presence of oxidative stress in these animals. Since the
DCFH oxidation was not altered, the increase in antioxidants
enzymes activities may be reflecting a compensatory mecha-
nism for the production of reactive species present over time
after OVX.We also observed that VIT D per se increased SOD
and CATactivities in older rats, but when it was associated with
OVX (OVX +VIT D), the activities of SOD and CAT de-
creased; therefore, when the VIT D was supplemented to rats
with intact ovaries, there was an increase in activities of antiox-
idant defenses of CAT and SOD.

Considering the neuroprotective properties already de-
scribed for estrogens and also VIT D (Annweiler et al. 2014;
Arevalo et al. 2015; Green and Simpkins 2000; Kesby et al.
2011), we investigated the presence of DNA damage index in
hippocampus of rats submitted to OVX at 90 or 180 days old
and subsequent VIT D supplementation. Results showed that
OVX caused an increase in DNA damage index at the same
pattern of alteration at the two ages studied. VIT D per se
reduced the DNA damage index and partially reversed the
effect of OVX on this parameter. Since that oxidative stress
may promote damage to lipids and proteins as well as DNA
(Halliwell 2007; Silva and Coutinho 2010), and that in our
study we observed that OVX provokes alteration in antioxi-
dant enzymes and damage to DNA, but not to lipid and protein
(measured by TBARS and sulfhydryl contents), we could not

Fig. 2 Effect of ovariectomy and
vitamin D supplementation on
DNA damage from adult [OVX at
90 days old (a)] and older rats
[OVX at 180 days old (b)].
Results are expressed as mean ±
S.D. for 6–8 animals each group.
*p < 0.05; ***p < 0.001 (one-way
ANOVA followed by post hoc
Tukey’s test). OVX ovariectomy,
VIT D vitamin D, DI damage
index

Fig. 3 Effect of ovariectomy and
vitamin D supplementation on
telomere length from adult [OVX
at 90 days old (a)] and older rats
[OVX at 180 days old (b)].
Results are expressed as median
and interquartile range for 6–8
animals each group. **p < 0.005
(Kruskal-Wallis followed by post
hoc Dunn’s test). OVX
ovariectomy, VIT D vitamin D
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exclude other mechanisms that may be occurring due to a
direct or indirect effect of oxidative stress in ovariectomized
animals (suggested by adaptation of antioxidant enzymes). It
is also important to remember that in our study, the surgical
procedure of OVX was performed 2 months before of the
decapitation of the animals; therefore, the changes observed
can have been accumulated over the 60 days of OVX.

The relationship between DNA damage and aging has been
widely studied (Fei Fang et al. 2016; Ribezzo et al. 2016;
Schumacher et al. 2008). Both oxidative stress and DNA dam-
age can cause shortening of telomeres and consequently accel-
erate senescence (Bernadotte et al. 2016; Correia-Melo et al.
2014); therefore, in this study, we also investigated the telomere
length in hippocampus of Wistar rats submitted to OVX at 90
and 180 days old and subsequent VIT D supplementation. In the
animals submitted to OVX at 90 days old, the OVX and VIT D
per se groups presented a tendency of the decreased telomere
lengths, but this was not significant. In 180-day-old rats submit-
ted to OVX, we observed that OVX significantly reduced the
telomere length, and the VIT D supplementation (OVX+VIT
D) returns this change at SHAM-group level. In addition, our
results show that normal aging of the animals of this study does
not cause telomere shortening, represented by similar mean telo-
mere length of SHAM animals at both ages. Nonetheless, OVX
is a factor that stimulates telomeres attrition of rats submitted to
OVX at 180 days old when compared to the rats submitted to
OVX at 90 days old (p< 0.05). These observed telomeres short-
ening can be explained by the presence of DNA damage, since
that the presence of oxidative DNA damage can accelerate this
process (Goronzy et al. 2006; Yip et al. 2017). In addition, the
OVX may be causing a reduction in the activity or in overall
levels of telomerase, resulting in shortening of telomeres. The
critical shortening of telomeres renders the end of the chromo-
some unprotected, thus, occurs subsequent DNA damage re-
sponses and activation of signaling pathways that induce repli-
cative senescence or apoptosis (Artandi and Attardi 2005;
Smogorzewska and de Lange 2002). These events may com-
promise homeostasis and tissue function eventually leading to
organism aging, signaling senescence (Chen et al. 2007).

We also explore the effects of VIT D supplementation on
hippocampus in 90 or 180 days old rats submitted to OVX.We
observed some effects of VIT D per se and others resulting
from its association with OVX, reversing OVX effects. The
different actions of VIT D in the body have been studied, in-
cluding regulation of neurotransmission, neuroprotection, and
immunomodulation (Dursun et al. 2011; Spach and Hayes
2005), as well as in the regulation of calcium-mediated neuro-
nal excitotoxicity and reduction of oxidative stress (Mpandzou
et al. 2016; Tarbali and Khezri 2016). The beneficial effects of
VIT D supplementation in ovariectomized rats observed in this
study on DNA damage in both ages and telomere shortening in
older rats could open perspectives for new studies to discover
the mechanisms involved in these actions.

These data together suggest an imbalance in the antioxidant
system that could corroborate, at least in part, with DNA dam-
age and telomeres shortening observed in OVX group. VIT D
appears to be beneficial in reversing, principally, the effects of
OVX in older rats. Although hormonal changes due to OVX
are well described in the literature, our results do not allow us
to discuss the mechanisms involved without further studies
addressing the more specific mechanisms of action. Our re-
sults constitute a preclinical study that opens perspectives for
other studies involving OVX effects and auxiliary therapies.
We hope, with our findings, to assist in the understanding and
knowledge of brain alterations that may be present in post-
menopausal women and in this way contribute to the advance-
ment of research in this area.
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