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ABSTRACT

As an antioxidant, Vitamin D, can protect neurons from damage caused by oxidative stress.
Ethanol is known to have neurotoxic effects by inducing an increase in oxidative stress. One of
the brain regions that is most sensitive to neurotoxic effects induced by ethanol is hippocampus,
especially its CA1 region. This study was aimed to determine the neuroprotective effects of
vitamin D, in preventing the apoptosis in CA1 hippocampal pyramidal cells induced by ethanol.
Fifteen male Wistar rats (Rattus norvegicus) were randomly divided into three groups. The control
group was given daily normal saline solution intraperitoneally. The ethanol group was given
20% ethanol solution at a dose of 3 g/kg BW/day intraperitoneally. The vitamin D, group was
given vitamin D, 1 ug/kg BW/day in 20% ethanol solution at a dose of 3 g/kg BW/day
intraperitoneally. After 30 days, the rats were sacrificed, their brains were perfused with PBS
followed by fixative and the hippocampus was dissected for histological preparations.
Immunohistochemical staining for caspase was performed. Percentage of apoptotic CA1
hippocampal pyramidal cells was calculated. The results showed there was no significant difference
(p> 0.05) on the total number of pyramidal cells between the control group (20.52 + 1.31), the
ethanol group (19.02 = 1.60), and the vitamin D, group (21. 06 + 0.70) per field of view.
However there was a significant increase (p<0.05) in the percentage of apoptotic CA1
hippocampal pyramidal cells in in the ethanol group (16.09 = 0.67%) compared to the control
group (10.60 + 0.95%). Vitamin D, significantly (p <0.05) prevented an increase in the percentage
of apoptotic CA1 hippocampal pyramidal cells in the vitamin D, group (10.82 + 0.64%). In
conclusion, vitamin D, had a neuroprotective effect to prevent an increase in apoptosis in CA1
hippocampal pyramidal cells to the neurotoxic effects induced by ethanol.

ABSTRAK

Vitamin D, dapat berperan sebagai antioksidan untuk melindungi neuron dari kerusakan akibat
stres oksidatif. Efek neurotoksik akibat stres oksidatif dapat diinduksi oleh etanol. Hippocampus,
khususnya lapisan CA1, merupakan salah satu bagian otak yang paling rentan terhadap efek
neurotoksik etanol. Tujuan penelitian ini adalah untuk mengkaji efek neuroprotektif vitamin D,
untuk mencegah apoptosis sel piramidal di CA1 hippocampus terhadap efek neurotoksik yang
diinduksi oleh etanol. Lima belas ekor tikus galur Wistar (Rattus norvegicus) jantan dibagi secara
random ke dalam 3 kelompok perlakukan. Kelompok kontrol diberi larutan NaCl fisiologis secara
intraperitonial (IP). Kelompok etanol diberi larutan etanol 20% dengan dosis 3g/kgBB/hari secara
IP. Kelompok vitamin D, diberi vitamin D, dosis 1 wug/kg BB/hari dalam larutan etanol 20%
dengan dosis 3 g/kg BB/hari secara IP. Setelah perlakuan selama 30 hari, tikus diperfusi dan
diambil bagian hippocampusnya untuk dijadikan preparat histologi. Kemudian dilakukan
pengecatan imunohistokimia untuk penilaian persentase jumlah sel piramidal di CA1 hippocampus
yang mengalami apoptosis. Hasil penelitian menunjukkan tidak ada perbedaan bermakna (p>0.05)
jumlah total sel piramidal antara kelompok kontrol (20,52 + 1,31), kelompok etanol (19,02 +
1,60), dan kelompok vitamin D, (21,06 = 0,70) per lapangan pandang. Namun terdapat
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peningkatan secara signifikan (p <0,05) persentase piramidal di CA1 hippocampus yang mengalami
apoptosis pada kelompok etanol (16,08 + 0,65 %) dibandingkan dengan kelompok kontrol (10,61
+ 0,94%). Pemberian vitamin D, secara signifikan (p<0,05) dapat mencegah peningkatan
persentase sel piramidal di CA1 hippocampus yang mengalami apoptosis pada kelompok vitamin
D, (10,82 + 0,62%). Dengan demikian dapat disimpulkan bahwa vitamin D3 memiliki efek
neuroprotektif untuk mencegah peningkatan apoptosis sel piramidal di CA1 hippocampus terhadap

efek neurotoksik yang diinduksi oleh etanol.
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INTRODUCTION

Vitamin D,, a fat-soluble vitamin, is
metabolized in the body into an active form
which hasvariousbiological effects, including
its classical effect as a regulator of calcium
metabolism.* Other variousnon-classical effects
of vitamin D, has been widely reported,
including as regulator of hormone secretion,
immune responses, and cellular proliferation
and differentiation.*Vitamin D, isalso reported
to act as amembrane antioxidant that protects
neurons from damage caused by oxidative
stress.®

Vitamin D, accumul atesin cell membranes
and decreases lipid peroxidation.* Lin et al.®
showed that vitamin D, has a neuroprotective
effect against zinc-induced apoptosis in the
substantia nigra. Moreover, Landfield and
Cadwallader-Neal ¢ reported that long-term
treatment with calcitriol (1,25-dihydroxy-
vitamin D) inhibit decreasein neuronal density
of hippocampal CALl in aging rats. Sardar et
al.”mentioned that vitamin D, may function as
anantioxidant. Itisassumed that its effectiveness
is higher than that observed with vitamin E
supplementation.

Apoptosisthat ismediated by theincreased
oxidative stress can beinduced by varioustypes
of inducers, such as pathophysiologic
conditions, physiologic stimuli, pesticides,
drugs, and others.2 Alcohol or ethanol is one of
the compounds that has been widely known to
cause neurotoxic effects that can induce

apoptosis of brain neurons due to increased
oxidative stress.®

Eventhough excessive consumption of
alcohol has been reported for a long time to
cause permanent organ damage or even death,
alcohol beverages are still widely consumed
worldwide.*® According to WHO," for the last
40 years, alcohol consumption per capita for
adult population older than 15-year-old in
Indonesiatends to increase. In 1961, the level
of alcohol consumption was equal to 0.02 liter,
and in 2001 increased 5 times as much,
estimated to be 0,1 liter.t

Many studies demonstrated neurotoxic
effectsof acohol onthe central nervous system,
either in adult or developing fetal . Damage of
the adult brain caused by alcohol results in
cognitive deficits such aslearning and memory
impairment.** Meanwhile, alcohol consumption
during pregnancy and lactation period can lead
tofetal brain dysfunction by inducing apoptosis
of brain neurons.’***The mechanisms by which
alcohol induces neuronal apoptosisare not well
understood.’® Severa studieshave examined the
role of oxidative stress on alcohol-mediated
neurcotoxicity, possibly viatheformation of free
radicals that leads to cellular damage and
death.®®

Duetoitslow concentration of antioxidant,
brain tissue is susceptible to damage induced
by oxidative stress. Hippocampus and cere-
bellum areregionsin the brain most susceptible
to damage induced by oxidative stress.®
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Narwanto!’reported that asignificant decrease
in the number of pyramidal cells in CA1l
hippocampus occured after ethanol
administration. Severa studieshave shown that
antioxidant supplementation may reduce the
neurotoxic effects of ethanol .®*°Neuroprotective
effects of vitamin D, toward neuronal damage
caused by ethanol-induced oxidative stress need
further investigation to reveal the role of
vitamin D, as an antioxidant. The aim of this
study wasto evaluate whether vitamin D, could
prevent apoptosis of pyramidal cells in rats
hippocampal CA 1 induced by ethanol.

MATERIALS AND METHODS

Animals

Fifteen adult male Wistar rats (Rattus
norvegicus), two-month-old, weighed = 200 g,
were used in this study. The animals were
acquired from Department of Pharmacology and
Therapy, Faculty of Medicine, Gadjah Mada
University, Yogyakarta. All animals were
housed in cages with the size of 40 x 30 x 15
cm® and covered with woven wire. Each cage
contained one rat. Food and water were
available ad libitum. The study was approved
by the Medical and Health Research Ethics
Committee, Faculty of Medicine, Universitas
Gadjah Mada, Yogyakarta.

Treatments

After an adaptation period of 7 days, the
animals were randomly divided into three
groups: control, ethanol, ethanol and vitamin D,
groups. Each group consisted of 5 rats. The
control group received normal saline solution
daily. Ethanol group received 20% ethanol (3
g/kg BW) once aday. Ethanol and vitamin D,
group received ethanol plus vitamin D,
(Cdlcitriol, Merck-Darmstadt, Germany; 1 ug/
kg BW) once daily, administered intraperito-
neally. Vitamin D, was diluted in 20% ethanal;

pyramidal cells of rat hippocampus

so that the solution contained 1 pg of vitamin
D, per MI. The treatments were given intra-
peritoneally for 30 days. For dosage
calculation, rat body weight was measured once
for every other day.

Sampel preparation

On the 31% day, al rats were sacrificed.
Ratswere anesthetized with chloroform and then
transcardially perfused with PBS solution for
10 minutes, followed by 4% formaldehyde
solution for 20 minutes. Decapitation was
performed and the brain was immediately
removed and fixed in 4% formalin solution.
Paraffin blocksof brain tissue were made based
on therat stereotaxic map by lifting theregion
containing the hippocampus by cutting the rat
brain in the coronal plane with a distance of -
3.80 mm from bregma.

Assessment of apoptosis

The paraffin blockswere serially sectioned
in the coronal plane. The thickness of each
section was 4 im. Four consequtive sections
with the distance of 100 im from one another
were collected from each brain. Then
immunohistochemical staining was performed
using antibody Anti-ACTIVE® Caspase-3 pAb
(Promega). Tissue sectionswere deparaffinized
by immersing themin xyleneand then rehydrated
through a graded series of ethanol solutions.
Subsequently, the slides were washed in PBS/
Triton® X-100 0.2% and PBS sol ution.

The next process were blocking with
Background Sniper (Biocare) and then
incubating them with primary antibody Anti-
ACTIVE® Caspase-3 pAb (Promega). After
washed in PBS/Tween® 20 0.1% and PBS
solution, the slides were incubated with
secondary antibody Trekkie Universal Link
(Biocare). Then streptavidin, that had been
labeled with a peroxidase enzyme, and 1,3-
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diaminobenzidin (DAB) substrate were added
and counterstained using hematoxylin staining.
Furthermore, the slides were washed and
dehydrated through a grade series of ethanol
solutions, On the cover dip mounting mediawas
given and then placed on aglass object.

After dried, the dlideswere observed under
alight microscope using 400x magnifications,
and then apoptotic pyramidal cells in CA1
hippocampuswere determined by counting them
in each section per 25 fields of view. The
number of apoptotic pyramidal cells was
presented as percentage (%).

Satistical analysis

The data were presented as mean = SD.
The quantitative data on the percentage of
pyramidal cells (ratio scale) were statistically
analyzed by the one-way ANOVA, followed by
Tukey HSD as a post hoc analysis and p<0.05
was accepted as statistically significant. All
calculations of statistical analysis used SPSS
version 18 for Windows.

RESULTS

On examination by light microscope, there
were no significant differencesin morphologic
appearance in CA1 hippocampal pyramidal
cells, either normal or apoptotic cells, among
the three groups. Using hematoxylin counter-
staining, the substantia Nissl and the nucleoli
looked dark purple-blue, the cell nuclei looked
blue-transparent in CA1 hippocampal
pyramidal cells, with no background color.
Whereas pyramidal cells which undergoing
apoptosis (expressing active caspase-3) by
immunohistochemical staining with antibody
Anti-ACTIVE® Caspase-3 pAb (Promega)
looked brown on their cell nuclei (FIGURE 1).

FIGURE1l. CAL1l hippocampal pyramidal cells.
Immunohistochemical staining with
antibody Anti-ACTIVE® Caspase-3 pAb
(Promega), the cells which undergoing
apoptosis looked brown, 400x magni-
fication, A: control group, B: ethanol
group, C: vitamin D, group
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The results of this study showed that the
average total number of CA1 hippocampal
pyramidal cellsper field of view inthe control,
ethanol and vitamin D, groups were 20.52 +
1.31, 19.02 + 1.60, and 21.06 £+ 0.70,
respectively (FIGURE 2). There was no
significant difference found among the three
groups (p>0.05).

-
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FIGURE2. The total number of pyramidal cells in
the CA1 hippocampus per field of view
(mean £ SD).

The average percentage of CA1 hippo-
campal pyramidal cells which undergoing
apoptosis per field of view in the control,
ethanol and vitamin D, group were 10.61 +
0.94%, 16.08 + 0.65%, and 10.82 + 0.62%
respectively (FIGURE 3). Theseresultsshowed
that the percentage of pyramidal cells which
undergoing apoptosisin the ethanol group was
greater thanthe control group and vitamin D,,. It
wasfound that therewasasignificant difference
in the percentages of CA1 pyramidal cells
between the ethanol group withthe control group
and vitamin D (p<0.05).
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FIGURE 3. The percentage of pyramidal cellswhich
undergoing apoptosis in the CA1l
hippocampus per field of view (mean
SD)

DISCUSSION

No significant differenceintheaveragetotd
number of CA1 hippocampal pyramidal cells
among the three groups was observed in this
study. This result showed that ethanol
administration at a dose of 3 g/kg/day for 30
days did not lead to a decrease in the average
number of pyramidal cells per field of view in
the CA 1 hippocampus.

These results were inconsistent with the
previous study reported by Narwanto!’ that
showed a decrease in the number of CA1
hippocampal pyramidal cells after ethanol
administration by intraperitoneal injection at a
dose of 3 g/kg/day for 30 days. Lundgvist et
al.*8also reported that ethanol administration
intraperitoneally at adose of 3 g/lkg/day for 30
dayscaused asignificant decreasein the number
of pyramidal cellsin CA2-CA3 hippocampus.
Moreover, Lukoyanov et al.'® showed a
significant decreasein the number of pyramidal
cells in CA1 (18%) and CA3 (19%)
hippocampusinduced by ethanol orally with an
average dose of 7.5 g/kg/day for 13 months.
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Several possibilities could explain the
differencesin theresultsof thisstudy. Thefirst
possibility isthe duration of ethanol exposure.
Renis et al.?? demonstrated that a number of
biochemical alterations was a consequence of
ethanol administration. Several changes
occurred immediately after exposureto ethanol,
such as intracellular decreases in GSH
concentration and partial inactivation of
respiratory chain complexes. Potential targets
such asnuclear and mitochondrial DNA belong
to the category of cytological or subcellular
structureswhich requirelonger exposuretimes
to the oxidative effects of ethanol. While the
study by Franke et al.? mentioned that ethanol
administration for 4 weeks did not cause a
significant changein thetotal number of neurons
compared to control groups, there was an
increasing number of pyramidal and granular
cellsthat were damaged.

The second possibility is related to the
method for counting the number of pyramidal
cells in CA1 hippocampus. In this study the
average total number of pyramidal cells per
field of view was obtained from the cal culation
at 25 fields of view of 4 sections with a
thickness of 4 um and di stance between sections
of 100 um. Narwanto’ used the cal cul ation of
average total number of pyramidal cells per
field of view from 3 sections of preparations
with athickness of 4 um and distance between
sections of 10 sections (= 40 um). While
Shirpoor et al.** used the calculation from 10
sections with athickness of 5 um and distance
between sections of 10 sections (= 50 um).
Currently, one of the methodsthat are considered
more valid to obtain the estimation of total
number of neurons in the hippocampal region
isthe stereol ogy method, which oneof itsnewest
methodsisoptical fractionator. Fromthe current
methods, it will be obtained unbiased estimation
of total number of neurons.? Thisresearch did
not use such methods because of limited fund

and quantity of the primary antibody used for
immunohistochemical staining, considering the
optical fractionator method takes about 18-22
sections for each sample.®

Another possibility that could explain the
differences in these results is that there are
differential vulnerabilities within CA1
pyramidal cell layer through the dorsal-ventral
plane. This would explain findings from
previous reports that had targeted a specific
region rather than the entire extent of the
hippocampal formation.?

This study showed that the percentage of
pyramidal cellswhich undergoing apoptosisin
the ethanol group was greater than the control
group and vitamin D,. This result was
consistent with previous study by Shirpoor et
al.’° that showed a significant increase in the
percentage of apoptotic hippocampal cellsin
al layers of the hippocampus, including CA1,
CA2, CA3, and gyrus dentatus after ethanol
administration by subcutaneousinjection for 35
days (14 days prenatal and 21 days postnatal).

Inthe control group it was obtained that the
percentage of pyramidal cellsin CA1 hippo-
campus which undergoing apoptosis was
10.61%. This result showed that even normal
hippocampal neuronsalso underwent apoptosis.
Ferrer et al.2*reported apoptosisrates of about
7-8% in the rat hippocampus during the early
postnatal period. This study found a higher
apoptosisrates. Thiscan be explained by study
of Engelmann et al.® who reported that the
treatments on the Morris water maze were a
form of stressor for the animals.

The mechanismsof ethanol that caninduce
apoptosis of brain neurons are not well
understood.’® Three possibilities should be
considered to explain the neurotoxic effects of
ethanol. First, the lipid-soluble properties of
ethanol have biological effects that can
physically denaturate or disaggregate cellular
macromol ecules (e.g., mitochondria, reticulum
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endoplasmikum, etc.). Second, the cytotoxic
effects of ethanol are linked to its metabolic
fate and are most probably mediated by the
formation of free radicals via oxidative meta-
bolic pathways of ethanol.®*®* Ethanol can
increase ROSformation by inducing cytochrome
p4502E1 (CY P2EL), which iswidely distribut-
ed in braintissue.? Third, the cytotoxic effects
of ethanol result from acombined influence of
itsphysical properties, chemical, and metabolic
properties.® In physiologic conditions, intra-
cellular antioxidants will convert freeradicals
into compoundsthat are not harmful tothecells
so it can protect the cellsfrom damage induced
by free radicals.?” Low concentrations of anti-
oxidants causes brain tissue to be susceptible
to damageinduced by oxidative stress. Chronic
ethanol administration has been proven to be
ableto reducethelevel of antioxidant enzymes,
e.g. glutathione peroxidase, and interfere with
glutathione homeostasis.?? Hippocampus and
cerebellum are regions of the brain which are
most susceptible to damage induced by
oxidative stress, because those regions have
lower antioxidant activities.’® The failure of
protection mechanisms of antioxidants due to
excessive production of free radicals and
decrease in the activity of scavenger enzymes
causelipid peroxidation which leadsto cellular
damage or death. Thisisproved by Shirpoor et
al.1° that showed significant increasein levels
of lipid hydroperoxide and protein carbonyls
inthe hippocampusand cerebellum induced by
ethanol compared to control group.

Using one-way ANOVA statistical test
followed by Tukey HSD asapost hoc analysis,
it was found that there was a significant
differencein the percentages of CA1 pyramidal
cells which undergoing apoptosis between
vitamin D, group and ethanol group, whereas
between vitamin D, group and control group
obtained result of no significant difference in
the percentages of CA1 pyramidal cellswhich

pyramidal cells of rat hippocampus

undergoing apoptosis. Theresultsare consistent
withthestudy by Lin et al .° that showed vitamin
D, administration at adose of 1 pug/kg/day had
neuroprotective effects against apoptosis
induced by zinc in the substantianigra. While
Landfield and Cadwallader-Neal® showed that
long-term treatment with calcitriol (1,25-
dihydroxy-vitamin D,) inhibitsdecreasein CA1
hippo-campal neuronal density due to aging
process.

The mechanisms of vitamin D, that can
reduce the neurotoxic effects induced by
oxidative stress may be explained by the
following three mechanisms. First, the
protective effects of antioxidants to oxidative
stressinduced by ethanol may be derived from
the modulation of expression of survival-
promoting molecules, e.g. from bcl-2 gene
family. Several studies have shown that
survival-promoting proteins, e.g. Bcl-2 and Bcl-
xl, play arolein antioxidant pathway to inhibit
apoptosis, and even over-expression of these
proteins can inhibit the oxidation process, e.g.
lipid peroxidation.?® Vitamin D, has been
reported to play a role in upregulation of
neurotrophic factors, suchas GDNF (glia cell-
derived neurotrophic factor), which can prevent
brain damage caused by the ischemic process
and neurotoxicity induced by oxidative stress.®
Ibi et al.* reported that vitamin D, did not play
role directly as a scavenger of free radicals,
but rather inducesthe synthesis of proteinsthat
provide neuroprotection effect against the
cytotoxic effectsinduced by ROS.

Variousphysiological effectsof vitamin D,
are mediated by VDR.* VDR arelocalized in
pyramidal and granular cell layersin CA1, CA2,
CA3, and gyrus dentatus. The interaction
between vitamin D, and its receptor stimulates
the synthesis of neurotrophic factorsinvolved
in neuroprotective processin the central nervous
system.?! Current in vitro studies also show
vitamin D, increases intracellular glutathione
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content and can protect dopaminergic neurons
against the effects of glutamate ROS
neurotoxicity on the mesencephalic culture®

Second, vitamin D, acts as a membrane
antioxidant that protects neuronsagainst damage
caused by oxidative stress.® Vitamin D,
accumulatesin the cell membrane and reduces
lipid peroxidation.* Several studies have
mentioned that the antioxidant function of vitamin
D, may be more potent than vitamin E,
melatonin, and estrogen.>’ Third, vitamin D, has
a protective effect by regulating Ca?*
homeostasisinbrain cells. Vitamin D, isknown
to affect the taking of Ca?" in some inducible
cells and to modulate voltage-sensitive Ca?*
channel. Thisisproved in studies with culture
of hippocampal neurons, in which vitamin D,
can have astrong neuroprotective effect against
glutamate-mediated cytotoxity.®

Therefore, further studieson the mechanism
of action of vitamin D, in neurons are still
needed. Thus, vitamin D, can be devel oped into
one of the more potent antioxidant alternatives
to prevent the degenerative effectsinduced by
toxic compounds, such as ethanol and other
oxidants.

CONCLUSION

It can be concluded that vitamin D, at adose
of 1 pg/kg/day hasaprotective effect to prevent
an increase apoptosis in CA1 hippocampal
pyramidal cells in male Wistar rats (Rattus
norvegicus) induced by ethanol at a dose of 3
o/kg/day for 30 days.

Further experimental studies will be
performed to evaluate neuroprotective effects
of vitamin D, to the neurotoxic effectsinduced
by ethanol oninfant rats (prenatal and postnatal
periods), the function of spatial working
memory, and theinvolvement of other brain parts
which are also more susceptible to neurotoxic
effects, such asthe cerebellum.
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