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Do we damage nucleus pulposus tissue while treating
cerebrovascular ischemic neurological deficits with
nimodipine?
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Abstract

Aim: Nimodipine is used to prevent cerebrovascular-originated ischemic neurological deficits, yet its effects on nucleus pulposus
(NP) cells or annulus fibrosus (AF) cells weren't studied. This study aimed to examine nimodipine's effects on vitality and proliferation
of chondroadherin (CHAD), type Il collagen (COL2AT), and hypoxia-inducible factor 1 alpha (HIF Ta) gene expression in human
primary NP/AF cells.

Material and Methods: NP/AF cell cultures obtained from 6 patients who underwent microdiscectomy were treated with 100
pUMolar nimodipine and analyzed at 0, 24, and 48 h. Data were evaluated using one-way ANOVA and post-hoc Tukey HSD with 95%
confidence interval.

Results: We observed suppressed cell proliferation and increased necrosis in nimodipine-treated NP/AF cell cultures, especially
degenerated tissue. COL2A1 gene expression wasn't detected in any experimental groups. CHAD and HIF Ta expression had time-
dependent decreases in control. CHAD and HIF Ta expression were found to decrease at 24h, but increased at 48h in degenerated
tissue. In nimodipine-applied intact tissues, CHAD expression was stable at 24h but 1.62 times higher than control at 48h. HIF 1a
levels were lower than control.

Conclusion: In nimodipine-treated degenerated AF/NP cultures, CHAD and HIF Ta expressions had time-dependent decreases.
However, after complete RT-PCR data evaluation, no correlation between nimodipine application and gene expression occurred.
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INTRODUCTION tissues. Experimental setups are frequently comprised
of tissues obtained from animals (3). However, it has
been emphasized in the literature that studies performed
on animal tissues may be inapplicable to human tissue
because of differences in tissue sensitivity (4).

Toxicity is a major problem for the drug industry. Predictive
research projects are urgently needed to determine drugs
with a potential to cause toxicity so that appropriate

measures can be taken (1).
Commercial cell lines have been used in studies as an

alternative to animal tissues (5-7). However, it is known
that commercial cell lines contain monotype cells, have
a microenvironment such as an extracellular matrix, and
that their phenotypic and genotypic characteristics may
change. Thus, results from commercial cell line studies
may also be unreliable (4,8).

With the developments in pharmaceutical technology
and regenerative medicine, questions about the toxicity
of drugs on a molecular level and how to repair damaged
tissues have been raised. Regenerative studies have been
carried out in surgical sites and other branches of medicine
that make use of tissue engineering for the purpose of
preserving skeletal muscles or repairing damaged tissues
(2). Simultaneous with these studies are studies examining  No animal tissues or commercial cell lines were used in
the toxic effects of drugs on healthy intervertebral disc the current study of nimodipine effects. Therefore, we are
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of the opinion that our results are of particularimportance.
Nimodipine is used to prevent cerebrovascular-originated
ischemic neurological deficits. It is especially used
following subarachnoidal bleeding, to inhibit and treat
neurologic deficits due to cerebral vasospasm.

Intreatmentswhere,cerebrovascularischemicneurological
deficits are prevented, it is known that nimodipine has
been used if prevalent cerebral edema in brain tissue, and
a corresponding increase in intracranial pressure, existed.
Side effects such as headaches, gastrointestinal symptomes,
nausea, and flushing are reported. If the initial dose is high,
reported side effects include perspiration, decreasing blood
pressure, listlessness, nervousness, decreased heart rate,
and in rare instances, increased heart rate (1,9,10).

There are studies indicating that there is no deterioration in
fertility of next-generation rats when nimodipine is taken at
30 mg/kg/day (11). A cardiotoxicity study was performed
on zebrafish that reported “nimodipine treatment resulted in
atrial arrest with much slower but regular ventricular heart
beating” (1). Pregnant rats were given 10 mg/kg/day during
embryogenesis, and no detrimental effects were found
(12,13).

Many drugs, whether taken orally, injected, or any other
method of delivery, accumulate in tissues, especially in
compartments of synovial liquid (4,8), and some research has
shown nimodipine accumulation in NP cell tissue (14,15).

Nimodipine has some negligible effects on atrioventricular
node transmission much the same as other dihydropyridine
subgroup drugs. Although verapamil and diltiazem have
balanced effects on sinoatrial nodes, atrioventricular nodes,
and calcium channels in vascular shapes, nimodipine
and other dihydropyridine groups are mainly effective in
vascular structures, causing strong peripheral vasodilatation
(16). When nimodipine is taken orally, the possibility of
hypertension is higher than when taken intravenously (17),
and it has been reported that cardiac dysfunction deteriorates
in subarachnoidal bleeding cases (18).

With the purpose of preventing ischemic neurologic deficits
caused by vasospasm following subarachnoidal bleeding,
nimodipine infusion is applied for 5 to 14 days along with
6x60 mg/d posology for 7 days. The treatment consists of
5 days given as an infusion and 7 days given orally, with the
total dosage slightly exceeding 2970 mg.

We found no reports in the literature indicating this drug
has any neuropharmacological or psychopharmacologic
characteristics or cerebral antivasoconstrictive and
antiischemic activities on nucleus pulposus (NP) or annulus
fibrosus (AF) cells. The current study aimed to examine the
effects of a pharmacological agent with nimodipine active
ingredients on human primary NP/AF cells at a molecular
level.

The present study a pioneering work in the literature as
nimodipine was examined in human primary NP/AF cell
cultures. At a pharmaco-molecular level, the study aimed
to analyze the effects of nimodipine on chondroadherin

(CHAD) (19, 20); NP-specific marker proteins; type Il collagen
(COL2AT1) (21), which is responsible for extracellular matrix
development; and hypoxia-inducible factor 1 alpha (HIF
1d) (22), which is induced by hypoxia and is a continuous
expression of the NP-specific marker.

MATERIAL and METHODS

The present scientific research project was carried out with
the approval of the research ethics committee of the School
of Medicine of Namik Kemal University for the purpose of
examining tissue materials used for the isolation of NP/
AF cells. The experiments were performed after informed
consent had been obtained from the patients. Pure human
primary NP/AF cell cultures without nimodipine were used in
the control group.

Researchers did not know the dosages of drugs in each of
the groups. They were blind to culture environment content,
even in the control groups. In order to minimize experimental
errors, analyses were performed by the same researchers. All
analyses and experiments were repeated 3 times.

Study Design

Human primary NP/AF cell cultures that had been obtained
from 2 different anatomic sites were prepared and, afterward,
were tested at 0, 24, and 48 h.

Thecell culturesweremonitored usinganinverted microscope.
Nimodipine was prepared in appropriate solutions and
concentrations. In the well plates, color-coded agents were
added, and an extra plate from each treatment was set
aside for 3 (4,5 dimethylthiazol 2 yl) 2,5-diphenyltetrazolium
bromide (MTT) analysis, acridine orange/propidium iodide
(AO/PI) staining, and real-time polymerase chain reaction
(RT-PCR) analysis.

Selection Criteria of Tissue Donor Cases

Tissues were obtained from patients who had applied to
clinics with complaints of lumbar or leg pain and were pre-
diagnosed as having lumbar disc hernia after initial physical
and neurologic examinations. Magnetic resonance imaging
(MRI) was used in these cases before surgery.

The cases in the experimental group were those determined
to have degenerated disc hernias, which compresses
nerve roots and the spinal cord (Figure 1A). Ratings of disc
degeneration were determined by using modified Pfirrmann
classification by means of T2 weighted MRI (23).

It was aimed to include 15 cases in the study. However, in
cases where the patient had malignancy (n=1), where a
biological agent was applied (n=1), had addictions to alcohol
and smoking (n=2), took beta-blocker drugs (n=2), took
cytochrome CYP 3A4 grouped drugs such as erythromycin
(n=1), or took fluoxetine (n=2) were excluded from the study.

Tissues were obtained from six cases (average age
42.17+13.78 years) by means of microdiscectomy. The
tissues were placed in Falcon tubes for the purpose of
collection of human primary NP/AF cell cultures (Figure 1B).

The control group included 15 samples at the start of the
research. These cases were volunteers who had applied in
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the emergency department following a spinal trauma. After
cases with vertebral fracture and spinal cord compression
were brought into the study, primary cultures were prepared
(Figure 1C).

Following preoperative lumbar MRI evaluations, six cases
of spinal instability or traumatic intervertebral disc hernia
and were treated with posterior transpedicular stabilization,
laminectomy or discectomy were included in the study.

The control group comprised cases with non-degenerated
and healthy tissues (Figure 1D). We paid attention to select
similar cases in both the control and experimental groups in
terms of gender, age, and body mass index (average age
44.74+12.41 years).

Figure 1. a-d. Sagittal (a) T2-weighted MR images show L4-5
sequestrated intervertebral disc herniation, (b) degenerated
intervertebral disc tissue resected after lumbar microdiscectomy
from this case, sagittal (¢) T2-weighted MR images show L1
compression fracture after spinal trauma, (d) intact intervertebral
disc tissue resected after surgery from this case.

Resection of Tissues and Preparation of Primary Cell
Cultures

Disc and granulation tissues were transferred to the
laboratory in culture medium (Dulbecco's Modified
Eagle’s Medium [DMEM], Cat#41965062, Gibco, Dublin,
Ireland) supplemented with 1% penicillin-streptomycin
(Cat#15140122, Gibco, Dublin, Ireland), 15% fetal bovine
serum ([FBS], Cat#10082147, Gibco, Dublin, Ireland), and
1% L-glutamine (Cat# 25030081, Gibco, Dublin, Ireland).

Tissue samples were irrigated with 0.9% isotonic sodium
chloride solution in the laminar flow cabinet and clarified
from the red blood cells. Next tissues were dissected into
0.4 cm3 pieces, washed in Hank's balanced salt solution
(HBSS-1X, Cat#14025, Gibco, Dublin, Ireland), and
transferred to Falcon tubes. Collagenase type Il enzyme
in an amount of 0.375 mg (Cat#17101015, Gibco, Dublin,
Ireland) dissolved in a complete medium were added,
and the samples were incubated with 5% CO2 at 37 0C
overnight (1,10,13,15).

Next, the samples were centrifuged at 1200 rpm for 10 m.
The obtained cell pellets were resuspended by adding cell
culture medium and then transferred to T75 flasks and
incubated to obtain primary cell cultures.

Confluent primary cultures were passaged and stained

with trypan blue. The cells were then counted and planted
into 96 well plates at 1.4x104 cell/well for MTT analysis,
24 well plates at 3.4x104 cell/well for AO/PI analysis, and
100 mm petri dish as 4.4x106 cell/dish for RNA isolation.
At the end of a 24-hour incubation period, confluent cell
cultures, which stick to the bottom, were selected for drug
treatment.

Preparation of Drugs to be added to Culture Environment
The main stock solution was freshly prepared as 30 mg/
ml of nimodipine in DMEM medium into a flow cabin.
Afterward, the main stock solutions were subject to color
coding, which enabled researchers to be blind to analyses.
The final concentration of nimodipine was applied to
human primary NP/AF cell cultures at 100 pMolar. The
drug dose administered to the cultures was calculated
before carrying out analyses. The doses of nimodipine
applied to the cultures began at 1 pMolar and proceeded
at 50, 100, and 1000 pMolar. It has been previously
reported that cell proliferation totally stopped in cultures
where nimodipine at concentrations of greater than 100
pUMolar were applied. Therefore, the necessary doses of
nimodipine at concentrations allowing proliferation were
applied tothe cell classes found in the cultures. The groups
were separated into two main groups, non-degenerated
culture (IAF/NP) and degenerated culture (dAF/NP). These
were designated Group 1 and Group 2, respectively, and
the drug was not applied to the cell classes found in these
groups.

Two subgroup cell class samples were then formed, and
Groups 1 and 2 did not have the drug applied. Group 3
contained iAF/NP cell samples to which nimodipine had
been applied. Group 4 contained dAF/NP cell samples to
which nimodipine was applied (Table 1).

Table 1. Experimental design : AFCs/NPCs Nimodipine

Nimodipine Duration of applica-tion/

Group ID Sample’

application Analyzes™
Group 1 iAFC/NPC = Oh 24h 48h
Group 2 dAFC/NPC - Oh 24h 48h
Group 3 iAFC/NPC + 24h 48h
Group 4 dAFC/NPC + 24h 48h

MTT-ELISA viability and toxicity proliferation analyses
and AO/PI staining

Cells that adhered to the surfaces of flasks and
showed chondrocytic activity were evaluated under an
inverted microscope. Cell viability was analyzed using a
commercial MTT kit (Vybrant MTT Cell Proliferation Assay,
Cat#V13154, Thermo Fisher Scientific, Waltham, MA, USA)
in line with the manufacturer's instruction. MTT analyses
were performed before and after the drug was added in
all experimental groups, and results were obtained using
an enzyme-linked immunosorbent assay ([ELISA]/540
nm) microplate reader (Mindray MR 96 A, PRC, Georgia
Tech, Atlanta, GA, USA). Letter labels designated for
the individual samples were transcribed by the project
coordinator.
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Vitality of the control groups (Group 1, control group for
iIAF/NP—Intact AFC/NP cell tissue, and Group 2, control
group for dAF/NP—degenerated AF/NP cell tissue) were
assumed to be 100% before the transfer of nimodipine (0
h) into the culture medium. At 24 h post administration of
nimodipine, viability absorbance of the cells was recorded
as nm. Subsequent proliferation analyses were recorded
hourly between 24 h and 48 h.

To determine cell viability and confirm MTT results,
nucleic acid binding dyes AO and PI were used. AO stain
all nucleated cells whether alive or dead, generating green
fluorescence. Pl penetrates only dead cells with poor
membrane integrity and stains nucleated cells to generate
red fluorescence. When stained with both AO and PI, all
live nucleated cells fluoresce green, and all dead nucleated
cells fluoresce red (24).

To prepare the AQ/PI stain, 4 mg AO (dissolved in 2 ml 99%
ETOH), 10 g sodium-ethylenediaminetetraacetic acid, 4
mg PI, and 50 ml FBS were mixed well and sterile distilled
water was added to reach a 200-ml final volume (24).

RT-PCR analyses

Total ribonucleic acid (RNA) was extracted from cultured
iIAF/NP and dAF/NP using a PureLink RNA Mini Kit
(Ambion, Inc., Cat#12183018A, Foster City, CA, USA)
and 2 Mercaptoethanol (Cat#31350010, Thermo Fisher
Scientific, Waltham, MA, USA). To obtain complementary
DNA (cDNA), 50 ng RNA were reversely transcribed
with a High-Capacity cDNA Reverse Transcription Kit
(Cat#4368814, Thermo Fisher Scientific, Waltham,
MA, USA) using a thermal cycler (ProFlex, Thermo
Fisher Scientific, Waltham, MA, USA). PCR reaction was
performed using 10x reverse transcription buffer (10 pl),
25x deoxyribonucleotide triphosphate (4 pl), 10x random
primers (10 pl), 50 U/pl reverse transcriptase (5 pl),
nuclease-free water (5 pl), and RNA (20 pl) reaction mix.
Reaction protocol was as follows: Hold for 10 m at 25 °C
and hold for 120 m at 37 °C.

All genes were amplified using TagMan Gene Expression
Assays for CHAD (Hs00154382_m1, Cat#4448892), HIF 1a
(Hs00153153_m1, Cat#4453320), COL2A1 (Hs00264051_
m1, Cat#4453320), and an internal control gene of
housekeeping genes—actin beta (ACTB) (Hs99999903_
m1, Cat#4453320).

The RT-PCR reaction mix was prepared with 1 pyl TagMan
Gene Expression Assay, 10 pl TagMan Gene Expression
Master Mix (Cat#4369016), 4 pl cDNA template,
and UltraPure DNase/RNase-Free Distilled Water
(Cat#10977035) for each gene in MicroAmp Fast Optical
96-Well Reaction Plates (Cat#4346906). Reaction protocol
was as follows: 2 m hold at 50 °C, 10 m hold at 95 °C, 15 s
at 95 °C, and 1 m at 60 °C for 40 cycles. The protocol was
performed with the Applied Biosystems 7300/7500 Real-
Time PCR System (24).

Statistical Analysis
Data on proliferation of nimodipine was gathered using
Minitab 16 Statistical Software (Minitab Inc., State College,

PA). The data were evaluated with 95% confidence interval.
Descriptive statistics were given as mean t standard
deviation.

Initially, it was intended to evaluate the data by repeated
ANOVA test because it collects data from time points and
can be used for comparing more than 3 group averages.
However, repeated ANOVA could not be used because
proliferations were compressed after 24 h, and gene
expression decreased. Instead, one-way variance analysis
(one-way ANOVA) was applied, and the F-value obtained
from this analysis was used. Afterward, the post-hoc
Tukey HSD method was used to determine the difference
between groups. Alpha significance value was considered
to be <0.05.

RESULTS

Morphological Analysis of Chondrocyte Cultures: Inverted
Microscopy and AO/PI Staining

Cell cultures composed of intact and degenerated tissues
were evaluated by inverted microscopy for cell proliferation
follow-up and morphological analysis at 24 h and 48 h.
The micrographs are given in Figure 2. AO/PI staining was
applied to evaluate the effects of nimodipine application
on cell vitality in the same cultures and to support MTT
analyses. Micrographs that were obtained after AO/PI
staining are given in Figure 2.
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Figure 2. Inverted light/fluorescent microscopy and acridine
orange/propidium iodide stain images.
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In cultures that were obtained from intact tissue at 0 h,
cell proliferation and extracellular matrix development
were higher than cells comprising degenerated AFC/NP
cell tissues, as expected (Figure 2C). Cells in both cultures
preserved their vitality and specific morphology (Figure 2B
and 2D).

It was observed that cell density increased on a time-
dependent basis and preserved vitality. Additionally, it
was seen that proliferation was suppressed and necrosis
increased in nimodipine-applied cultures.

Cultures from degenerated AF/NP cell tissue were most
affected by nimodipine application (Figure 2K and L).
However, it was observed that this negative effect had an
about-turn at 48 h post application (Figure 2T and U).

Statistical Evaluation of Proliferation from MTT Data

The data obtained after MTT analyses were evaluated at
a 95% confidence interval. By means of ANOVA (p=0.000),
it was shown that cell proliferation differed between the
intact AF/NP cell and degenerated AF/NP cell groups as
well as the dosed group and the non-dosed group at 0 h,
24 h, and 48 h (Table 2).

Cultures prepared with intact AF/NP cells and degenerated
AF/NP cells were evaluated in terms of nimodipine
application and application time and then grouped
accordingly. It was found that cell proliferation increased
in intact AF/NP cell cultures and non-nimodipine groups
at 24 h. In addition, it was reported that cell numbers
were similar at 48 h to those at 24 h. It was statistically
confirmed that nimodipine compressed proliferation at 24
h in the intact AF/NP cell experimental group; however,

25

the proliferation continued and reached the same cell
numbers at 48h as it was at 0 h.n the degenerated AF/
NP cell groups, it was determined that cell proliferation
increased in a time-dependent manner in the non-
nimodipine cultures. However, it was found that when
nimodipine was applied, proliferation was repressed at 24
h and then restarted at 48 h.

Table 2. The assessment of the data obtained from nimopidine
administered to the degenerative and intact tissues by means of the

post-hoc Turkey Pairwise Comparison test after the repeated measures
one-way ANOVA

- Time (hour)
Application (mean + SD) 0
oh 24h 48h
Control
degenerate 0.270+0.01 0.312+0.02 0.360+0.07
tissue 0.00
Degenerate 0.198+0.01 0.224+0.01 0.185+0.01
tissue
Controlintact 704002 03124002 03174005
tissue 0.00
Intact tissue 0.230+0.01 0.246+0.01 0.216+0.01

IRT-PCR Evaluation

RNA isolation followed by RT-PCR analyses were
performed at 0 h, 24 h, and 48 h in Groups 1 and 2, the
non-nimodipine groups, whereas they were conducted at
24 h and 48 h in Groups 3 and 4, the nimodipine groups.

In Group 1, intact AFC/NP cell tissue (iAF/NP) culture
at 0 h was considered to be the reference, and the gene
expression level was considered to be RQ=1 (100%). The
gene expression levels of other experimental groups were
calculated as RQ namely fold (Figure 3).

PCR analysis

RQ (Fold)

Ll

u CHAD
S HIF-1a
m COL2A1

Group 1 (0h) Group 1(24h) Group 1(48h) Group 2 (0h) Group 2 (24h) Group 2 (48h) Group 3 (24h) Group 3 (48h) Group 4 (24h) Group 4 (48h)

Groups

Figure 3. RQ of AF/NPC Nimodipine.
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COL2A1 gene expression was not found in any of the
groups. CHAD and HIF T1a expression decreased on a time-
dependent basis in Group 2, which comprised NP/AF cell
tissues (dAF/NP) that did not have nimodipine application.
However, while CHAD and HIF 1a expression were found
to decrease at 24 h (RQ=0.21 and 0.28, respectively), they
began to increase at 48 h, which was different from intact
tissue.

It was observed that CHAD expression was 2.11 times
greater. CHAD expression in intact tissues that did not
have nimodipine applied was stable at 24 h and 48 h and
was 1.62 times higher than the control group. Additionally,
although the HIF 1a level was lower than the control group,
there was a slight increase at 48 h. In degenerated NP/AF
cell cultures where nimodipine was used, CHAD and HIF
Ta expressions decreased over time, different from the
non-nimodipine group.

DISCUSSION

One of the major characteristics of drugs is their
selectiveness [25]. However, it is not possible for a drug
to show only the desired effect. From the point of view
of clinical practice, effects of drugs are divided into two
categories, desired effects and adverse effects. Most
adverse effects are harmful regardless of the drug's
indications of drugs, and these effects are called toxic
(4,8,26-31).

Drug toxicity is a serious complication in treatments
(4,8,26-31). these toxicities may resultin dosage increases,
delays, termination of treatments, or death. Increases
in preventive treatment and developments in supportive
care contribute to improvements and favorable results in
treatments because the prime purpose is to provide the
desired benefits with less toxicity (4,8,26-31).

The current study primarily aimed to determine if
nimodipine, among calcium channel blockers, which
is indicated in prophylaxis and treatment of ischemic
neurological disorders caused by cerebral vasospasm
that develops after aneurysmal subarachnoidal bleeding,
was toxic in NP/AF cultures.

The secondary aim was to analyze the effects of nimodipine
on CHAD, which is related to the development between
spinal cord and dorsal colon development; COL2A1, which
is responsible for extracellular matrix development; and
HIF 1q, a continuous expression of the NP-specific marker
(24).

After pharmaceutical preparations are used, changes at
the level of electrolytes such as Na+, K+, Ca2+, and Cl are
epitoms for toxic biochemical effects. These are generally
bound to pharmacodynamic drug effects (32). Structural
toxic effects of drugs are toxicities that appear in tissues
and cells in morphological disorders. The toxicity of
medicines and other chemical agents or their metabolites
causes an irreversible degradation of subcellular
structures or macromolecules, such as DNA, RNA, and
enzymes, which are functional in the life of cells (33).

Various fundamental structural changes occur in cells
under the influence of direct toxicity of drugs. Effects
such as deformation in volume correction, deterioration
of metabolism, fragmentation of lysosomes, lipid
peroxidation, and triglyceride accumulation in cells can be
observed (34).

Median lethal dose (LD50) is a quantitative indicator used
in evaluating acute toxicity of drugs in laboratory animals.
This dose kills 50% of laboratory animals when applied
in a group. Drugs are examined in terms of subacute
(subchronic) and chronic toxicities after they are used
for in recurrent doses for an extended period of time. For
subacute tests, adrugis given orally to laboratory animals
regularly for a period of one-sixth of its average life span
(90 days for rats and mice). In chronic toxicity analyses,
a drug is given for a period which is almost equal to the
animal's average life span (2 years for rats and mice).

In this study, we performed our analyses putting
nimodipine in each well at a final concentration of 100
pMolar, and analyses were made at 0 h, 24 h, and 48 h.

It is known that the rating of toxic effects is associated
with reactions that are based on idiosyncrasy and genetic
differences in the people who took the drug. A drug that
is toxic to one person may not be toxic to another. In
other words, reactions may occur with use of a drug that
may differ from person to person, and some people may
have severe reactions (4,8, 24-31). For instance, in some
studies, cigarette and alcohol users were more sensitive
than non-smokers to the bronchoconstrictor effects of
beta-blockers (35,36).

Therefore, this study did not include tissues from patients
who smoke or drink alcohol. Also excluded were those
who took medications to inhibit cytochrome CYP3A4
(37), which may interact with nimodipine and anyone who
drank grapefruit juice within the last 48 hours. Additionally,
other causes for exclusion from this study were patients
who were using macrolide-grouped antibiotics such
as erythromycin; anti-HIV protease inhibitors such as
ritonavir; anti-antimycotics containing azole ring such
as ketoconazole; antidepressants such as nefazodone
and fluoxetine; and cimetidine and valproic acid active
ingredient drugs.

Nimodipine is a pharmacologic agent that is a calcium
antagonist in the 1,4-dihidropiridin group (38). In animal
experiments, it was found that nimodipine had a more
profound effect on cerebral arteries than any other places
in the body, which results from its exceeding of the blood-
brain barrier because it is lipophilic (39,40).

After nimodipine is taken orally, it is completely absorbed.
Peak plasma concentrations for elderly people are (Cmaks)
7.3-43.2 ng/ml which is typically reached in 0.6 h to 1.6
h. After a single dose of 30 mg or 60 mg nimodipine, the
average peak for young volunteers was 168 ng/ml and
31412 ng/ml, respectively. Peak plasma concentration
and the area under the curve increase proportionally until
the maximum dose that is tested (90 mg). Nimodipine
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is tied to plasma proteins at a level of 97%—99%, even in
animal experiments, and the drug has been reported to
be transferred to the placenta (41). Despite the limited
number of studies carried out in human beings, it is
probable that the same distributions would be shown.

We have been unable to find a study in the literature
indicating this drug has any effects with characteristics
of cerebral antivasoconstrictive, antiischemic,
neuropharmacological, or psychopharmacologic activity
on NP/AF cells. In our in vitro study, we observed that cell
proliferation was suppressed, and necrosis rate increased.
Cultures from degenerated NP/AF cell tissue that were
subject to nimodipine application for 24 hours were
especially affected. However, it was observed that this
negative effect did an about-turn at 48 hours. This showed
that some of the cultured cells were able to tolerate the
drug. However, it should be taken into consideration that
increasing necrosis might be the case for tissues that are
continuously exposed to nimodipine. Another milestone
of our research was to examine the effects of nimodipine
application on COL2A1, CHAD, and HIF Ta expressions.

COL2A1 gene expression wasn't found in any experimental
groups. It was reported that in iAF/NP cell cultures where
nimodipine was not applied, CHAD and HIF 1a expression
decrease over time.

CHAD and HIF 1a expression were found to decrease
at 24 h (RQ=0.21 and 0.28, respectively) in dAF/NP cell
cultures. These began to increase at 48 h, which supports
microscopy data.

It was found that CHAD expression in intact tissues where
nimodipine was applied were stable at 24 and 48 h, and
they were 1.62 times higher than the control group. Also,
although HIF 1a levels were lower than the control group,
there was a slight increase at 48 h.

In degenerated NP/AF cell cultures where nimodipine
was used, CHAD and HIF Ta expressions decreased on a
time-dependent basis, which was different from the non-
nimodipine groups. All RT-PCR data were evaluated at
large, and there was no correlation between nimodipine
application and gene expression in terms of increase or
decrease.

This experimental setup also demonstrated that the
cell gene expressions that were repressed at 24 h had
increased at 48 h post application of nimodipine. It is
thought that this increase could have stemmed from the in
vitro experimental setup. It should be noted, however, that
a drug dose applied clinically to a living organism must
be continuous during the treatment process. Additionally,
compensatory mechanisms play a role in minimizing toxic
effects that might be stemming from a pharmacological
agent as the first pass effect taking place in the liver and
gastrointestinal tract. Furthermore, electrochemical and
hormonal response mechanisms come into play against
a drug in tissues. On the other hand, it has been observed
that toxic effects encountered in an in vitro experimental
setup (in a laboratory) were significantly less than those

encountered clinically for the following reasons: a)
absence of the compensatory mechanism, and b) single-
dose application of the pharmacological agent at the
beginning of the experiment but absence of continual
dosing. However, if the doses were applied continuously,
as is done clinically, the gene expressions would change,
and proliferation might stop.

Gene expression is affected by individual differences, so
more cases would serve to have more clear-cut results.
However, we would like to underline that nimodipine had
sufficient impact to change gene expression.

As a result, primary human cell cultures that we used in our
study are important with regard to the comparison of effects
of nimodipine on vitality of NP/AF cells.

CONCLUSION

The data obtained from in vitro experiments would not
directly affect clinical practice. Using developments from
pharmaceutical technology in clinical practices in the future
will reduce the frequency and severity of complications
because patients will receive treatment using personalized
doses and schedules. Because frequently prescribed drugs
may suppress proliferation and differentiation of other cells
and/or tissues, a clinician should always consider this risk.
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